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LOI NOI PAU

Trong nhing ndm gdn ddy nho sy ddu tie cia Nha nuoéc, Nganh Xay dung co bdn da
va dang ¢é nhiang buoc phdt trién nhdy vot tao da cho sw phdt trién kinh 1€ xd hoi o
nudc ta. Trong su phdt trién chung &y, nhiéu céng nghe tién tién da dwoc dp dung ma
trong d6 khong thé thiéu dwoc sy khai thdc, sie dung ciing nhw tién 101 tuw thiét ké, ché
tao cdc mdy va thiét bi-xdy diung hién dai.

Dé thdy rdng mdy va thiét bj xdy dung rdt da dang khong nhing vé chikc ndng, vé
ddc tinh ki thugt, vé hinh ddng kich thudc, trong luong ma con cd vé ddc diém lam
viec, murc do tw dong hod... Tuy nhién néu xét trén phuong dién tinh todn thiét ké va
cdu tao thi nhiéu phuong phdp tinh va cdc cum chi tiét c6 thé dung chung cho cdc mdy
khdc nhau. Viéc ndm dugc cdc vdn dé viea néu, mét mdt lam co sé cho viéc khai thdc
va st dung cé hiéu qud hom, mdt khdc cing tao tién dé cho viéc thiét k& ché tao mdy
mdi. Cubn sdch "Co s& thiét ké mdy xdy dung" duwoc viét véi hy vong ddp ung diuoc
phdn ndo cdc yéu cdu do.

Sdch do tdp thé Cdn bo thudéc Bé mén Mdy xdy dung Khoa Co khi xdy dung Truong
Dai hoc Xdy dung bién soan va duwgc phdn céng nhu sau:

PGS.TS. Va Liém Chinh (Chu bién).: §1.1, §1.2 chuong 1 va cdc chuong 6, 7, 8,
9va 10.

TS. Pham Quang Diang: §1.3, §1.4 chuwong 1, chuong 3 va § 5.1 chuong 5.

TS. Truong Quéc Thanh: chuwong 2, 4 va §5.2 chuong 5.

Sdch duwoc dung lam gido trinh gidng day cho cdc Nganh Mdy xdy dung va Co gidi
hod thi cong thuéc Khoa Co khi xdy dung Truong Pai hoc Xdy dung dong thoi la tai
liéu tham khdo, nghién cteu cho cdc cdn bg ki thudt, cdn b¢ quadn li va nhimg nguoi c6
lién quan.

Do sdch duoc in ldn ddu, tai lieu tham khéo han ché nén chdc chdn khéng trdnh
khoi sai sét. Ching t6i rdt mong nhdn dwgc sy dong gép y kién cua ban doc 3¢ c6 thé
siea chita, bé sung va hoan thién hon.

Cdc tdc gia xin chdn thanh cam on su déng gop cua cdc dong nghiép thudéc B¢ mon
Mdy xdy dung, ddc biét la v kién dong gop cua Tién st Nguyén Thiéu Xudn.

Cidc tdc gia






Chuong 1
KHAI NIEM CHUNG

§1.1. GIOI THIEU CHUNG VE MAY XAY DUNG
1.1.1. Y nghia va vai tro ctia mdy xay dung

Xay dung va phat trién céc cong trinh xay dung dan dung, cong nghigp, co s& ha
tdng... d6ng vai trdo quan trong trong viéc phat trién kinh t& xa hoi nhat 12 ddi vdi cac
nudc dang phat tri€n nhu nudc ta hién nay. Vi vay bén canh viéc ting cuong diu tr vé
tai chinh thi viéc ap dung nhitng cong nghé mai nhdm nang cao chat lugng, ha gia thanh
cing nhur ddm béo ti€n d0 thi cong 1a viéc lam hét suc cdn thi€t. V&i vige ing dung
¢4c cong nghé mai tién ti€n thi viéc sir dung cidc mdy va thi€t bj la diéu tat y&u. Khi
d6 mady va thiét bi xay dyng khong nhitng chi tang nang sudt lao dong, tang nhip do
thi cong ma con 1 y&u t6 khong thé thi€u dugc dé ddm bao chat lugng va ha gia thanh
cong trinh va tham chi trd thanh nhin t6 quyé&t dinh d€n sy hinh thanh mot cong trinh
hién dai. Thyc t&€ xay dung & cdc nudc tién ti€n ciing nhu & nudce ta da chi ra ring viéc
x4y dung cac nha cao ting khong thé thi€u dugc cic cdn truc ¢ chidu cao nang, tdm
V6i, tai trong ning lon, cic mdy bom bé tong hién dai cling nhu nhidu thi€t bi khac.
Viéc x4y dung cdc cong trinh thiy dién, bén cang, cdu dudng... khong thé hoan thanh
vd dam bao chdt lvgng néu khong st dung cac may lam dat, cac thi€t bi gia ¢d nén
moéng, cdc thi€t bi san xudt vat lidu va nhiéu thiét bi khic ¢é tinh nang ki thuat phu
hgp v.v... Chinh vi nhting li do néu trén, mdy xay dung ngay cang cé y nghia va vai
trd 16n hon trong cong tic xay dung co ban ndi rieng va nén kinh t& ndi chung.

1.1.2. Phan loai mdy xay dung

May xay dyng rat da dang vé chiing loai, tinh nang ki thuat, phuong thic 1am viéc...
nén c6 rdt nhidu cach phan loai khac nhau, vi du phan loai theo céng dung, theo dic
diém qud trinh lam viéc, theo phuong thitc di chuyén...

Theo cong dyng, miy xay dung dugc phan thanh nhing nhém may chinh sau:

1. Nhém ddng co hay con goi 1a nhdm mdy phat luc. Pay 1a nhém may truyé€n hoac
bi€n ddi nang lugng d€ cung cdp dong luc cho hoat dong cia may, nhu dong co dot
trong, dong co dién, dong co thily lyc..., hoic t8 hop may né - may phat.dién, t& hop
ddng co dot trong - bom - ddng co thiy lyc...

2. Nhém may van chuyén ngang d€ van chuy&n vat lieu theo chu ki nhu 8-10,
may kéo...

3. Nhém mdy nang - chuyén d¢&€ van chuyén vit nang hojc vit ligu theo phuong thing
ding hodc nghiéng trong pham vi hep nhu céc loai cén truc, kich, toi, bing tai, vit tai...
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Tuy theo cong dung, nhém mdy nang - chuyén lai c¢6 thé phan thanh:

- Nhém may nang don gidn: 1a nhém mdy nang c6 nhiém vu chi y€&u la nang (ha)
vat nhu kich, van thang, toi...

- CAn truc: 12 cdc may nang phd bi€n nhit. Ching khong nhing c6 khad nang nang
(ha) vat ma con cé kha nang dat vat nang tai vi tri theo yéu cdu cila cong nghé bing
viec phdi hop cac chuyén dong quay, di chuyé’n va thay d&i tAm v&i. Nhém may nay
rit da dang, thudng gip nhit 1a cac loai ¢adn truc ty hanh banh h0'1 hoac banh xich, can
truc thdp, cin truc chan d&, céu truc, cdng tryc..

- May va thi€t bj van chuyén lién tuc co bo phan kéo nhu bang tai, gau tai, xich tai
hodc khong cé bd phan kéo nhu vit tdi, con iin tdi... Thuong nhdm may nay dugc s
dung d€ van chuyén vat ligu roi theo phuong thng ding hoac nghiéng.

- C4c mdy va thi€t bj nang chuyén dung nhu cdc cdn truc chuyén dung cho luyén
kim, thang may (ch& ngudi hoidc chd hang), van chuyén cap... Do tinh chit dic biét
ctta chiing, khi thi&t k&, sit dung cé4c loai may va thi€t bi n&u trén phai tun thd nghiém
ngit cac tieu chudn va nhit 1a cdc quy pham vé ki thuat an toan trong cu tao, lap dat,
quan li va st dung da dugc ban hanh.

4. Nhém may lam dat va gia cd nén moéng

Day 1a nhém may bac gdm nhing mdy va thi€t bj phuc vy qua trinh thi cong dat,
8n dinh va gia ¢ nén mdng trong xay dyng co ban. Do tinh da dang cla ching nén
trong thyc t€ ngudi ta thuong phan nhd nhém may nay thanh céc loai may sau:

- Mdy dao va chuyén d4t nhue may Gi, x¢1, may cap, may san, may bdc xic...

- May xic (d2o): nhur may xidc (dao) moét gdu, may dao nhidu glu... Trong thuc t&
tuy theo quy dao chuyén dong cla thiét bi cong téc cing ¢6 thé phan nhd hon nira nhu
may dao mot giu cé thé chia thanh mdy dao ghu thuan, ghu nguoc, giu day, giu
ngoam...

- M4y va thiét bj ddm nhu lu chan ciru, lu banh 18p, lu rung, dim dong...

- May va thiét bi dong (ha) coc nhu cac loai bia ddng coc (bua diézen, buia thuy luc,
bda rung, bia va rung), thi€t bi ép coc, may khoan coc nhéi...

- May va thiét bi én dinh nén méng nhu cac may phay tron tai chd (mot roto hoic
lién hgp), may cdm bdc thim, may va thiét bi ha coc cat...

5. Nhém mady sin xudt vat liéu va cdu kién xay dung

Nhém may nay rit da dang, vi vay theo cong dung chung trong thuc t& thuéng duge
phan nhd hon thanh cic loai mdy sau:

- May va thiét bi san xudt d4; 1a cac mdy ¢6 cong dung gidm kich thudc va phan
loai chiing thanh ting nhém cé kich c¢& gin gidng nhau nhur may nghidn (nghién ma,
nghién con, nghién bia, nghién truc, nghién bi...), may sang (sang ldc, sang rung, sang
ong...) hodc t8 hop cia ching theo mot so d6 cong nghé da dugce lua chon (thudng duge
goi 12 tram nghién - sang).
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- M4y va thiét bi sdn xuit gach (nung hoic khong nung) nhur cdc may va thiét bi séan
xuit gach tir 44t theo phuong phap déo (dun, ép), theo phuong phap ban kho (€p) hodc
mdy va thiét bj sidn xudt gach khong nung tir bétdng (rung, rung €p, va rung...).

- M4y va thi€t bj san xudt vat lidu lgp, nhu may va thi€t bi san xuit ngéi, sdn xuat
tam lgp (kim loai hoac phi kim loat).

- M4y va thi&t bi sdn xudt gach 6p, lat. Tuy theo vat lidu va cong nghé dugc sir dung
khi san xu4t, may va thi€t bi san xudt gach Op, lat ¢6 thé phan thanh timg nhom khéac
nhau nhd hon nhu may, thiét bi gia cong dd, td hgp thiét bi (day chuyén) sdn xudt gach,
gom, si...

- May va thiét bi sdn xudt chit két dinh nhu ximang, thach cao... Thuéng nhém may
nay l1a t8 hop nhiéu loai may khac nhau phy thudc vao mitc do hién dai ciia day chuyén
cdng nghé, tuy nhién khong thé thi€u duge cidc may chi y&u nhu may nghién, thiét bj
nung, thiét bi nang - chuyén, thiét bi loc bui, dinh lugng...

- M4y va thi€t bj phuc vy cong tac bétong. Day 1a nhém mdy phuc vy cong tic bétdng
tir khau san xudt bétdng d&n khau dim chit va tao hinh san phdm, vi vay thudng dugc
phan nho hon thanh céc loat mdy nhu sau:

+ May tron bétdng tu do hodc cudng biic;
+ M4y va thiét bi van chuyén bétdong nhu bom bétong, 6td van chuyén chuyén dang...

+ M4y va thiét bi ddm chiit va tao hinh sdn phdm nhu cédc loai ddm mit, ddm dui,
ddm canh, ban rung...

+ Tram trdn bétong: 1a t8 hop cac thiét bi cap lieu, dinh lugng cot ligu, chit két dinh,
nurdc v may tron. Tuy theo mitc 4o hién dai hoat dong clia tram tron c6 thé duge co
gigt ho4, tr dong hod mot phdn hoic hoan toan.

6. Nhém may va thi€t bi hoan thién

Mady va thi€t bi hoan thi¢n thudng c6 kich thude va cong suit khong lon. Chiing bao
gdm cic may va thi€t bi phuc vu cong tac phun son, voi, mai tudng, mai va danh béng
san, cdu thang; cac thi€t bj phuc vy céng viéc vé sinh, lau rira mit ngoai; cdc thiét bi
cua, cit...

7. Nhém mdy va thiét bi chuyén dang

Pay la nhém may phuc vu céng tac thi cong cho mot loai cong viéc xdy dung cé
déac thu riéng nhu thi cong mat duong (mdy rai d4, bétdong, asphalt bétdng; may boc lop
mit dudng, may va thi€t bj gia nhi¢t nhya dudng, tram tron bétdong nhra...); miy va
thi€t bi thi cong hdm (mdy dao, mady khoan...); may va thiét bj nao vét ludng, lach (tiu
cudc, may hit bun...); may va thiét bi thi cong trong mdi trudng doc hai (nhu & khu
vye ¢6 nhiét d9 cao, cé phéng xa...).

Viéc phan loai néu trén day nhim sdp x&€p cac may va thié€t bj phuc vy cong tac xay
dung co ban theo nhém ¢6 ¢ong dung gidng nhau hodc gin gidng nhau dé tién cho viéc
nghién ctru sau nay. Chi y ring, ngoai cach phan loai da néu cdng con cé nhiéu cich
phan loai khéac, d6i khi rat chi ti€t. Viéc phan loai nhr vy thudng dugc néu trong cac
gido trinh chuyén nganh cuy thé nén khong néu & day.



1.1.3. Vé xu thé phat trién ciia may xay dyng

Trong nhitng ndm vira qua, cing v&i su phat trién cda khoa hoc va cong nghé, ty
khong cé sy thay d8i nhidu vé nguyén li lam viéc, may va thiét bj xay dung di c6 nhimng
thay d8i ding ké vé phuong thic ddn dong va diéu khién, vé két cdu, vé tien nghi lam
viéc... nhdm nang cao ning suit lao dong, ti€t kiém vat liéu va nang lugng. Rat khé cé
thé téom tdt ngdn gon vé xu hudng phat trién clia may va thi€t bi xay dung, song mot
cach so bd c6 thé thdy viec thiét k&, ché tao may xay dung dugc cai tién theo cac hudng
chinh sau:

- St dung cong nghe tin hoc trong tinh toan thiét bi, dac biét dwa vao qua trinh tinh
todn cac yé€u t& dong lyc, yéu td phi tuyén, ngu nhién... dé xac dinh hop 1i cac thong
sO va két cdu clia mdy, nhd dé may dugce thi€t k€ da phu hop vdi thyc t€ hon, co do
tin cay cao hon, ti€t kiém ning lugng va vat lieu nhiéu hon.

- Thay th& truyén dong co khi bing truyén dong thiy luc & nhing chd cé thé thay
thé duge dé mot mit ddm bao két cdu gon, dep, mit khac quan trong hon dadm bao
thuén loi cho viéc ty dong hod qua trinh diéu khién va t6i wu hod qua trinh lam viéc.

- Sit dung ki thuat do hién dai k&t hgp vdi cong nghe tin hoc, nhim xac dinh tirc
thoi cdc thong s6 co ban cla may, déng thoi thye hign qua trinh didu khién ty dong dé
dam b3o cho may hodc mot t§ hgp may ¢6 sy lam viéc ding vdi yéu cdu cong nghé
dit ra mot cach an toan. Trong mot s6 may ¢6 cong sudt 1on nhat 1a d6i véi t8 hgp may
nhu tram tron bé tong, asphalt bé tong, day truyén sdn xudt gach lat..., qua trinh san
xuit 44 duoc ty dong hoa va diéu khién theo chuong trinh.

- Tang cuong tinh tién nghi cho nguoi diéu khién hodc diéu hanh bang céch thay
din viéc diéu khién bing tay gat sang nit bim hodc theo mdt chuong trinh ¢6 s&n. Ngay
nay viéc hién thi cac théng s& chii yéu cda qua trinh cong nghé ciing nhu cac héng hoc
cda nd ién man hinh da khong con xa la véi may xay dung.

- Pa chid y rdt nhiéu d&€n viec dAm bdo vé sinh moi treong dic biét trong viéc xi li
bui va khéi, déng thoi cai thién moi trudng lam viéc cda nguoi didu khién.

- R4t chd y dén kiéu dang my thuat cong nghiép, nén cung v&i viéc cdi ti€n khac,
mdy va thiét bi xay dung hién dai ngay nay thuong gon vi dep hon trudc day.

§1.2. CAU TAO VA YEU CAU CHUNG

1.2.1. Cau tao chung ciia mdy xay dung

T4t ca c4c loai may xay dyng di ddng c6 thé coi 3

nhur mot h¢ théng bao gdm cac cum chi yéu sau
day (hinh 1.1): Cum dong lyc 1, cum truyén dong 2,
cum (bd phan) lam viéc 3, cum (co cdu) di chuyén ) 4
4 va hé th@ng diéu khién 5.

Cac cum nay lai gém cac tdng thanh va bo phan Hinh 1.1: So dé cdu tric
khac nhau do cac chi ti€t tao nén. cia mdy xady dung di dpng
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Cum dong lyc 12 ngudn cung cdp ning luong (hodc dé€ chuyén d8i ning lugng nhu
chuyén dién ning thanh co ning, chuyén dién xoay chiéu thanh dién mot chiéu...)

Cum truyén dong thyuc hién truyén niang luong téi cac co cdu (di chuyén, lam viéc...).

Bd phan 1am viéc thyce higén cac chice nidng cia mdy da dinh trude cho timg loai may.

Co cdu di chuyén ddm bio qua trinh di chuyén may (d6i véi cac may tinh tai va cdm
tay sé& khong cé co cau di chuyén).

He théng diéu khién dung diéu khién céc co cdu va bo phan lam viéc.

Ngoai cac cum chi yéu trén, méay con cé khung be va cac bo phan phu trg khac nhu
chiéu sdng, an toan, diéu hoa...

T8 hop cac cum dong luc, truyén dong goi 12 he din dong.

Hé din ddong may xay dung chia thanh din doéng modt dong co va din dong nhiéu
dong co. O h¢ din dong modt dong co thi tat ca cac co cdu hoat ddng duge nh¢ ning
lwgng tir mot ddng co qua bd truyén ddng co khi. Pay la hé din dong co khi.

O he din dong nhiédu dong co thi thi€t bi dong lyc (thudng 1a ddng co d6t trong) dan
dong cho may phat dién, bom thiy lyc hay may nén khi lam viéc dé€ cung cdp niing
lvgng cho ddng co cia ting co cdu riéng biét. Diéu nay cho phép diéu chinh doc lap
va ty dong hoa dé dang.

Heé din dong dién st dung rong rai trén céc may ¢8 dinh hodc di chuyén ngin nhu
may nghién sang da, cin truc thap...

Hé din dong thiy luc: Cac thiét bi bién ddi ning lwgng cla ddong co thanh ning lugng
cla dong thiy luc (thiy dong hay thiy tinh) réi lai chuyén thanh niing lugng co hoc.

Miy xay dung c6 thé xem 12 mot he thong va thuong bao gdm cic cum chinh sau:
. Bong co din dong
. He truyén dong
. Co cdu cong tac
. Co cdu di chuyén
. Co cdu quay
. He didu khién .

. Céc thiét bj phy khac nhu hé chi€u sdng, thiét bi an toan, tin hiéu...
. Khung may

00 -~ N L b W N e

Tuy theo loai mdy ma cdc cum thiét bi néu trén ¢6 do phirc tap khac nhau va c6 thé
day di hoic khong.

Trong nhiéu truomg hop dé dam bao tinh da ning va ha gia thanh cda may, nhiéu
loai thi€t bi cong tac thudmg dugc lp trén cing mot may co s& c6 cong dung chung.

1.2.2. Yéu cdu chung ddi voi mdy xay dung

D6i trong cong tac ciia may xay dung rit khiac nhau khong nhing vé tinh chat co li
ma cd vé dic diém cong nghe, didu kién lam viéc..., va thudng ching cé kich thudc
trong lugng 16m, vi vay yéu cdu chung d6i vdi ching ¢ thé duge dit ra nhu sau:



- Chon hgp li va st dung ti€t kiém ngudn ning lugng. V&i may co dong, dong cu
dan dong thudng duge chon 12 dong co 46t trong, té hop dong co d6t trong - may phat,
dong co dot trong - bom - ddng co thiy lyc...

- C6 d0 bén va tudi tho cao.

- Kich thude gon, nhe d& van chuyén, dung 1dp; ¢6 khi ning thi cong trong dja ban
chat hep, diéu kién thoi ti€t khic nghiét; ¢6 tinh co dong cao.

- Dam bao nang suit va chit lugng thi cong; cé kha niang phdi hop vai cdc may khic
trong day chuyén cong nghé, khd ning thay déi co cdu cong tic, cling nhu kha ning
stra chira, thay th& thuan tién. :

- Dam bdao cdc yéu clu vé sinh moi trudong cting nhu vé sinh cong nghiép theo quy
dinh, thuan tién, an toan khi van hanh.

- Gi4 thanh diu tuv ha, hidu qua diu tu cao.
- My thuat cong nghiép tot.

1.2.3. Cic chi tiéu kinh t€ ki thuat

Cac chi tieu kinh t& va ki thuit chd yéu cia may xay dung la: Nang sudt, do tin cay,
tinh 8n dinh, tinh co dong, kha ning dé thong qua, tinh thich ¥ng vé& mat xa hoi.

Ning suit may dugc biéu thi biing sd lugng san phim trén don vi théi gian nhu: //ph;
m’/h; t/h... va duge phan thanh 3 loai nang suit khac nhau la: Nang sudt 1i thuyét, nang
sudt ki thuat va nang sudt thyc (€.

Nang suit li thuyét Ny, dugc xac dinh khi may lam viéc trong diéu kién li tudng phi
hop v6i thong sd ki thuat ciia may khi thiét ké.

Niang sudt ki thuat Ny, duge xdc dinh khi mdy lam viéc trong diéu kién ¢6 ké dén
idnh hudng cia d6i tugng cong tac nhu tinh chit cia ddt, da, diéu kién dia hinh...

Ning sudt thuc t€ N, duge xac dinh theo $6 san phim thyc t&€ do may tao ra trong
mot don vi thdi gian. DE thdy dugc ring ning sudt cia mdy phu thudc khong nhimg
chi vao déc tinh ki thuat, do tin ciy... cia mady ma con phu thudc ca vao trinh d6 quén
li, khai thac, bdo quan... va N, < N, < N,,

D6 tin cay 1a mot chi tiéu tdng hop dugc biéu hién & tinh khong héng, & do bén lau,
tinh stra chita... D9 tin cay cang cao thi ning suit cda mdy cang tang, do it phai ding
may do hdng héc, do sira chia...

Tinh 6n dinh ciia may dugc thé hién & kha niang lam viéc cda may voi thong s& ki
thuat 6n dinh. N6 12 mot chi tiéu quan trong anh hudng dén nang sudt va gia thanh
sdn phdm.

Do co dong va khad nang dé thong qua clia may dic trung cho kha ning thich nghi
cia mdy trong di chuyén khi lam viéc cing nhu khong lam viéc trén cac dja hinh
phttc tap.
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Tinh thich tmg vé mit xa hoi phén 4nh kha nang pha hop ciia may trong diéu kién
x4 hoi nhu an toan, tién nghi cho ngudi van hanh, ddm bdo vé sinh cong nghiép, vé
sinh moi truong.

Ngoai cac chi tiéu trén ngudi ta con sit dung nhiéu chi tidu khac d€ danh gid sy 1am
viéc ctia cac may cy thé nhu tinh nhiét d6i hod, mic do va hiéu qua diu tw... Cic vdn
dé nay, ngudi doc ¢6 thé nghién ciu sau hon & cédc tai ligu tham khao.

§1.3. TAl TRONG TREN MAY XAY DUNG

1.3.1. Ch& d6 lam viéc

Doi tugng phuc vy clia mdy xay dung rit da dang, yéu cdu cong viéc va diéu kién
sir dung cia cdc loai may xay dung ciing rit khac nhau. Ngay trong cing mot loai may,
tay theo yéu cau thuc t&€ ma diéu kién s dung may cing khong gidng nhau. Dya vao
yéu cdu thuc té€ vé diéu kién sit dung mdy ma chd y&u la mirc do st dung may theo
thoi gian va muic do chat tai, nguoi ta phan loai cac co cdu va mdy xay dung theo cédc
nhom ché do lam viéc tiéu chuidn. Viéc phan loai may xay dyng theo cac nhém ché do
lam viéc gitip cho ngudi thiét k&, ch€ tao ¢6 co s& d€ chon cic heé so khi thiét k&€ may
cho phi hop véi diéu kién lam viéc thue t&€ clia may nhim d¢adm bdo dd an toan, do tin
cdy, tudi tho va gidm gid thanh may.

Theo dac diém cha qua trinh 1am viéc, may xay dyng dugce phan thanh hai nhém:

- Nhém may xay dung ¢6 ché do lam viéc lién tuc, nang sudt cao va on dinh, qua
trinh chét va do tai xay ra khi mdy dang lam viéc. Dong co cia nhém may nay lam
viéc theo ché€ do dai han. Nhéom nay gdm: May van chuyén (bing tai, xich tai, giu tai,
vit tdi...), may dao nhiéu giu hé xich va hé roto, may nghién, mdy sang, may bom be
tong, mot sO may tron bé tong cd ché dd lam viéc lién tyc...

- Nhém may xay dung lam viéc theo chu ki gém cdc loai may nang, may dao mot
gdu, may dao - chuyén dat, may déng coc, may tron bé tong theo chu Ki... Pong co cda
cdc loal may nay lam viéc theo ch& do ngdn han, dic bigt 1a dong co cac co cdu cda
may nang lam viéc theo ch€ do ngin han lap di ldp lai trong chu ki.

Cac nhom ché do lam viéc tiéu chuln cla cédc loai mdy ning, may lam ddt va may
san xudt vat ligu xay dung dugce gidi thi¢u trong cdc tai lieu chuyén nganh va cac tiéu
chudn qudc gia. Trong mbi budc tinh todn cac chi ti€t, cdc co ciu cing nhu két ciu
kim loai cda may déu phdi chi y dé€n &nh hudng cia ché do lam viéc. Vi vay trong tai
litu nay, dé ¢6 co s& cho viéc tinh toan céac chi tiét va co cdu may & cac chuong sau,
ching t6i xin gidi thidu cdc s lieu phan loai ché d9 lam viéc ciia mdy nang. P01 vdi
cac loai may khic, dua vao diéu kién lam viéc thuc t€ c6 thé quy vé ché€ do lam viéc
tvong duong. X&p loai co cdu lam viéc theo ché d9 nay hay ché& d¢ khac phai dua trén
co s quan séit sy lam viéc cGa né trong thoi gian nhit dinh.
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Theo TCVN 5862-1995, may nang dwgc phan thanh tdim nhém ché€ do lam viéc
A1-A8 trén co s& phoi hop mudi cdp st dung U0-U9 va bon cdp tai cda thiét bji Q1-Q4;
cac co ciu miy cing dugc phan ra tim nhdm ché€ 49 lam vigc M1-M8 img véi mudi
cdp sir dung TO-T9 va bon cdp tdi cda co cdu L1-L4. Tuy nhién, hién nay rat nhiéu tai
liéu cang nhu trong thyc t&€ s dung & nudc ta vin diung cach phan loai ch€ d6 lam viéc
theo tidu chudn ci TCVN 4244:1986. D€ tién cho viéc tinh todn va x&p loai co cdu theo
ché& @0 1am viéc tiéu chudn, dudi day gidi thidu cach phan loai ché€ do lam viéc cla co
cau may theo TCVN 4244:1986.

Ché& d0 lam viéc ciia co cdu duge dic trung bing cac chi tiéu sau day:

- Cudng 40 lam viéc clia co cdu:

t
Cb% =~ 100 ,
°TT

Trong 46:

t - thoi gian chay mdy trong mot chu ki hoat dong, bao gém téng thoi gian m& may
Yt va tdng thoi gian 1am viéc voi t6c 46 én dinh Xt
t=2t, + Xt, .
T - toan b thoi gian mot chu ki [am viée cla co cdu, bac gém tdng thdi gian chay
mdy t, tong thoi gian phanh Tt, va téng thoi gian dimg mdy Tty
T = 2ty + Xt, + 2t, + Xty .
- He s¢ sit dung co cdu theo tdi trong:

Trong dé:

Qg - ti trong trung binh tinh trong vong mdt ndm hoat ddng;
Q - tai trong danh dinh cda co céu.

- H¢ s6 sir dung co cdu trong ngay:

SO gir 1am viéc trong ngay
k

ng=

24
- He s6 st dung co cdu trong nam:
S& ngay lam viéc trong nam

k, =

365
Ngoai ra cting cAn chii y d€n mot sd chi tieu khac nhu s6 14n md may trong mét gior
tinh trung binh trong mot ca lam viéc m, s8 chu ki 1am viéc trong mot gid a,, nhi¢t 346
moi trudng xung quanh. Cac co cdu may dugc chia ra hai nhém: Dan dong bang tay va
din dong may. Nhém din d9ng bing tay lam viéc vdi téc do rdt cham va nhiéu quing
nghi lau. Nhom din ddng mdy duogc chia ra cac ch€ d¢ lam viéc sau: Nhe (Nh), trung
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binh (T), ning (N), rat nang (RN) va rdt ning lién tuc (RNL). Trong bang 1.1 1a cac
s& lieu vé& ch& 40 lam viéc cda co cdu mday nang, ngoai ra con cé cac sO lidu vé thoi
han phuc vy va tudi tho nén diung d6i véi cac chi tiét may dién hinh cia co cdu dé tinh

to4an ching theo sitc bén mdi.

Bang 1.1. Cidc s6 lieu vé ché do lam viéc ciia co cfu mdy

R4t nan
Ché do 1am viec Nhe (Nh) b?::'z.gr) Nang (N) R’“(‘;‘;?)“g lien icg
(RNL)
Cuong do lam viec, CD% 15 25 40 |40+ 60 | 60+ 80
He s& sit dung trong ngay, kng 0,33 0,67 0,67 1,0 1,0
He sd sit dung trong ndm, kn 0.25 0,5 0,75 1,0 1,0
He s& sit dung tai trong, kQ 0.5 0,5+0,75{0,75+ 1,0 1,0 1,0
S8 lan md may trong mot gid, m 60 120 240 300 720
S& chu ki lam viéc trong mot gid, ack [ 10+ 15 [ 20+ 25 | 30 + 35 40 -
Nhigt 4o moi truong, t°C 25 25 25 45 45 + 60
Th&i han phuc | 6 tan 10 5 3 3 3
vy, nam Bénh ring 15 10 10 10 10
Truc va cac chi
t1&t khac 25 15 10 10 10
Thoi gian 1am | O lan 1000 3500 5000 10000 | 15000
vi¢e trong thdi | Banh ring 1500 7000 16000 | 32000 | 48000
han trén, gid Truc va cac chi
ti€t khac 2500 10000 | 16000 | 32000 | 48000

1.3.2. Cdc thanh phan tdi trong

Cic thanh phan tai trong tac dung 1én may xay dung trong trang thii lam viéc cling
nhu trang thai khéng lam viéc bao gdm luc (moémen) dan dong, luc cin cong tac trong
may, trong luong ban than may, tdi trong gié (dd8i véi mdy van chuyén ¢cé téc do cao
con ¢6 lyc can khong khi khi may chuyén doéng), luc quan tinh, tai trong dong xudt
hién trong cac khau lién k&t dan héi ciia co cdu may. Ngoai ra, ¢6 thé xuat hién nhitng
thanh phédn tdi trong dac biét khac nbu tai trong phat sinh khi van chuyén, lip dung,
14i trong xudt hién do bi€n dang nhiét, tai trong do dong dat... Céc 1ai rong c6 thé tac
dong lén may thudong xuyén hodc khong thudng xuyeén, theo quy luat hodc khong theo
quy luat. Tuy theo trang thai lam vig¢c cta mdy ciing nhu cac bai todn, cac truong hop
tinh todn cu thé ma céc tai trong dugc ké dén hay khong.

Lyc (momen)} dan do6ng trong may la momen trén truc dong co hoic lyc trén cdn
pittdng cda xilanh thdy lyc, khi nén dé din dong bd phan céng tic trong co cdu may
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thyc hién chic niang yéu cdu. Dé xac dinh lyc (moémen) din dong cin phai biét cac
thanh phan lyc cin cong tac, lyc quén tinh cda cic khoi lugng chuyén dong. Luc din
ddng trong moi trudng hgp ludn khong nhdé hon luc can cong tac, song néu lyc din
ddng qua lon s& hao phi nang luong, luc quén tinh va tai trong dong Idn lam tang kich
thudc may, gidm tui tho clia mdy, may rung... Mot s6 trudng hop néu lyc din dong
qud 1én thi co cdu may khong thye hien dugce chikc nang yéu cdu, vi du co cdu di chuyén
may, néu lyc din trén banh xe chi dong ldn hon lyc bam s& x4y ra hién tugng quay
tron tai chd va may khong di chuyén dugc.

Tuy tirng loai mdy va diéu kién lam viéc cu thé ma lyc can cong tic trong mdy cé
thé 12 trong hrgng vat nang va thiét bj mang vat (tdi trong nang) déi vai cac loai may
nang; luc can cit va dao dit doi vai cac loai mdy lam dat; lyc can do ma sat gitta céc
bd phan ¢6 chuyén dong tuong ddi véi nhau; luc can do do d6c... Céc thanh phin lyc
can nay, tuy tirng loai may, dugc gidi thi¢u trong cac tai liéu chuyén nganh va trong
didu kién lam viéc cu thé, lyc can cong tic duge xac dinh bing cich tinh toin theo
cong thic hoidc bing thyc nghiém.

Trong lugng ban than may 12 loai tai trong thudng xuyén bao gém trong lugng cac
chi ti€t, cum may va két cau kim loai. Trong lugng ban than mdy 1a mot trong nhitng
thong s6 quan trong dung d€ tinh én dinh mdy va xac dinh céac thanh phén tai trong
khidc nhu luc cadn ma sat, luc can do do déc, luyc quan tinh, tai trong dong... Khi thiét
k€ may mdi, ngudi ta xac dinh so bd trong lugng cdc cum mady va toan bd mdy bing
cac cong thitc kinh nghiém, cdc bang hoic dé thi cho trong cac tai ligu chuyén nganh
hoic dua vao cic loai mdy tuong ty cé san. Trong budc tinh chinh xac cidn ti€n hanh
tinh todn lai trong lwgng may dé so sanh véi gia tri trong lugng chon so bo va diéu
chinh cho ding. Trong tinh todn bén cédc chi tiét may, ngudi ta thuong boé qua trong
lugng ban than cia nd (trir mdt s trudng hop ¢ trong lugng lén).

Poi vai cdc may lam viéc ngoai trdi, dac bigt la nhirng may cd kich thude lon nhu
cin truc, may khoan, may ddéng coc..., cidn phai tinh d&n tai trong gié. Tai trong gio
thay d8i mot cach nglu nhién, tri s6 phu thudc vao thoi tiét, khi hau cda ting vang.

Téa1 trong gié dugc cot 12 tdéc dung theo phuong ngang va dugc tinh theo cdng thic:

W,=qncfA; N

Trong do:

q= vi/1,6 - ap luc gio & dd cao dudi 10 m; N/m’. Ap lyc gié phu thudc vao ting
truomg hop tinh toan: dp lye gié trung binh & trang thai 1am viéc q; = 150 N/m*; 4p luc
gié 1én nhit & trang thai lam viéc q; = 250 N/m?; 4p luc gié ¢ trang thai khong lam
viéc gy duoce tinh theo tdc 4o gié 1n nhat tai ving dit may trén ban dé chia vang gié.
Doi véi may lam viéc tai b&n cang, trén song, bién cé thé 18y q, = 250 N/m?,
qQu = 400 N/m?;

v - toc do gid, m/s;

n - he s6 ké dén sy ting ap luc gi6 theo chiéu cao, dugc 1y theo béang 1.2;

14



Bang 1.2, Gid tri h¢ s6 n

Chiéu ) Den |0 50120+ 30|30 + 40{40+ 50|50 + 60]60 + 70{70 + 80|80 + 100
cao 10m .
n | 100 | 132 | 152 | 17 18 1.9 20 | 2.12 22

¢ - hé s6 can khi dong hoc: Vi két cdu lam tir ong ¢ = 0,8 + 1,2; két cdu hop, cabin,
doi trong, cdp, vat nang ¢ = 1,2; ddm bé mit cé ché 161 16m, dan phdng lam tir thép
gécc =15+ 1,6;

B - he s6 dong luc hoc ké dén diic tinh xung dong cia tai trong gio, thudng 14y hoac
tinh toan theo loai mdy trong céc tai liéu chuyén nganh;

A = A,.¢ - dien tich chin gi6 tinh toan ciia k&t c&u chiu tai trong gié, m’;

A, - dién tich b& mit chidn gié dugc gidi han béi dudng bién ngoai cla két cau, m>;

¢ - hé s6 ké dén phin 16 héng: V&i két cdu dan ¢ = 0,2 + 0,4, vdi cac co cdu may
¢ = 0,8 + 1,0; vdi két cdu cé thanh kin, ddi trong ¢ = 1,0.

TAi trong gi6 trung binh & trang thai 1am viéc img vé&i q, ding dé€ tinh todn cédc chi
tiét may theo do bén mai va chon dong co. Tai trong gié 16n nhit & trang thai 1am viéc
img v&i qp dang d€ tinh bén cac chi tiét va k&t cdu kim loai, kiém tra 6n dinh may khi
co tai, kiém tra thoi gian mé mdy, thoi gian phanh cic co cfu. Luc gio & trang thai
khong 1am viéc ing vd&i gy tinh theo tdc do gidé 1dn nhit tai ving may lam viéc dung
dé tinh cac thit bi phong gid, kiém tra cac chi ti€t cia két cdu chiu ap luc gié va kiém
tra &n dinh mdy trong trang thai khong lam viéc.

Lyc quén tinh trong cac co cdu may xuit hién trong thoi ki chuyén dong khong 6n
dinh: m& may, phanh, thay déi toc do.

Luc quan tinh cla cac khoi lugng chuyén dong tinh tién:

G v
=ma=—-—
g L
Momen cilia lyc quan tinh cia cac khoi lwong chuyén dong quay trong co ciu:

Mm:J-E;

P

qt

Trong do6:

m, G - khdi lugng va trong luong cila chi tiét hodc phin may c6 chuyén dong tinh tién;
v - t8¢ do chuyén dong tinh tién;

J - momen quén tinh cda khoi lwgng chi tiét hodc phan mdy quay;

o - van toc géc cia khai lugng chuyén dong quay;

t, - thoi gian chuyén dong khong 6n dinh.

Luc quan tinh li tam ciia may hodc phdn may c6 chuyén dong quay vong:
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P, =m.w’R ;.
Trong d6:
R - khoang cach theo phwong ngang tir truc quay d€n trong tam cia khdi lugng ¢6
chuyén dong quay vong.

Lyc quan tinh ti€p tuyén trong thdi ki chuyén dong khong 6n dinh cda khdi hwong
¢6 chuyén dong quay vong:

Ptt = m-q)-—R
L

May xay dung va cic co cdu may c6 thé dugc coi 1a mot co hé gdm nhiéu khoi lugng
chuyén dong n6i v&i nhau bing cac khau lien k&t dan hdi. Dudi tic dung clia cac thanh
phin tai trong, dic biét 1a trong thoi ki chuyén dong khong 6n dinh c¢la co céu, cac
khdi lugng trong co hé s& dao ddng va trong cac khau lién k&€t dan hdi s& xudt hién tai
trong d0ng ma gia tri cda né d6i khi 1dn gdp nhiéu 1dn so vdi tai trong tinh. Gié tri va
str bi€n thién cia tai trong ddng phy thudc vio d6 dan hdi cla cdc khau lién két, vao
gia tri va sy phan b8 cda ciac khéi lugng chuyén dong trong co he, vao quy luat thay
ddi cac thanh phén tdi trong (lyc ddn d9ng va lyc cin cong tac). Trong hiu hét cac loai
may xay dung, dic biét 1a cac loai may nang, mdy lam d4t va gia ¢6 nén mong, sy xuit
hién dao d6ng va tai trong d0ng 1a ¢b hai cdn phéi nghién cuu, tinh todn triét ticu hoic
gidm 4nh hudng cda chung. Tuy nhién, trong mét s& loai may xay dung nhu ban rung
tdo hinh san phim bé tdng, mdy sang rung, bia rung... thi dao dong va tai trong dong
12 mot trong nhing yéu t& quan trong d€ thuc hién chic ning cong nghé ciia may.
Nghién ciru dong lyc hoc mdy xay dung va xac dinh thanh phan tai trong dong dugc
gidi thidu & cac chuwong 6, 7, 8, 9 va 10 ciia tai liéu nay.

1.3.3. Ché dé tdi trong tinh todn

Khi tinh todn may xay dung, dé ph&i hop da dang cac tai trong, ngudi ta phan biét
ba trudng hop tai trong tinh todn nhur sau:

Truomg hop I: Tai trong binh thudng & trang thai lam viéc phdt sinh khi miy lam
viec & diéu kién binh thuong. Tat ca cac tai trong déu duge xdc dinh vai gia tri trung
binh bao gdm trong lugng ban than may; tii trong gié trung binh & trang thdi lam viéc;
tai trong ddng trong qua trinh md& may va phanh ém diu; tai trong do d¢ doc trung binh;
lyc cdn cong tac trong may 1dy gia tri danh dinh theo cong dung cia may nhu tai trong
nang danh dinh d6i véi cac loai mdy nang, lyc cdn cdt va dao ddt d6i véi may lam dat
duoc tinh véi loai ddt ma may lam viée theo cong dung... Trong truong hop nay, cac
chi ti€t trong co cdu may duoc tinh theo strc bén mdi (theo gidi han méi), 4§ mon, tinh
cong sudt dong co va kiém tra phét nhiét cho thi€t bi dién. Cac chi ti€t khong quay
hoic khong chiu img suit thay ddi khi quay thi cé thé tinh theo sirc bén tinh v&i he s&
an toan bén cao.

Truomg hop II: Tai trong 16n nhat & trang thai lam viéc phat sinh khi may lam vigc
& didu kién niang nhdt, bt lgi nhat. Cac ti trong déu 14y vdi gia tri 16n nhat khi lam
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vige nhir lyc cén tinh cyc dai, tai trong dong lon nhdt xudt hién khi mé& méy va-phanh
dot ngdt, tai trong gidé lon nhat & trang thai lam viéc, tai trong do do doc 1¢n nhit cé
thé. Céc tri s& tai trong 16n nhét trong trang thai lam viéc thuomg gidi han béi nhing
didu kién bén ngoai nhu su quay tron hay trugt tron cia banh xe din dong, tri s6 momen
phanh 1&n nhat, momen gigi han cda khdp noi... Trong truémg hop nay céc chi ti€t trong
co cau va két cau kim loai dugc tinh theo sitc bén tinh. Ngoai ra truong hop tai trong
nay con dung dé ki€ém tra kha ning qua tai clia dong co, kiém tra én dinh mdy trong
trang thai am viéc va d€ tinh todn cac co cdu va thiét bi an toan ké trén.

Truong hop I Téi trong l¢n nhat trong trang thai khong lam viéc cia may dit ngoai
tro1, gdm trong luong ban than mdy, tai trong gié lon nhat trong trang thai khong lam
viéc va tai trong do do doc. Truong hgp nay dung dé tinh toan thiét bj phong gid, kep
ray, kiém tra 8n dinh may trong trang thai khong lam viéc.

§1.4. VAT LIEU VA CAC PHUONG PHAP TINH TOAN TRONG MAY XAY DUNG
1.4.1. Vit ligu thwing ding trong ché tao mdy xay dung

a) Cdc yéu cdu khi chon vdt liéu

Khi ché tao cdc chi ti€t, cum chi ti€t va két cdu kim loai may x&y dung, viéc chon
dugc loai vat ligu pha hop cho timg bo phan trong mdy khong nhitng gidm gia thanh
san phdm ma con gop phin 1am tdng do tin cdy va tudi tho clia may. Cac yéu cdu chung
khi chon vit ligu trong ché tao may xiy dung gdm:

- Khi chon vat liéu ché tao mot chi ti€t may cy thé, ngoai viéc dam bao do bén, do
c'mg cén thiét con cin phai chi y dén dic diém va diéu kién lam viéc cla chi ti€t may.
V'i du: doi vai chi tiét may chiu tai trong va tmg sudt thay déi trong qua trinh lam viéc
hi phai chon vat lidu c6 gidi han mdi cao; chi ti€t chiu tng sudt ti€p xic lén phai chon
vat liéu ¢6 tinh chiu mai mon cao...

- Phéi théa min cic yéu cdu vé trong lugng, khuoén khd va kich thudc cla chi tiét
may va toan may.

- Vit liéu phai cé tinh cong nghé thich dng véi phuong phdp gia cong va hinh dang
cda chi ti€t may. Vat lieu dung dé ché tao két ¢iu kim loai thuérng phai co tinh han
cao. Tuy theo phuong phip gia cong ch& tao chi ti€t ma phai chon vit liéu phd hop véi
cong nghé ch€ tao nhu rén, dap, duc, gia cong cit got, nhiét luyén...

- Vit liéu phai sdn c6, thong dung, dé tim va cé tinh kinh t& cao, gia thanh san
phidm ha.

b) Vat liéu thuong dung trong ché tao cdc chi tiét, cum chi tiét mdy xdy dung

Trong ché tao may xay dung sir dung rong rai cic loai gang, thép cacbon, thép hop
kim, kim loai miu va céc loai vat lieu khéc.

Thép cacbon va gang 12 hai loai vat ligu phé bién nhat trong ch€ tao may xay dung
do ching cé do bén, do cing cao va dic biét 12 ré tién va dé kiém. Dé ting co tinh cla
vat liéu, ngudi ta dp dung cac phuong phdp nhiét luyén, héa nhiét luyén, co luyén.
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Thép cacbon chat lugng thudong dugc chia lam ba nhém A, B, C. Thép cacbon nhém
A la loai thép dugc ddm bio vé co tinh, khong dam bao vé thanh phin hoé hoc. Ki hiéu
cta thép cacbon nhém A nhu sau: C10, Crl, C11Kn, Cr2, C12Kn, Cr3, C13Kn, Cr4,
Ct15, C16, C17 (trong ki hiéu Kn - chi thép soi, khong c6 ki hiéu nay - chi thép ling).
Thép cacbon nhém B (ki hiéu ciia Lien X0 12 b) ddm bdo vé thanh phdn héa hoc ma
khong didm bio vé co tinh nén khong dugc diing trong ché tao may. Thép cacbon nhém
C (ki hidu cGa Lién X0 12 B) ddm bdo c& vé co tinh 14n thanh phin héa hoc.

Thép cacbon chit lugng cao, thudng goi la thép co khi, gom cédc loai thép 20, thép
35, thép 40, thép 45 dugc ding phd bi&n d€ ché tao cac chi tiét trong bo truyén co khi
nhu banh ring, truc truyén, bu long, dai 6c...

Trong ché tao may xay dung dung kha phd bi€n cac loai thép hop kim va thép két
c3u hop kim thdp. Ki hiéu cic loai thép nay phu thudc vao thanh phan héa hoc cha né
v&i c4c chir sau ki hiéu thép : I' - ming gan; X - crom; H - niken; .1 - ddng;... Cac chit
c6 trong thép véi ham lugng dudi 0,3% déu khong ghi vao ki hiéy thép. Thép hop kim
thdp so v&i thép cacbon c6 do bén, dd cing cao hon, tinh chéng gi cao hon song nhay
cdm hon véi tap trung ung sudt va dit tién hon.

Kim loai miu nhu ddng, k&m, chi, nhom, thi&c cing duoc st dung trong ché tao may
xay dung va thuong dugce diung dudi dang hop kim nhu ddng thanh, déng thau, babit,
duyara... Do cdc hop kim nay d3t va khong sin c¢6 nén ngudi ta chi dung chiing khi cé
yéu cdu dic biét nhu k&t ciu nhe, chdng gi, gidm maséit vd mai mon trong céac & trugt...
Cac loai vat ligu thuong dung trong ché tao céc chi ti€t va cum chi ti€t may xay dung
cho trong bang 1.3.

Ngodi ra, trong ché tao may xay dung con st dung céc loai vat liéu phi kim loai nhu
gb phip, da, cao su, amiang, chit déo dé 1am bang van chuyén, dai, gioing lam kin, ma
phanh, dém dan hoi gidm chéan...

Bang 1.3. Vit liéu thuwong dang trong ché tao chi tiét miy xay dung

Vat lieu Bo phan hodc chi ti€t mdy
1. Thép cacbon chdt
lwong thudimg:

Cr0 (jng 16t, vong dem, lat san, ndp va céc chi tiét it chiu luc

Cr3Kn Céc tdm, v6, ndp vong bi, cdc 6ng 16t va tang han, puli

Cr3 Tang, tay don phanh, xich han, méc treo thudng va cac chi tidt ciia
hdp méc treo.

Crd Dai 6c chan trong hop moée treo, bu long, vit cdy, cc chi tigt khong
han nhumg yéu cdu do bén va do cing Ién hon Cr3.

Cr5 Truc co cdu di chuyén, nta khép néi, bu léng chiu cit trong khdp
ndi, moay o cia tang, ray vudng, puli, truc tang va banh xe chiju ti
nhe.

Cr6 Céc chi tiét trén (d6i voi C15), then, chdt, cdn ddy cda phanh, banh
tya trong thiét bi tya quay.
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Bang 1.3. (tiép theo)

Vit lidu Bo phan hodc chi tiét may

2. Thép cacbon chdt

luong cao:

Thép 20 Méc treo rén, thanh kéo, ma cip trong thiét bj ciip vét, tay don, khdp
ndi, ddm ngang va cic chi tiét trong hop méc treo, cic chi ti€t cdn
héa cimg bé mat bing phuong phap thdm cacbon.

Thép 35 Truc va truc truydn co cfu di chuyén, bu 16ng chiu cdt trong khép
noi, thanh kéo, ddm ngang, puli, moay « cia tang chju tai ning.

Thép 40 Truc cia tit ca cic co cdu, buldng cuomg d0 cao ldp & vi tri quan
trong, &ng 161, khép noi.

Thép 45 Céc chi tigt nhu & thép 40, truc tam, banh ring, truc lién banh rang,
banh phanh, chdt khép n6i va phanh, ¢ chdn, banh tya va con lan
trong thiét bj tya quay.

Thép 75 Bénh xe di chuyén trén ray, cé yéu cdu nhiét luyén dé dat 4o cing

bé mit cao.

3. Thép hop kim
Thép 651

Thép 40X va 45X

Béanh xe di chuyén trén ray (nhu thép 75), dém vénh, banh tya trong
thi&t bi tira quay, cac loai 16 xo it 1am viéc va khong quan trong.
Tryc 1am viéc nang, truc 1ién banh ring, truc vit, dia xich, banh ring,
khdp ndi ring, ray din hudng.

CY 28-48 va CY 35-56

Thép S0I' Cac chi ti&t chiu mai mon, dfa ma sat, banh ring con, truc lién banh
ring, ray cia thiét bj tya quay.

Thép LUIX 15 Vanh cda thiét bi tya quay va cac vong bi phi tieu chudn.

Thép 60C2 L& xo cac loai phanh va 10 xo quan trong lam viéc néng.

4. Thép dic

Thép 35J1 Cac bloc may, vo hop gidm 8¢, u chdn, tang va moay o tang, puli,
tay ¢on phanh ma.

Thép 55J1 Banh riang, banh phanh, banh tya cda thiét bj tuva quay.

5. Gang xdm

CY15-32 Puli (chiéu day thanh puli dudi 15mm), cidc bloc mdy, vé hop giam
tdc va ndp.

CY18-36 Puli, tang, vé va ndp hop gidm t&c, banh phanh, dia xich.

Puli, tang, bldc mdy, vd va ndp hop gidm tdc cé yéu ciu d6 bén cao.

6. Hop kim nhém
All 5 va All 11

Cé4c bl6c may, vo hop gidm tdc cé do bén cao, v may cla paling
xich kéo tay va paling dién

7. Hop kim déng
bp. OLIC 5-5-3

bp.O® 10-1

bp. AXK 9-4 va
bp. AXKH 104-4-4J]

Bac truot (4p lyc < 100kG/mm?, t6¢ d¢ trwgt < 2m/s), vanh rang ciia 1
béanh vit, bdnh rang con. ‘

Vanh rang banh vit quan trong 1am vi¢c ndng, bac trugt (dp huc <
200kG/mm?, v < 3m/s).

Bac trugt 1am viéc véi truc thép cé dd cimg cao, banh rang con va
vanh ring banh vit &n khdp v&i tryc vit da nhigt luyén véi d9 ciing cao.

Ghi chii: Trong bang 1.3 mot s6 chi 1iét ¢ thé dugc ché tao bdng nhiéu logi vat ligu. Tuy theo
diéu kien lam vigc cu thé, chdr lupng va didu kién vir tu ma cé thé chon loai vat ligu phu hop.
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c) Vat liu dung trong ché tao két cdu kim loai mdy xdy dung

K&t cdu kim loai may x4y dung, dic bigt la cdc loai may I6n nhu méy nang, may
1am d4t, chi€m mot phan kim loai rit 1on, khodng 60-80% khdi lugng kim loai toan bd
may. Vi th€ viéc chon kim loai thich hgp cho két cdu kim loai d€ sit dung ching mét
cich kinh t&€ nhat 12 rdt quan trong.

K&t cdu kim loai clia may xay dung gém céac thép tdm va thép hinh n&i véi nhau
bing han hay bing bu long, dinh tan. Vi m&i ghép han gia cong nhanh va ré nén dugc
dung rong rai hon.

Céc loai thép hinh, thép tdm dang cho k&t cdu kim loai cda may xay dung cé thé
duge ché tao bang thép cdcbon, thép két cdu hop kim thip hodc hop kim nhom.

Thép cacbon cén néng chat lugng thudng nhém A va C 1a loai vat lieu dugc diung
phd bién nhat d€ ché tao ket cdu kim loai may xay dung. Céc thanh chju tai trong trong
k&t cdu kim loai médy xay dung thudng ding thép Cr3, BCt3, Ct3Kn, BC13Kn v4i lugng
hru huynh khong qud 0,05%, lugng phdt pho khong qua 0,045%; tng lugng crom, niken
va d6ng khong qué 0,6%. Dai v6i cac bo phan phy, khong chju tai, san 1at, lan can bao
vé, cdu thang, cabin. .. dung thép C10, Crl, Cr2.

Dé gidm khoi lugng két cdu kim loai clia may xay dyng, nhdt 1a céc méy ¢6 trong
tai 16n, cac thanh chiu tdi thudng duoc ché tao bing cédc thép két cqu hop kim thap
10XCH,1, 10XI"CH]I, 15XCH]I, 09T"2C, 10I'2C1. So v&i thép cacbon Cr3 cac loai thép
nay c6 wu diém 1a 49 bén cao, tinh ch6ng 4n mdn & ngoai trai 16t song dét, cé do nhay
I6n d0i vei sy tap trung ng sudt va cac thanh d& mat 6n dinh. Vi vay khi ding thép
hop kim thdp cin 4p dung nhing bign phap két cdu va cong nghe hop 1i dé gidm he s@
tap trung ing suft.

Dé gidm khdi lugng két cdu kim loai ca may ngudi ta con ding hgp kim nhom. So
v&i thép cacbon, hgp kim nhom cé khdi lugng rieng nhé hon tir 2,8 d€n 3 14n; co tinh
kha cao, gdn bang thép Cr3; tinh chdng in mon cao. Tuy nhién, hop kim nhéom cé
mddun dan hdi thdp (khoing hai ldn nhd hon thép) lam tang bi€n dang dan hdi va chu
ki dao dong cla k&t c{u ddng thdi gidm tri s§ ing sudt t¢i han. Vi vay cédc thanh ché
tao bing hop kim nhdm cén c6 ti€t dién dang hop hoic 6ng va d€ ddm bio do cing
cin thi&t cda ddm bing hop kim nhom, chiéu cao ddm cén ldy 20 - 30% 16n hon chiéu
cao ddm tuong tmg bing thép.

1.4.2. Phwong phip tinh cdc chi ti€t va cum chi ti€t mdy xay dung

Tinh todn céc chi ti€t may xay dung theo sirc bén mdi va sitc bén tinh cho cac trudng
hqp téi trong tinh toéan I, II, III néu trong muc 1.3.3 dugc xudt phat tir phuong trinh co
ban sau:

Onh

05[0]=[n] ;
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Trong dé: _

o - itng sudt 16n nh4t tic dung trong chi ti&t, cé tinh d€n tap trung dng sudt, trang
thai bé mit, tinh chat ldp ghép, N/mm?;

[o] - tmg sudt cho phép ddi vai chi tiét, N/mm?;

G, - Ung sudt nguy hiém cida vat lidu, d6i v&i trang thai cing cu thé 1dy theo gidi
han bén o, gidi han chdy o, hodc gidi han mdi o_,, tily theo trudng hop tinh, N/mm?;

[n] - hé s6 an toan thdp nhit cho phép.

Trong may xay dung, ngudi ta thudng dung phuong phdp tiach thanh phén dé xac
dinh cdc ting sudt cho phép, trong d6 hé s an toan [n] dugc xdc dinh thy thudc vao
mirc ¢ quan trong cia chi ti€t va ché do 1am viéc cda co ciu, dic tinh tdi trong...

Tuy nhién, trong ting trudng hop tinh, khong phai bao gid cong thirc tinh cling ¢6
dang nhu phuong trinh co ban néu trén, Dudi day néu mot s6 cong thire thudng dung
trong tinh todn chi ti€t may xay dung theo siic béa tinh va stic bén mdi.

a) Tinh theo sikc bén tinh

Phép tinh chi ti€t may xay dung theo sic bén tinh dugc ap dung cho trudng hop tinh
IT va III, khi c4c thanh phdn tai trong tic dung 1én chi tiét dat gia tri 1én nhat.

- D&i vai vat ligu gidn 1dy gidi han bén lam ung sudt nguy hiém:

Gy,

*

[n]

o< [o] =

't'<['c]—i

[n]
- bai vgi vat lieu déo, k& ca khi chi ti€t chiu tai trong tinh hodc tdi trong va dap,
lay gidi han chdy lam udng suit nguy hiém:

_ 0-ch
< - T
cell=a

- PB8i v6i trang thai cang phirc tap 6 tac dung ddng théi cda ng sudt phap o va
ing sudt ti€p t, c6 thé ap dung cdc thuyét bén trong "Sirc bén vat lieu". P6i véi chi
ti€t lam tir vat ligu gion hodc déo, vi du nhu tang cudn cap, c6 thé st dung thuyét bén
Mo. Thong thudng ngudi ta xac dinh dng suit twvong duong 1én nhdt tac dung trong chi
tiét theo cong thire:

oy = Voo + 30

Trong trudng hop khong cé so lidu va d€ tién cho phép tinh thuc t&, ¢6 thé sit dung

cac quan heé gin ding theo cdc cong thic kinh nghiém cho & bang 1.4 d€ tinh 1,

Tepy T
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Bing 1.4. Quan hé gan diing giita cdc diic tinh bén co ban cia kim loai

Dac tinh bén Log;nbgtén Thép cacbon Thép hop kim Gang
Gidi han bén|  xo4n 1, = 0,60, Ty = 0,60 -
Kéo | o5 ~0,530, | o5 =~ (0,65+0,75) o, -
Gl(:(:;;an Usn Gen = 1,204, oty = 1,10k, -
Xodn |1, ~ 0,63c%, 1, ~ 0,60} B
Kéo |c*, = 0360, o, = 0360, 6%, = (0,35 + 0,45) oy,
Gi¢i han mdi| Udn ¢’ = 0435, o!, ~ 0430, o', = 0,220,
Xo#n 1, =022 o 1, = 0,220, 1, = (0,75 + 0,9) ¢,

Chi thich: ook — gi¢i han bén kéo; ooy — gidi han bén udn.

b) Tinh theo sic bén moi

Phép tinh chi ti€t may xay dung theo
sirc bén méi dugc dp dung cho trudng hop
tinh I, tai trong lam viéc gay nén ng sudt
thay ddi theo chu ki trong chi tiét. Trong
truomg hgp chung, sy thay déi @ng sudt
theo chu ki trong chi tiét dudi tac dung cha
tii trong thay ddi dugc biéu dién trén hinh
1.2, Truedéng hop G = - Omin 13 trudng
hop ung suit thay ddi theo chu ki d6i
xtrng, con khi o,,, = 0 1a trudng hop ung
sudt thay ddi theo chu ki mach dong.
~ Viéc tinh todn cac chi tiét theo stic bén
mdi thuong duge ti€n hanh theo tii trong
twong duong, tirc la tai trong cé tic dung
pha hdng chi tiét frong thdi han phuc vu.

Tai trong tuong duwong durge xac dinh theo cac d6 thi gia tdi co cdu theo thdi gian.
Nhitng d6 thi nay dugce xdy dung trén co s& quan sit ch€ do lam viéc thyc t€ cla co
cdu. Trong trudng hop khong c6 d6 thi gia tai thyc, c6 thé dang cac dd thi trung binh
da duoc xay dung theo kinh nghiém s dung may cho trong céc tai lidu chuyén nganh.
D6i vai ché do rit ning va rit ning lign tuc tai trong xem nhu khong thay déi va bing

tai trong danh dinh clia may.

Trong trudng hop tinh todn so bo chi tiét theo sitc bén méi, c¢6 thé dung phuong trinh

=

§

Hinh 1.2: Ung sudt thay doi
theo chu ki trong chi tiét:
Omax. Omin — t#ng sudt lon nhdt, nhé nhdt;
oy — ting sudt trung binh; oy ~ bién d6
wng sudt rrong chu ki.

kiém tra bén co ban néu trén va tinh wng suit cho phép nhu sau:
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- Trudng hop ung sust thay ddi theo chu ki ddi Xxing (Gpax = - Omin)? |
o
(o] = ;
[n]k,
[ = —
1] = .
[n].k,
- Truémg hop (ng sudt thay d6i theo chu ki mach ddng (o, = 0):
(o] I, 40,
c] = ;
[nl.k
1,41,

[n}k, '

[t] =
Trong d6:
o1, T.; - gidi han mdi cla vat liéu, co thé tinh gdn ding nhu trong bang 1.4;
ki, k, - he s& tinh d&n tap trung tng suft va cdc nhan t8 khiac anh hudng d€n sic
bén mdi cla chi ti€t, gid tri cda ching ¢6 thé 1dy theo bang 1.5.
[n] - hé s an toan cho phép, cédch tinh [n] cho trudng hop nay va cho trudong hop
tinh theo sitc bén tinh duoc trinh bay & muc sau.

Bang 1.5. Hé s6 k|, k, dung trong phép tinh so bo theo sitc bén méi

Dic diém chi tiét k, va k,
Chi ti&t bing thép, b& mit c6 gia cong 1,3+ 1.6
Chi tiét bing thép, b& mit khong gia cong 1,620
Truc. ngdng tryuc:
- O chd s& dit then hodc c6 gée hrgn 20+ 2.8
- O ché cit ren, khi chiu kéo va chiu udn 35+ 45
Banh rang:
- Sau thuong héa hodc toi thé tich rdi ram 1,5
- Ta1 bé mit ' 1,8
- B& mit dugc xémentit héa (thdm cacbon) hoic nito héa 1.2

Khi tinh todn chi ti€t may x4y dung theo sttc bén mai, hé s& an toan [n] khong xac
dinh nhur trudng hop tinh theo strc bén tinh va trudng hop tinh toan so bd néu trén ma
duoc xdc dinh tir biéu d6 ng sudt gidi han theo cic cong thirc sau:

Khi ud S
- Khi udn: n, = ;
a 0',_1 k
) G( . Gn
O, Es B
. . T’_l
- Khi xoéan: n, = ;
Tt k T
t " ta
Ty &, B
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- He s& an toan chung trong trudng hgp chi ti€t ddng thoi chiu uon va xodn:

Trong dé:

G, T, - bién do ung sudt trong chi tiét;

o, T, - Ung sudt trung binh trong chi ti€t:

Omax + Cmin ) Omax ~ Fmin
2

Gy, Tp - £i01 han bén khi udn va khi xoin;

O, =

kg, k; V2 €g, €.~ cdc he sO tap trung ing suadt va hé so kich thudc tuyet doi, so ligu
cla ching c6 thé ldy trong cédc bang tinh todan "chi ti€t may";

B - hé s& tinh dén 4nh hudng dd nhin bé mit gia cong chi ti€t. Voi bé mat dugc mai
B = 0,9; gia coOng tinh = 0,85; gia cong tho § = 0,75; khong gia cong p = 0,65;

c',. T’ - gidi han mdi itng véi s8 chu ki 1am viéc thyc t&€, phy thudce vao ché do
lam viéc cha chi tiét;

, s [10
o ,=0oc,k=0o,.\/7 ;
td
7
, 8 {10
T a1 = T_l.k = T-l . N
Zm

8 / 10’ o e
k = Z_ - hé s0 thdi gian lam viéc cda chi tiét;
td

Z, - 86 chu ki chju tai trong duong ciia chi tiét;

61, 1., - gi6i han mdi dai han cha vat lieu, co thé tinh gin ding theo cic cong thic
& bang 1.4.

c) Hé s6 an toan

He s& an toan cho phép [n] dung cho phép tinh theo sirc bén tinh va phép tinh so bd
theo sirc bén mdi dugc xac dinh bing tich s6 cda ba thanh phén:

[n] = ng.npn,
Trong do:
n, - he so tinh d&€n anh huéng cac khuyét tat ben trong vat liéu dén sic bén mdi cla
chi ti€t, doi véi vat dic bing thép n, = 1,3; vat cdn hoic rén n, = 1,1; khi tinh theo sirc
bén tinh thi n, = 1,0;

n, - hé s0 an toan phy thudc vao mic d¢ quan trong ciia chi tiét va co cdu (bang 1.6);

24



n, - hé so tai trong, tinh dén ché d9 1am viéc cua co ciu, tai trong quan tinh khi mé&
may va phanh, tinh chat tai trong... Trong bang 1.7 cho s& liéu n, dung cho trudmg hop
tinh toéan 1. B&i vdi trudng hop tinh toan II va III thi 14y n, = 1,0.

D#6i véi cac chi ti€t chiu tai trong va dap, tai trong dot bién thi c6 thé 14y chung
n,.n, = 1,15, khi tinh theo gidi han chdy cia vat lieu déo: [c]} = 6.,/1,15.

Bang 1.6. Hé s an toan n,

) ; Trudng hop tinh
Loal co ciu
I II

Co cdu nang:

Quay tay 1,2 1,1

Dén dong may (ldy tuy theo loai may) 12+ 1,5 11+13
Co céu di chuyén trén ray 1,2 1,1
Co cdu quay 1,2 11
Co cu thay d6i tim voi (nang ha cdn) 1,4 1,3
-Cac loai co ciu quay tay (trir co ciu nang) 1,0 1,0
Co cdu giam x6¢ - 1,15

Bing 1.7. H¢ s6 tii trong n, dung cho truéong hop tinh todn I

Ché do lam viéc cla co ciu n,
Quay tay . 1,0
Ché& do nhe (Nh) 1,0
Ché& d¢ trung binh (T) 1.1
Ché& d6 nang (N) 1,2
Ché d¢ rdt nang (RN), rat nang lién tyc (RNL) 1,3

1.4.3. Phuong phip tinh két cdu kim loai mdy xay dumg

Khi tinh todn két cdu kim loai may xay dung cin phai tinh d€n tac dung cla céic
thanh phan tai trong 1én két cadu kim loai nhw: tai trong thudng xuyén, tai trong di dong,
tai trong quan tinh (tai trong ddng), tai trong gié... Cac thanh phin tai trong néu trén
phdi hop véi nhau trong cac trang thai 1lam vigc bt lgi cia may dugce goi 1a céc té hop
tai trong tinh todn. Cach xdc dinh cac thanh phdn tai trong va cac té hop tai trong tinh
todn tuy thudc vao loai may va dugc gidi thiéu trong cic tai liéu chuyén nganh nhu
mdy nang, mdy lam dit, may san xudt vat liéu xay dung va k&t cdu kim loai may
xay dung.

Hién nay k&t cdu kim loai mdy xay dung duoc tinh todn bing nhiéu phuong phap
nhir: theo ng suit cho phép; theo trang thai gi¢i han; phuong phap phian tit hiru han.
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Khi tinh toan két cdu kim loai theo ung sudt cho phép ta dat két cdu vao trang thai
lam viéc dudi tic dung cia tat ca cac tai trong. Didu kién bén trong trudmg hop nay
dugc xac dinh theo cong thic:

Omax < [O]

Trong d6:

Gmax - Ung sudt 1on nhat trong k&t cdu kim loai;

{o] - ¥ng suit cho phép.

P61 vai vat lieu déo:

Trong do:

O, - gidi han chdy cia vat ligu,

n - he s0 an toan, phu thudc vao ch€ do lam viéc cda k&t ciu va truong hop phdi
hop ti trong (t6 hop tdi trong tinh toan).

Phuong phédp dng sudt cho phép c¢o thé dugc thuc hién theo mot trong hai phuong
an phdi hop tai trong sau: ‘

- K&t cdu dugc tinh todn theo diéu kién bén dudi tic dung cla céc tai trong chinh;
cda cdc tai trong chinh va cac tai trong phy. Trong mot s& truong hep cdn phai kiém
tra thém theo diédu kién bén mdi.

- Két cdu dugce tinh todn theo diéu kién bén moi dudi tic dung cla ti trong tuong
duong (truong hop tai trong I) va theo didu kign bén dudi tac dung cda tai trong lén
nhat trong trang thai lam viéc (truomg hop tai trong II). Mot s§ may lam viéc ngoai trdi
can phai kiém tra bén dudi tic dung cida tii trong Idn nhdt trong trang thai khéng 1am
viéc (truong hop tai trong III).

Phuong phap tinh theo ung suit cho phép ¢6 nhugc diém co ban 1a khong xét dén
bi&n dang déo c6 thé c6 & két cdu va coi két cdu hoan toan mat kha ning chiu tai khi
chi ¢6 mot diém cda k&t cdu & trang thii nguy hiém. Trong khi d6 vat ligu dung trong
két c4u kim loai chd yé&u a vat lidu déo nén trong nhiéu trudmg hop, tuy cic diém trén
mot hay nhidu mat cit d4 dén gi¢i han chay song k&t cdu van con khd niang chiu tai.
Do d6 tinh to4n theo 1ng suit cho phép thudng khong dugc tiét kiém va khong cho stic
bén déu gita cac bd phan cda két ciu.

Phuong phap tinh theo trang thai gidi han hay tai trong pha hoai c6 xét dén sy lam
viec thyc t€ cia vat lidu & ngoai gidi han dan héi, két cdu kim loai khong dat trong
trang thai 1am viéc ma dit trong trang thai giéi han, tic 12 trong trang thai k€t cdn mit
kha ning chju tdi, khong thé 1am viéc binh thuéng dugc nira, hoic cé bi€n dang qua
mirc, hoic do phat sinh cdc v&t mit. Do d6 tinh toan theo phuong phéap nay tiét kiém
hon phuong phap ng sudt cho phép. Tuy nhién, ddi véi yeu cdu clda mot so két ciu,
tinh theo trang thai gi¢i han d6i khi dua dé€n nhimg bién dang twong ddi lon, vugt qua
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mitc cho phép. Chinh vi vy ma khi tinh theo trang thai gi¢i han, cin phéi xét hai trang
thai gidi han sau:

+ Trang thdi gidi han thit nhdt: K&t c&u mat kha ning chju tai nhu khong dd bén,
mét 8n dinh, két cdu bi€n d8i hinh dang (bi&n dang vinh vién).

+ Trang thdi gioi han thit hai: Dugi tac dung cla cac tai trong tinh hodc tai trong
dong, két cdu tuy vdn ddm bao di bén va dn dinh song c6 bién dang hoic dao dong
virgt qua muc cho phép.

Diéu ki&n an toan cila trang théi giGi han thir nhdt duge xac dinh bﬁng cﬁng thirc sau:

ZN.n;

Omax = E smR ;

Trong dé:

N; - ndi lye trong k€t cdu dudi tic dung ctia cac thanh phén tai trong tigu chufn trong
nhirng t& hop tai trong bdt lgi nhat;

n; - hé s6 vuot tai (n; > 1),

F - dac trung hinh hoc chia phin t& cin tinh trong k&t cdu (di¢n tich ti€t di¢n mat
cit, hoiic mémen chdng udn);

m < | - hé s§ diéu kién lam vigc tinh d€n cic didu kién Anh hudng xau d€n qua trinh
lam viéc cOa k&t cdu nhu moi truong khic nghiét, ch€ do tam vigc ning nhoc...;

R = o.. I - cudng dO tinh todn cia vat ligu;
- gidgi han chdy cila vat ligu (cudong do tiéu chuin);

N < 1 - he s& ddng chat cda vat ligu, tinh d€n kha nang gidm gigi han chdy so véi
gia tri tieu chuén.

Diéu ki¢n an toan cia trang thai gidi han thir hai duge xac dinh bing cong thite sau:

f f
1=l

hodc < [t] .

Trong d6:

/1 va [f/I] - gi4 tri tinh to&n v gi4 tri cho phép clia ti s& gitta bien dang hoac chuyén
vi va kich thude hinh hoc clia két cdu trong nhing t6 hop tai trong bAt lgi nhat;

t va [t] - gia tri tinh todn va gia tri cho phép cua thoi gian dap tdt dao dong.

Phép tinh chinh 12 phép tinh theo trang théi gi¢i han thu nhat con phép tinh theo
trang thai gi¢i han thit hai thudng 12 phép tinh kiém tra. Khi tinh todan két cau Kim loai
theo trang thai gi¢i han thir nhat, cac phuong an phéi hop 1ai trong cing dugce thuc hién
tuong tu nhu khi tinh theo tng sudt cho phép néu trén.

So sénh cach tinh cda hai phuong phip ta thidy phuong phap tinh theo (ng suit cho
phép chi tinh dé€n mot hé s an toan n, con phuong phdp tinh theo trang thdi gidi han
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tinh dén ba h¢ s6 n;, n va m. Do d6 phuong phap trang thai gidi han cho phép tiét ki¢m
vét lieu hon va k&€t cdu ¢ d6 bédn déu. Tuy nhién phuong phéip nay chua duge hoan
chinh d€ c6 thé tinh k&t cdu kim loai cda tdt ci cac loai mdy xay dyng. Cach xac dinh
chc he s& trén (d6i voi ca hai phuong phap) cho ting truong hep tinh cu thé dugce gidi
thiéu trong gido trinh "Ké&t cau kim loai may xay dung".

1.4.4. Tinh todn hi¢u suit trong mdy xiy dung

Khi xac dinh cac tai trong tinh todn theo xich d¢ng hoc cia co cdu, cin phai tinh
dén cac tdn that ma sat trong cic khau truyén dong, bing cach dua vao cac tri s6 hiéu
sudt cla cdc bd phan.

Khi xdc dinh tai trong tic dung 1én bd truyén, 1én truc, khi chon d0ng co can xuidt
phét tir tri s6 nhd nhdt cé thé cda hieu sudt (tdn thdt do ma sat 1a 1én nhit cé thé), con
khi xdc dinh mOmen phanh thi nén xuft phat tir nhimg tri s& hiéu suit lén nhat co thé.
Trong bang 1.8 cho céc so lidu vé hiéu sudt ciia cidc bd phan chi y&u cia may.

Higu sudt cia he tay don dugc tinh bing tich s& cla cdc hiéu sudt cia méi bén 1.
Hiéu sudt cia mdi bin 1& x4c dinh theo cong thic:

_bfa-rf)
n= a(b+rf) ’

Trong do:

r - ban kinh ban ié;

a, b - phin tay don 16n va nhé;

f - he s& ma sit trong & trirgt, 14y theo béng 1.9,

Trong truong hgp dung 6 14n, cé thé 14y hé s6 ma sat nhu sau: O vi £ = 0,005; 6 daa
f = 0,008; 6 dda con f = 0,02.

Bang 1.8. Hiéu suit cdic bd phin cda cdc co ciu mdy

Cic bd phén n
.' O truot 0,94 + 0,96
Tang va puli cdp 3 lan 0,96 + 0,98
Cac tryc trung gian 6 trugt 0,95 + 0,97
4 lan 0,97 + 0,99
Dé’ hé& C? Lrugt 0,93 + 0,95
’ 4 1an 0,95 - 0,96
gﬁ’ "’l‘gé" cb::g YA€ C6 5 che, boi tron 3 truot 0,93 + 0,95
tryc, 8 P bing mo 0 lan 0,96 + 0,98
Trong hop kin, c6 bé O trugt 0,95 + 0,97
ddu 0 lan 0,97 + 0,98

28



Bang 1.8. (tiép)

Cac bd phén n
; O truot 0,92 + 0,94
Bo truyén banh peho O 1an 0,93 + 0,95
rang non Cé vé che, boi tron | G trugt 0,92 + 0,94
bing m& O lan 0,94 + 0,96
Bo truyén truc vit Véi mdt moi ren 0,5+075
V&i hai méi ren 0,75 + 0,80
Khap ring (cé didy ddu bdi tron) 0,99
V&i bo truyén O trugt 0,75 + 0,8
Co cdu nang banh ring O lan 0,8 + 0,85
Vi bo truydn truc vit 0,65 + 0,70
Co c4u di chuyén Vi bd truyén 6 troat 0,75 + 0,85
tran ray banh rang 4 lan 0,80 + 0,90
Véi bd truyén truc vit 0,65 + 0,75
V6i bo truyén O trugt 0,70 + 0,80
Co cdu quay banh rang * Olan 0,75 + 0,85
V&i bo truyén truc vit 0,50 + 0,70
Bang 1.9. Hé s& ma s&t cia § truot
Ma sat kho (khong | Ma st nita kho (boi | T8 S4t nia udt
vat ligu boi trom) | tron khong ddy gy | (44m bo di
! g ¢y boi trom)
Thép trén thép 0,15 0,10 0,06
Thép trén gang 0,12 0,08 0,05
Thép tren ddng thanh 0,10 ° 0,07 0,04
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Chuong 2
HE THONG DAN PONG TRONG MAY XAY DUNG

§2.1. KHAI NIEM VE HE THONG DAN PONG TRONG MAY XAY DUNG

He théng din dong trong may xay dung bao gém thi&t bi dong luc, hé truyén dong
va hé diéu khién dé€ dua cic co cdu mdy va thi€t bi cong tac vao hoat dong.

Thiét bi dong luc ¢6 nhiém vu tao ra co nang tir cac ngudn ning lwong khic nhau.
Cic thi&t bi cda may va co cdu may thyc hién cdc chitc nang nay 1a dong co dién, dong
co dat trong, dong co thiy lue, dong co khi nén, tay quay, don biy, thi€t bi phanh (co,
dién, thiy luc).

Hé truyén dong c¢6 nhiém vu bi€n ddi co ning do thiét bi déng luc tao ra thanh ning
lugng truyén thich hop, diéu khién va phan phdi niang lugng truyén d6 dén céac co cdu
va b phan cong tic. N6 cho phép bién déi t6c do, lyc va mdmen, doi khi bién ddi
dang va quy luat chuyén dong. S& di phai diing hé truyén dong 1am khau ndi gitra thiét
bi dong lyc va bd phan cong tac ciia may 1a vi nhimg 1i do sau:

a) Cén phan phdi nang lugng tir mot dong co d€n nhiéu co cdu va thiét bi cong tic
vl khodng cach va vij tri khac nhau trén may.

b) Tao cho cdc bd phan cong tac co dang va quy ludt chuyén dong khiac nhau (quay,
tinh tién vdi toc do khong d6i hodc thay ddi theo mot quy luat nao do) trong khi dong
co thyc hign chuyén dong quay déu. Trong may xay dung, dé khic phuc lyc can cong
tac c6 gia tri 16n, hé truyén dong thudng dung dé gidm tdc dd va duong nhién luc truyén
tir dong co dén thi€t bi cong tic tang len.

Co ba dang truy&n dong Khic nhau: truyén dong co khi (vi du cdc bo truyén banh
rang, truc vit banh vit, b truyén dai, xich, khop néi v.v...), truyén ddong dién (may phat,
day din, dong co) va truyén dong

thiy lyc (bom, dudng ong din, dong & =@

co thiy lyc). , a

Vi du hinh 2.1 trinh bay ba dang ” p é: - =®
truyén dong co ban ké trén cho co cdu =
nang. Mdi loai cé mot dic tinh, mot ?

pham vi tng dung riéng. Cac chi tieu
dé lya chon loai hé truyén dong la:

oM T

o
- Céc thong so ki thuat nhu cong
Hinh 2.1: So do hé truyén dong

S}]a[‘ toc d9, dac tinh Cf]éu khlén: da.c a) Co khi; b) Dién; ¢} Thav luc; M ~ Pong cor dien;
tinh dong luc hoc, kha nang qua tai, Ge ~ Hop giam téc; T - Tang cubn cdp:
mdi truong, kha nang ty dong hoéa. DM — Déng ca diézen; G — Mdy phdr diégn.
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- Céc chi tigu vé kinh t&€ nhir: khoi hrong, gia thanh, chi phi san xuit, 4o tin cay, chi
phi cho bao duéng sita chita may.

Truyén dong co khi 1am viéc tin cdy, chic chdn, ¢é cdu tao don gian, khong cé yéu
cdu cao vé chuyén mén trong van hanh, bdo dudng, sira chita song ¢6 nhugc diém 1a
¢o khdi lugng 16n, kho thye hién vigc phan ph6i nang lugng dén noi xa dong co dan
dong. Tuy vay né van dugc sir dung rong rai trén may xay dung.

Linh vuc dp dung chd y€u cia truyén dong dién va thiy lyc l1a trén cdc may dugc
din dong bing dong co dot trong. Do nhiéu 1an bi&én ddi ning lugng nén chi phi trong
cac dang truyén dong nay ting cao, hiéu sudt truyén dong chung gidm. Uu diém cda
cdc dang truyén dong nay 1a dé dang thuc hién viéc phan phoi ning lugng dén moi vi
tri trén may véi kich thudce va khdi lugng nhd. Co khi ning diéu khién va diéu chinh
chinh xac. Ngay nay truyén dong dién va truyén dong thdy luc ngay cang dugc ing
dung réng rai.

Tir cac dang truyén dong trén, ¢6 thé chia hé thong din dong trén mdy xay dung
theo ba dang sau:

1. Ddn dong chung:

Trén may c6 mot dong co thong qua he thong truyén dong co khi nhir li hep, hop
$6, khop ndi, tryc truyén, dai, xich v.v... truyén lyc cho cdc co cdu cong tic. Hé thong
din dong nay c6 nhuge diém 1a khi dong co hdng thi tat ca may phdi ngung hoat dong,
hiéu sudt truyén dong cia hé théng thip.

2. Ddn dbng riéng:

Trén may cé nhiéu dong co cung loai, thuong la dong co dien. Méi mot dong co giw
mot chirc nang cong tac cia may. Cach bo tri nay gidm duwgc hé truyén dong gira cac
co cau. Céc co cdu lam viéc doc 1ap vaéi nhau. Do phai dung nhiéu dong co nén hé s§
sit dung cong sudt thi€t bi khong cao, chi phi ldn. Co thé sit dung truyén dong co khi
hay thiy luc trong timg co ciu.

3. Dén déng hén hop:

Trén may c6 nhiéu loai dong co khic nhau véi ciac phuong an bd tri nhur sau:

- Mot dong co chinh (dong co d6t trong) quay may phat dién, cung cap dién cho cac
dong co riéng biét cia mdi co ciu cong tac (truyén dong dién). Trong mdi co ciu lai
sir dung truyén dong co khi.

- Mot ddng co dién xoay chiéu quay may phat dién mot chiéu cung cap dién cho céac
dong co mot chiéu cia ting co cdu (truyén dong dién).

- Mot dong co chinh (dién, ddng co d6t trong) quay may nén khi hodc bom thay luc
cung cdp ning luong cho cac ddng co hodc xilanh khi nén hay thiy luc (truyén dong
khi nén hay thdy luc).

Dé didu khién su hoat d6ng clia cic co cdu va toan may, thuong sit dung hé didu
khién co khi, dién, dién ti, thdy luc, khi nén hodc phdi hgp gitra ching véi nhau. Dién
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va diéu khién dién dugc st dung nhidu nhédt. Khi ddn dong bing dong co d6t trong thi
thuong sir dung diéu khién co khi va thiy lyc. He thdng diéu khién trén may xay dyng
s& dugc dé cap ki trong chuong 5 cla cudn sach nay.

§2.2. THIET BI PONG LUC TREN MAY XAY DUNG

Thiét bi d¢ng luc cia may xay dung thuong 1a dong co dien va dong co dot trong.

2.2.1. Pong co dién

So véi cac loai dong co khic, dong co dién ¢6 wu diém 1a hiéu suit cao (151 80%),
gon nhe, chiu vugt tai twong doi tot, thay ddi chidu quay va khéi dong nhanh, gid thanh
ha, lam viéc tin cay, dé ty dong hda, diéu ki¢n vé sinh cong nghiép tdt, it gay 6 nhiém
moi truomg. Nhuge di€m chinh 12 kho thay ddi t6c d6 quay, phai ¢6 ngubn va mang
lugi cung cdp dién.

a) Pac diém va cdc théng sé chi yéu cua dong co

Tuong ung v&i hai loai dong dién mot chiéu va xoay chiéu ¢6 hai nhém chinh cia
dong co dién 1a dong co mot chidu va ddng co xoay chidu. Dong co dién xoay chidu
chia ra loai déng bo va khong déng bo. Theo cdu tao, ddng co khong ddng bo gédm co
hai loai: roto 16ng s6¢ va roto day cudn.

Pong co dién mot chidu chia ra ba loai: kich thich song song, kich thich néi ti€p va
kich thich hdn hgp.

Bing 2.1 cho cac thong s6 cla céc loai dong co dung chi y&u trén may xay dung.
So v&i dong co dién mot chidu khi cing cong sudt thi ddng co dién xoay chidu c6 kich
thuéc va trong lugng nhé hon, gid thanh thap, cau tao don gian va do tin cdy cao hon
vi vay né dugce sir dung rong rai. Ngugc lai, ddng co dign mot chidu c6 kha niang didu
khién cao hon.

Dé kinh t&, véi dong co c6 coOng sudt cang cao thi dién dp st dung cang cao. Vi dy
dong co cé cong suiat dén 100kW s& dung dién 4p 380V, tir 100kW dén 500kW dung
dién ap 660V, tr SO0KW dén 1000kW dung dien ap 6kV, con Ién hon 1000kW dung
dén 10kV.

D€ tien lgi cho viéc b tri va c¢8 dinh dong co trén bé may, ngudi ta ché tao dong
co ¢6 dang nhu & hinh 2.2. Dong co dién thudmg ¢6 hai ddu truc, cé vé bdo vé che chin
nudc va vat la lot vao phia trong. Pong co dugc lam mat bing quat 18p & mot ddu tryc
dong co ho#c lam mat ty nhién bing cach thoat nhiét qua vé (hinh 2.3).

Pong co dien xoay chiéu dong bo co6 vu diém la hiéu sudt va he s¢ coso cao, tdc do
quay 6n dinh, he s& qua tai 1on nhung ciu tao twong ddi phitc tap, gia thanh cao vi phai
c6 thiét bj phu khdi dong dong co nén thuong chi dang cho cac may c¢é yeéu céu téc do
quay khong ddi.
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Hinh 2.2: Cac phuong dn

bo tri dong co trén b may } £
a) Co' dinh dong corbdang chan dé; b) Co dinh
dong co bdng mét bich (dong co ddr ngang); 1
) C& dinh bdng ca chan dé va mar bich; .
d) Co dinh déng cor bing mét bich, dong co I
/)

deit diing. &
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Hinh 2.3: Pong co e lam mdt
) Lam mdt ne nhién.
b} Lam mdt bdng quat;

ar?

@ 2

Pong co dién xoay chiéu khang déng b c6 cau tao don gian, gia thanh ré dugc st
dung rong rai trén cic may ma & dé khong doi hdi phai didu chinh tée do mot cach
chinh xdc. Cic dong co chuyén ding (chd y€u trén mdy ning, may xic) ¢6 kha nang
qua tai cao, momen md may lon, lam viéc dam bdo trong diéu kién déng md mdy
lién tuc.

Trong qua trinh khdi dong, momen cia dong co 1dng s6c thay d6i gia tri tir mémen
mé& may M, dén gia tri momen danh nghia My, (hinh 2.4). D€ xac dinh thoi gian khdi
dong trong trudng hop nay nguoi ta ding md men md mdy trung binh ¢6 gia tri.

My, = (0,7 + 0,8) M., -

Do dién the cia lugi dao dong nhiéu va
¢6 thé gidm con 85% gia tri danh nghia, L‘_g
ma momen dong co khong dong bo lai ti ]
lé v&i binh phuong dién the, nén dé cocdu ~ GEdiponh
c6 thé hoat dong binh thuong véi dong co gadail
1dng soc, momen ¢dn cla co cdu rén truc
dong co khi mé may khong duge vugt qua
0,85°M,...

Trén co cdu nang khi ha vat, dong co lam viéc & ché€ do phanh may phat, trén hinh
2.4 ta thay trong khoang lam vigc tir ny, d€n n’y,, tdc do dong co gin nhu khong phu
thudc tai. Vi vay toc do ha vat vgi dong co 16ng séc chi Idn hon toc do nang 6 + 8%.

Hinh 2.4: Dic tinh co cia déng co long soc

DPé thay ddi to6c do dong co 16ng soc co thé thay ddi tdn so ludi dién, thay ddi dién
4p, thay déi so doi cuc v.v...
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- Piéu chinh t6c do bing thay d6i tdn s& ludi dién: do gia thanh thiét bi cao nén hién
chi ap dung & dong co ¢o cong suat < 20kW. Khodng diéu chinh tdoc dd dat 1+ 0,1
(0,025) (hinh 2.5a).

- Thay d8i t6c d9 bing cach gidm dién ap vao cudn day kich thich: Téc do déng bd
o, va hé s& trugt s khong d6i, méomen mé may vd momen max gidm (hinh 2.5b). Do
tén that nhiét cao nén phuong phap diéu khién nay khong dugc st dung & may c6 cong
sudt lon (thuc t€ né chi duge 4p dung & trudng hop thay d6i cach ddu sao va tam giac).

- Diéu chinh t&c do bing cach thay ddi s6 doi cuc (hinh 2.5¢) ¢6 thé cho 2 dén 4
cdp toc do (thuong gap dong co cd 2 cip toc do). Ngoai toc do binh thudong, dong co
con ¢6 thém tdc dd cham ¢6 gia tri bang 1/2, 1/3 hodc 1/4 tdc do kia.

Pé dua dong co 16ng séc vao trang thai 1am viéc, ngudi ta ndi truc tiép dong co voi
ludi dién, Trong truong hop nay dong dién md may 1én, gay sut 4p. D€ gidm dong mé
may va moémen md& may, diu tién ngudi ta dua dién vao cudn day kich thich vai dién
ap nhd (ddu sao), sau khi dong co dat dugc t6c do cao thi chuyén sang dién 4p 16n (ddu
tam gidc). Khi 4y momen Ién nhat s& gidm con 1/3 so vdi gid trj dinh muce (hinh 2.6a).

Dong co khong ddng bo ki€u day cudn ¢d mach phin tng duge ndi ngdn mach véi
nhau ngay sau c¢6 gop hodc qua dién tré ngoai. Puong dic tinh ciia loai dong co nay
c6 thé thay ddi trong khoang rong va dé thich hgp vdi yéu ciu lam viéc, Gia thanh
dong co nay thuong 16n hon 1/3 lin dong co 1ong sdc cung loai.

Gidng nhu dong co 1dng soc, dong co day cudn co thé diéu khién bing cich thay
d6i tin sO ludi dien, dién 4p cudn day kich thich. Ngoai ra con cho phép viéc thuc hién
diéu chinh tdc do bidng cach thay déi dién trd trong mach phdn tng. Cang ting dién
tr& trong mach phén vng, vdi ciing momen thi téc dd dong co cang giam (hinh 2.5d).
Thay déi toc do biang cach dung dién trd phu noi vao mach phin ¢ng nhu trén sé& gay
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Hinh 2.5: Ddc tinh co cia déng co xoay chiéu
a) Diéu khién t6c do bdng thay d6i tdn 56, b) Diéu khién téc do bdng thay doi dien dp;
c) Biéu khién t6c d¢ bdng thay d6i s d6i cuc; d) Pidu khién téc do bdng cdch thay doi
dign trd phu & dong co ddy cubn.

35



tén that nhiét trén dién tré phu rit 16n, ngoai ra dong co lam viéc bj nong. Cang bing
ciach nay co thé khdi dong dong co day cudn mot cach ém hon so vdi khi dung dong
co 1dng séc, dong mé may thdp hon. Viéc thay d6i dién tré (chuyén tir duong dic
tinh nay sang duong dic tinh khac) dugce tién hanh bang tay hodc ty dong. Dong co
duoc khdi dong diu tién theo dwdng dic tinh 1 (hinh 2.6b) véi mdé men ban diu
M, = (1,8 + 2,0) M,,. Sau khi dat toc do n, tuong ung vdi mdmen M, = 1,2 M, dong
co duge chuyén sang duong diic tinh 2. Trén dudng dic tinh 2 dong co dat t6c do n,
va trén dudng dic tinh 3 dong co dat td¢ do n,. Thoi diém chuyén 1a luc gia tri moémen
giam d€n khoang bing M,. O téc do n;, it cA cac dien tré khéi dong s duge cit khéi
mach roto, dong co s& hoat dong theo dudng dic tinh ty nhién 4, dat tdc do n, twong
rng momen tai bing M, (hinh 2.6).
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Hinh 2.6: Cdc dweng ddc tinh mé mdy cua dng co ddy cudn va léng séc,
a) Mé mdy dong co léng séc bdng cdch thay d6i dién dp
b) M& mdy déng co day cudn bdng cdch thay ddi dién tré phu

Nhu vay momen md mdy trung binh clia dong co day cudn trong trudng hgp nay cé
gia tri:

1
Mtb = 5 (hql +Ml)'

Pong co day cudn dugc dung phd bi€n nhit trén cdn truc va may xic.

Pong co dign mot chiéu duge st dung trén cic co cdu doi hdi cao vé didu khién toc
do dé dam bio chuyén dong mot cach chinh xdc. Dién ap clia cac loai déng co nay
thudng dung la 24, 220 (240), 600 va 1200V. Piéc tinh clia ddng co phu thudc vao cich
mic cudn day kich thich.

Pong co mot chidu kich thich song song ¢ cudn kich thich ddu song song véi mach
phian ung. T truong Kich thich durgc tao ra 1a hing s¢ va toc d0 chia dong co gin nhu
khong phu thudc vao dong ciia mach phin tng ciing nhu vao tdi (xem hinh bang 2.1).
Loai dong co nay thuong dung dé din dong co cdu di chuyén va co cdu quay cling nhur
& co cdu nang c6 yéu cdu dam béo tdc d9 tuong ddi On dinh.

Pong co kich thich ndi ti€p ¢ cudn day kich thich va phdn ung dugc ddu noi tiép
vdi nhau. Duong dic tinh (bang 2.1) cho thdy tdc dd dong co thay ddi nhiéu khi tai
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thay ddi. Véi tai nhd, dong co c¢é tdc d6 cao, do d6 tang dugc ning suit lam viéc
cta may.

Dong co kich thich hén hgp c¢é dic tinh trung gian gitra kich thich n&i ti€p va song
song. NO dugc sir dung trong cac truong hgp ¢6 yéu cdu momen khéi ddng 1dn va dic
tinh mém ma & d6 khong thé dung dong co kich thich n6i ti€p. Vi dy nhitng may khi
lam viéc cé lic mdmen tai ¢6 thé gdn bing khong, khi nay & dong co kich thich néi
ti€p, tdc do dong co ting vot gip 3 + 3,5 ldn gi4 tri danh nghia.

Dé diédu khién dong co, nguoi ta thuomg dung cidc phuong phap diéu khién bing dién
ap va bing dién trd.

Piéu khién bing dién ap chda phdn tng bing mot thiét bj thich hgp, vi dy nhe mdy
phat mot chiéu hodc Thyristor. Khoang diéu khién c¢6 thé dat 16n nhat 1a 1: 0,02, thyc
t€ chi s& dung 1: 0,5 do kha nang thoat nhiét & dong co tu lam mat s& giam nhiéu khi
toc do qua thdp.

Didu khién bing dién trd bing cich dua dién tré phy vao mach phin tng sé lam
dién ap gidm. Do dién tré phy lam tang muc dd syt ap nén dién 4p phdn ing va cuong
dd dong dién phu thudc nhiéu vao tai. Puong dic tinh mém hon. Hiéu suit gidm dang
k€. O dien tré phu c6 t8n that nhiet 16n.

b) Chon déng co dién

Loai dong co, ciu tao, cdp bdo vé v.v... dugc chon thich hgp theo diéu kién lam vigc
thuc t€. Pong co phai ddm bio moémen quay ldn nhdt di dé khdi dong co cdu vdi gia
tdc cho trude. Pong co khong bi ndng qud gidi han cho phép & diéu kién lam viéc xdu
nhit. Cong sudt dong co khong dugc chon qua 1én sé giy ra gia t6c md may lon va
khong kinh té.

Phan 16n dong co dugc ché tao theo hai ch& d¢ lam viéc sau: lam viéc dai han va
lam viéc ngdn han l3p lai. Thong s0 co ban dic trung cho ch& d¢ 1am viéc ngdn han
1ap lai 1a cudng 46 chay dong co CD%. Cac gia tri tieu chudn clia CD% quy dinh 1
15, 25, 40, 60. Thai gian chu ki lam viéc cia dong co khdng qua 10 phiit.

V&i co cdu fam viéc & ché do dai han ¢ momen can tinh M, 12 mot hang so (hinh 2.7a)
ta phai chon dong co theo didu kién:

Ng. 2N, ; (2.1)
Trong d6 cong sudt can tinh:
N, = M. g, (KW) . (2.2)
' 9550

Trong cong thirc (2.2), M, tinh biing Nm, n, tinh bing v/ph. Khi ti trong thay ddi
theo chu ki (hinh 2.7b) va trong mot chu ki lam viéc cla co ciu, mic dd chat tai c6
thé khac nhau thi mic do tidu hao niang lugng vng véi mdi mie tii M, trong khodng
thoi gian t; s& khac nhau va gdy phat nhié¢t khac nhau cho dong co. Do vay khi tinh
chon dong co lam viéc & ché€ do dai han ¢6 muc tai thay ddi theo chu ki, nguoi ta thudong
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st dung thong s0 momen tuong dueng c6 gia tri khong ddi trong su6t chu ki lam viéc
va tuong duong vai ché do gia tai thyc € vé mat tiéu hao nang luong va phat nhiét
dong co.

Momen tuwong duong trong trudong hop thoi gian chu ki nhdé hon thoi gian chu ki
cho phép:

; (2.3)
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Hinh 2.7; Biéu dé chdat 1ai dong co ding trén mday ndng chuvén
a) Ché do dai han, 1ai khang d6i; b) Ché do dai han, rai thay doi theo chu ki;
c) Negdn han lap lai, 1ai thay 467 trong mér chu ki.
M~ momen tai trong thoi ki mer may dong cor Mni — momen tai trong thoi ki chuyén dong
on dinh khi ndng var: Mui — mémen tii trong théi ki chuvén dong on dinh khi ha var.

bPong co dugc chon theo cong sudt tuong duong:

M, . ng,
Ng = —o% . kw (2.4)
9550

Cudi cung cdn kiém tra khi ning qua tai cia dong co theo cong thic:
maxM < (0,8 + 0,85 ax-Man 5 (2.5)
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Trong dé:

maxM - mdmen tai ldn nhat tdc dong lén ddu truc dong co, thudng duoc xic dinh
tng v&i mire tai 1én nhat;

V- Né 6 momen cuc dai.

Khi co cdu lam viéc & ch€ d6 ngdn han ldp lai, cic budc chon dong co dugce tién
hanh nhu sau:

1) Chon dong co can cir vao cong sut can tinh va ché do 1am viec clia co cdu, cu
thé 1a cuomg do sir dung thyc t€ CD%. Nguoi ta thuong chon dong co cé codng suit
danh nghia 16n hon hodc bing cong sudt can tinh yéu cdu. Riéng d6i voi co cdu nang,
do tai thay ddi it khi dat tdi dinh muc, nén cé thé chon xap xi nhd hon.

Pdi vai co cdu nang vat va nang cin, cong sudt yéu cdu dugc xac dinh theo cong
thire (2.2) va (2.4). O co cdu di chuyén va co cdu quay, do thanh phdn mdémen cin dong
c6 gid tri kha 1én nén cdng sudt dong co din ddong dugc tinh theo mdmen cin tinh
va dong:

_ (M, + My) . ng, _
9550.(0,6+0,7). Wmax

(kW); (2.6)

Trong d6 : My - mdmen can dong trén truc dong co trong thol ki mé may.

Khi cudng 40 CD% clia dong co dugce chon khic véi CD% thuc t€, ¢é thé xac dinh
cong sudt thyc t€ quy déi vé CDb% cia dong co nhu sau:

Nep = N VCDX' (2.7
e = N Y op )
Trong do :

Nep - cong sudt quy ddi vé cuong do CD cia dong co;
N, - cong sudt thyc t&€ ung vai cuong 4o thye 1€ CD,.

2) Kiém tra dong co sau khi chon so bd

- Kiém tra qud tai theo cong thic (2.5).

- Kiém tra thoi gian m& mdy (hoac gia to6c md may). Thoi gian mé mdy duge xéac
dinh véi gid thiét 1a gia t6c md may 1a hiing s0, tri s0 lyc can tinh khong thay dai trong
thoi gian mé may va momen md& mdy lay gia tri trung binh. Cac cdng thic tinh todn
va phuong phap kiém tra dong co v& momen mé may, nhim dam bdo gia t6c khdi dong
trong gidi han cho phép trinh bay trong chuong 4.

- Kiém tra theo diéu kién phat nhiét cia dong co.

Buoc ki€m tra nay chi dp dung cho cic co cdu lam vigéc vdi mite tai thay ddi va cong
sudt dong co khi chon so bo & bude | xap xi nhd hon cong suit yéu cau.

Momen tuong duong(con goi 1a mémen trung binh binh phuong), dugc xdc dinh theo
cong thirc:
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\/Mﬁ, b, + ZM L g

= ; (2.8)
VB, + 2+ Bt
Trong do :
g e e e Potl
B - h¢ s& ké dén sy suy giam diu kién lam mat khi m& may va phanh; p = S

B, - he s0 ké d&€n anh hudng cia diéu kién lam mat: B, = 0,25 + 0,35 voi dong co
dé hé va dong co c¢6 bo phan bio vé vai quat gio trén truc; B, = 0,3 + 0,55 vdi dong
co d€ kin ¢6 gan thoat nhiét, théi gié tir ngoai; B, = 0,7 + 0,98 voi dong co dé kin;

M,, - momen md mdy trung binh cda ddng co;

3t - tong thdi gian m& may co cdu vdi cdc mire tai khac nhau;

Yty - téng thoi gian dimg may;

M,, t; - cAc mirc mémen c¢an tinh va thoi gian chuyén dong 8n dinh véi cac tai nay.

Trong phép tinh nay, cing nhu trong tinh todn qua trinh m& mdy co cdu néi chung,
momen md may trung binh dugc 1y theo (2.9):

Mm = 1l’ll:v-lv[dn ) (29)

Trong do:

Y, - b s6 qua tdi mé may trung binh;

My, - mdémen danh nghia cia dong co.

Cing ¢6 thé dung cic gia tri mdOmen md mdy trung binh M, cho trong bang (2.2)

Bang 2.2. Momen m¢ may trung binh cia dong co

Loai dong co dién M,
Dong co ba pha day cudn (1.5 + 1,6) My,
bong co ba pha 16ng soc (0,7 +0,8) M.,
Pong co mot chidu kich thich song song (1,7 = 1,8) My,
Pong co mot chidu kich thich noi tiép (1.8 + 2,0) M,
Pong co mot chidu kich thich hén hgp (1.8 + 1.9 M,,

Cong sudt tuvong duong (cong sudt trung binh binh phuong) trong thdi gian mdt chu
ki, ¢6 tinh ca thoi gian mé méy dugce tinh theo cong thire (2.4). Cong sudt tuong duong
ttng v&i cuong do tieu chudn dugce tinh theo (2.7) phai ddm bio nhd hon hodc bing
cong sudt dong co da chon so bd & budce . :

2.2.2. Dong co ddat trong

Pong co dot trong ¢6 nhiém vy chuyén ndng lugng nhiét nho d6t chay nhién ligu
sang co ning. N6 hoat dong khong phu thude vao ngudn cung cdp ning lugng tir bén
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ngoai nén 1a nguén dong luc chi y&u cho cac loai may hoat dong & nhirng noi xa ludi
dién, cé yeu cau di ddng cao va pham vi hoat dong tén. Vi du: cén truc ty hanh, may
xlic, may Gi, may cap, may khoan... Pong co d6t trong bao gom hai loai: dong co diézen
va dong co xang. Su khac biét gira hai loai ddng co nay 1a ti s6 nén €, c4ch thirc hoa
tron hén hgp khi nhién liéu va cich thic danh lra. Cac thong sd co ban cia dong co

dot trong dugce cho trén bang 2.3.

Bang 2.3. Cac thong sé co ban cua dong co dét trong

Thoeng s6 Bon vi Dong co xing bong co digzen
bong co
- Hé so nén - 6+ 11 (12 16 + 24
- Téc¢c do quay truc khuyu v/ph 3500 = 8000 1200 + 5000
- Toc d6 quay khi khéi dong v/ph 40 + 80 (60) 100 + 200
- Hiéu suat - 0,18 +~ 0,33 0,35 + 0,45
- Mic tiéu hao nhién liéu g/kW.h 315 + 550 210 + 285
- Nhiét 4 khi xa . °C 800 550
- T s8 cong suat va khai lugng may kg/kW 1.3 +6,0 35+11
Nhién ligu
- Vang nhigt 4¢ soi °C 40 + 200 170 + 350
- Khoi luong rieng g/em’ 0,72 + 0,74 0,82 + 0,84
- Nhig¢t do dong dic °C -30+-50 -10+-30
- Chi s8 Octan (ROZ) 89 + 98
- Chi ¢ Cetan (CaZ) 45 + 60

Qua bang ching ta thdy dong co diézen lam viéc bing nhién lieu ré hon, luong tiéu
hao nhién ligu it hon so vdi dong co xdng nén dugc dung nhiéu hon mic du ning va
gia thanh cao hon. Linh vyc d4p dung chid y&u cia dong co diézen la & cac may c¢é cong
sudt cao va hé so s dung trong nam cao.

So voi dong co dién thi dong co d6t trong ¢6 mot s& uu diém nhu khéi lugng khong
16n, pham vi diéu chinh toc d¢ kha rong (2 + 2,5 14n), khong phu thudc vao viéc cip
nang lugng tir bén ngoai. Nhugc diém la khong thé dao chiéu quay tryc ti€p, khong c6
kha niang qué tai nén khong thé khdi dong dong co khi c6 tai.

Pong co d6t trong con doi hdi cao v& chat lwgng nhién ligu va chi phi ki thuat cao
cho qué trinh van hanh.

Dé chon dong co dot trong cho mdy cin cdn ct vao dang k&t cdu, cach lam mat va
cong suat cia dong co. NEu tai mot ché ma sir dung nhiéu may cung Jam viéc thi nén
thong nhat chon mot loai dong co dé€ giam chi phi van hanh may. Cdc dong co dot
trong ¢6 cong suat dén 250kW thudng dugc ché tao tr 4 dén 12 xilanh, lam mat bing
nudc, mot s6 co thé 1am mat bing khong khi. Cong suét danh nghia cia dong co duoc
xac dinh tir cdng sudt can thi€t dé din dong cac co cdu trén mdy va hiéu sudt cda hé
thong truyén dong. Khi nay cin phai khidng dinh sy lam viéc phdi hop gitta cic co cdu
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cla may (lam vi¢c dong thoi gitta 2 d€n 3 co cdu mot luc) din d€n cong sudt tiéu hao
s& lon hon so v&i ting co cdu lam viéc rieng 1é. D€ ddm bdo kha niang lam viéc khi
mon, chi nén tinh véi s6 vong quay bing 0,7 + 0,8, momen va cong suit bing 0,65
+ 0,75 gi4 tri lon nhdt cia dong co da cho theo dudng dic tinh cda né. Khi chen dong
co clng cdn chi y sao cho phi hgp vai diéu kieén 1am viéc thuc t& nhu didu kién moi
truong (nhiét do, do 4m, kha ning nap khi, kha ning thoat khi thai), kha niang bd tri
dong co trén may. Can thi€t k& h¢ thong san d¢ dong co phu hgp, tranh rung dong khi
dong co lam viéc. Co th€ dung cic dém dan héi bing cao su. D€ tranh gay cong hudng
& dong co co ¢ do cao, tin s dao dong rieng clia ca hé théng phai nhé hon 1/2 tin
s kich thich. Céc dong co c6 tdc do thap thi tdn sd dao dong ctia hé théng co thé cao
hon tin s6 kich thich.

Sau khi chon dong co, can thi€t chon va thiét k& hé thong diéu khién, cac thiét bj
phu nhu bd loc, thiét bi thong khdi xa, dudng lam mat v.v...

Trong cdc may din dong biing dong co dot trong, bo phan truyén dong co khi thuong
kha phirc tap vi phai c¢é dd cdc bo ti hop, ddo chiéu quay va truyén dong dén timg co
cdu cta may. D€ tranh tdt may khi qué tai va cai thien duong dic tinh dong co, truc
dong co duge ndi vai co ciu truyén dong thong qua khép ndi thiy luc hodc bién tdc
thiy lyc. Nho bo bién tdc thiy luc ¢6 thé diéu chinh vo cdp tdc d¢ quay, bao vé duge
dong co khi qua tai va giam dugce tai trong dong cho co cau. :

§2.3. CAC HE TRUYEN PONG PAC TRUNG TRONG MAY XAY DUNG

2.3.1. Hé truyén dong co khi

Truyén dong co khi thuong gap trong may xay dung dwoc chia ra lam hai loai:
- Truyén d6ng ma sat truc ti€p gitta cac banh ma st hoic gidn ti€p nh¢ dai truyén.
- Truyédn dong dn khép truc ti€p (bdnh riang, banh vit) hodc gian ti€p (xich).

He truyén dong co khi trong may xay dung 1a mot he thdng bao gém céc cip truyén
dong co khi cung loai ho#c khic loai duoc sdp x€p ndi ti€p hoic song song véi nhau
nhim muc dich chi yé&u 1a bién d6i t6c do v2 momen quay (hdp gidm tSc, hop sd).
phian phdi nang lugng truyén (hop trich cong sudt) hoidc dio chidu quay, thay déi dang
chuyén dong (quay sang tinh ti€n hodc nguoc lai). Truyén ddng banh rang va truc vit
bianh vit dugc st dung nhiéu va thudng s dung nhiéu cap truyén. Phin 16n cdc hé
truyén dong nay dugc bao kin va boi tron t6t. Mot s6 dugce tiéu chudn hoa va ché tao
hang loat nhim muc dich ha gid thanh, nang cao chit lugng va dic biét tién lgi trong
st dung. Phan dudi day chi y&u gidi thiéu ciac hé truyén ddng banh ring, truc vit banh
vit va hé truyén dong hanh tinh diang trén may xay dung véi muc dich giam toc do va
ting momen quay, ching duoc goi 1a hop giam toc.

a) Hop giam 16c bdnh rdng thuong va truc vit bdanh vit
Trong hop gidm toc thuong sit dung mot trong ba dang truyén dong dn khép sau dé
tao thanh mot cdp truyén dong:
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- Cap truyé&n dong banh rang tru an khop trong, #n khép ngoai, rang thdng hodc rang
nghiéng (hinh 2.8a);
- Truyén dong banh ring con cé ring thing va ring cong, ca biét c6 ring nghidng

(hinh 2.8b);

- Truyén ddng truc vit banh vit véi mot banh hinh try va banh con lai ¢6 dang 16m
(ciing c6 thé ca hai déu c6 dang 16m). Hinh 2.8¢ 14 so d6 bd truyén truc vit banh vit
v&i truc vit hinh try. .

Bing 2.4 cho cac dic diém cia cac cip truyén dong ndi trén

Bing 2.4. Dic diém lam vige cia cdc bo truyén &n khop true tiép

Toc do vong Ion

Hieu suit cia

Ti s& truyén cia

Loai bo truyén Vit trye nhat m/s mdt cdp truyén | mot cdp truyédn

Banh rang tru Song song trong 50 093+ 0.99 1+ 8
mdt mit phang ’ '

Béanh rang con | Cdt nhau trong 40 0.9+ 098 |+ 5
mot mat phing ’ ’

Banh vit truc vit | Chéo nhau 25 0,5+ 0,96 5+ 50

Sy khac nhau gitta cadc hdp giam t8c cung
loai dugc phan biét bdi s6 cdp truyén, so dd
bo tri tryc va d¢ 1én. Cac thong s6 co ban cia
hdp gidm t&c¢ la ti s6 truyén i, cong sudt truyén
N va momen xodn M,. Khi cin ti s6 truyén
nhé (i < 8 + 10) thudng ding hop gidm tdc
mot cdp d€ gidm kich thude bao. Tuy nhién
hop gidm 8¢ hai cdp vdi i = 8 + 50 va hop

glam 8¢ tryc vit banh vit dugc s& dung rong

rai hon. Khi can ti s6 truyén 16n sir dung hop
giam toc ba cdp. Bang 2.5 cho mot s& dai
lugng chinh cda cac loai hop giam tdc.

) o ()]

Hinh 2.8: Cdc dang bg truyén dn khop

aj) Bo truyén banh rdng tru;
b) BY truyén bdnh rdng non;
¢) Bé truvén truc vit banh vit.

Bang 2.5. Cidc dai lvong dic trung ciia hép giam toc

' . ’ Cong suat ‘ T1 5§ Ti s6 giita khoi
Loai hop gidm toc truyén 1n nhit truyén lugng va cong
kW suft kg/kw
- Hop giam t6c banh rang try 3000 1 + 800 1.8+04
- Hop gidm t8¢c banh ring hanh tinh 2000 3+13 1,0+ 0.2
- Hop gidm t8c banh ring nén 500 1+5 2,5+06
- Hop gidm t8c banh rang nén - banh rang tru 500 5+700 2,0+05
- Hop giam toc truc vit - banh vit 120 5+50 45+02
L—_H(}p gidm t8c tryc vit banh vit - banh ring tru 100 4 = 280 10,0 + 4,0
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Hop giam tdc banh rang try c¢6 cdu tao rdt don gian, c6 ti s6 truyén cao va it bi mai
mon. Cac cdp truyén dugc sdp x&p ndi ti€p nhau trong khong gian theo kiéu ndm ngang
(hinh 2.9), kiéu thing dung (hinh 2.10) hoic nghiéng.

Hop gidm t6c banh rang con banh ring try cé binh din hinh con bidt budc phii bo
tri kiu truc cong x6n nén kha niang qua tai thdp va khi lam viéc gay 6n.

Hop gidm tdc banh vit tryc vit duge cdu tao tir mot cdp truyén ddng cd ti sd truyén
16n. N6 1am viéc ém nhung higu sudt thap. Khi ti s6 truyén lon ¢6 thé xay ra hién tugng
te ham. Trudng hgp nay nén bo tri k&t hop truyén dong truc vit banh vit va truyén dong
banh rang try.

Trong thiét k&, viéc chon loai va so dd nio clia hop giam toc dé sit dung trude hét
phai xudt phat tir didu kién lam viéc va yéu cdu cy thé clia timg co cdu may, sy thuin
tién trong viéc bd tri cdc thi€t bj cla hé thong din dong, déng thoi cin cif vao dic diém
két c4u cling nhur wu nhuoc diém cda timg loai, ddc biét 1a cac thong s& co ban cda hop
gidm toc nhu ti s§ truyén i, cong sudt truyén N va momen xodn M,.

Cic hop gidm t8c tidu chudn hién nay duoc dang nhiéu trén may xay dyng & nudc
ta gdm cé:

- Hop gidm tdc banh rang tru hai cip,
ba cdp dit nidm theo tidu chudn cda Lién & h *_]_ 7 P —
Xo ci hodc do Trung Qudc, Viét Nam :
ch€ tao theo tiéu chuén tvong duong hai
loai trén. Hop gidm tdc dang nay pho i
bién 1a hai clp truyén vdi ti s6 truyén - : —L{/ . .
tir 8 d€n 50, cong suat trén truc quay
nhanh (truc vao) dén 170 kW vdéi cac
khoang cach truc vao va truc ra theo cic _
day so 250, 300, 350, 400, 500, 650 va ] i T % T :

20 Y
750 (hinh 2.9). £ nxs e
1
I

= £

- Hop giam toc banh ring try dat = o
diing thudng duoc ding cho cédc co ciu , e
di chuyén trén ray ciia cdu tryc, c6ng S~ |
truc vdi ti s8 truyén tir 10 dén 125 va ﬂgj‘?
cong sudt cho phép trén truc quay + !
nhanh dén 26 kW. Khoang cach gitra s | 3
truc vio va truc ra theo day s6 280, 320, N T B N [l B/
420, 480, 500, 630 (hinh 2.10). ™ | &

#,

t“l

{2

T
nén
S A,
59/
Y :

)

Loai hop gidm t0c dat dung coé két
cdu 16n hon vai khodng cach truc theo
day so 350, 400, 475, 550, 600,
750, 1000. ' Hinh 2.9: Hop giam toc kiéu bdnh rdng try hai cdp
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Mot nhuge diém ctia cac loai hop
gidm t&c k& trén 1a khong thay d8i duoc
ti s8 truyén. C6 thé khidc phuc nhuge
diém nay nh¢ thay déi ti s& truyén cda
mot cdp truyén dong béng cach s dung
cac banh rang trugt hoic khdp ndi, nhd
cdp truyén dong binh ma sat hodc néu
co thé phdi hgp vdi mot bd bién tdc
thuy luec.

Trén hinh 2.11 cho so d6 dong hoc
clia mot s& hop gidm tdc cé kha niang
thay d&i ti s6 truyén.

Hop gidm toc vdi nhidu tay s0, ing
véi m&i mot tay s6 cho mot ti sd truyén
duoc dang trén & t6 hodc may kéo dé

NI
rlY

111

s | A

—

i3

Tl 1oL+ 1o
AR B k]

—

=
%

Lz

Hinh 2.10: Hop giam tdc banh rdng tru ddr ding

dam béo luc kéo cén thi€t d6i voi sy thay d6i mit dudng, ddm bido cho xe may c6 thé
tién hodc lui (nhe c6 them tay s lui) va c6 thé dimg 1au tai mot chd ma khong cén tit
dong co nho ¢é vi tri tay s6 "0". Hinh 2.11a la so d8 hop s6 0 td vdi 3 tay s6 ti€n, mot
tay s& lii, hinh 2.11b 12 so d6 hop s0 trén mdy kéo véi 5 tay s& ti€n va 4 tay s& 1ui).

o

b
Il ¥

s
=

A

[* <]

i

¢

]
)

fhl
Hju“u_ B
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b

F _[H
A

by

I i
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i
@

Bl I/
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g

Hinh 2.11. So dé hép gidm 16c c6 kha ndng thay doi ti s& truyén
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Viéc thay doi ti s& truyén trong cac hdp s6 thuéng dugce thuc hién bing cac banh
ring trugt. Hinh 2.11c 12 hop gidm toc ¢6 2 cap ti s& truyén thay ddi nho li hop co khi
va hinh 2.11d 1a 3 cdp ti sG truyén va thay d8i nho li hop ma sat.

b) Truyén dong bdnh rdng hanh tinh

Su doi hoi ngay cang cao vé truyén dong, ddc biét 1a yeu ciu vé diéu khién va diéu
chinh da lam cho truyén dong hanh tinh dugce st dung ngay cang nhiéu trén may
xéy dung.

Hinh 2.12 trinh bay so dd nguyén li cda
mot bo truyén hanh tinh.

Khéic vt truyén dong banh ring thuong, 2 o
bo truyén banh rang hanh tinh gdom ¢ banh — '
rang trung tam 3 dn khdp trong, banh ring 2] N o e
trung tdm 1 an khép ngoai, cin S va cac o] 1, e
banh rang vé tinh 2 1dp trén cin S. Céc ' :F_ /] T
banh trung tam c¢é tam quay cd dinh, cac
banh vé tinh quay quanh tdm cida né va
cung vdi tdm quay quanh banh trung tam. )
Khi banh 3 c¢& dinh, chuyén dong dugc T
truyén tir 1 d€n S hoic tir S dén 1, khi can
S ¢d6 dinh, bOl'truyé‘n bi€n thanh bd truyén Hinh 2.12: Sor dé nguyeén li
thudong, chuyén dong dugc truyén tir 1 dén ciia bo truvén hanh tink

3 hodc tir 3 dén 1.

Khi tat ci cac khau déu duoge tu do, hé hanh tinh trd thanh he vi sai. O hé vi sai, tir
mot chuyén dong ¢6 thé chia thanh hai chuyén dong, hodc nguoce lai, cé thé hop hai
chuyén dong thanh mot chuyén dong, vidytir 3dén 1 va Shoacrir 1 va S dé€n 3 v.v...

Uu diém chi yéu cda truyén dong hanh tinh 12 ¢6 kha niang dong hoc rong rai, cé
thé lam viéc nhu hop gidm toc v6i ti s0 truyén khong ddi; nhu hop s vdi ti s6 truyén
thay d6i hodc nhwr co cdu vi sai. B truyén hanh tinh con ¢é kich thude gon va khai
lrong nhd, cho ti s6 truyén 16n (cé thé dén hang nghin). Nhuoce diém cda truyén dong
hanh tinh 12 doi hdi ché tao va 1dp ghép véi do chinh xac cao, sd chi tiét nhiéu, kho
1dp ghép va higu sudt cda mot s6 kiéu truyén dong hanh tinh kha thap.

Trong truyén doéng hanh tinh, s& ¢d 1 trong 3 khau dugc ¢ dinh vdi vo hop. Néu
coi v6 hop clia hé truyén dong 1a khau 0, ti s6 truyén cda bd truyén hanh tinh dugce
xdc dinh:

. . Z

lm:_.:]ﬂ:._3 y (n50=0)
N3q Z,

ilszﬂlgzl—io ; (N3 =0)
n.
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L Pl (nyo = 0) (2.10)

Trong do:

Ny, Ny, Nyo - t0c do clia cin S, banh 3, banh 1 so véi khau O;

i, - ti 80 truyén cda b truyén khi khau S ding yén (ti s6 truyén bo truyén thuong).

Higu sudt cda bo truyén hanh tinh duoc tinh trén co s& cia bd truyén thuong:

Mo = NMy.1.) . M- Na's (2.11)

Trong dé:

nMm., .1,) - hidu suat an khdp cuia bo
truyén duge tinh trong trudng hop coi cin
S dung yén.

NL . My - hieu sudt k& dén t6n hao ma sat
& 0 bi va tén hao do khudy diu.

Mémen xodn dugc tinh tir phuong trinh

can bing luc vi moémen trén banh vé tinh
(hinh 2.13). B6 qua 6n thdt do ma sat ¢é:
F] + F:; - Fs = 0 Hinh 2.13: Ll_,l’(" trén bé
, truvén hanh rinh,
F; r- :

vai —=-—hay F, =F;khir, =1,
F, 1,

Bing 2.6 cho cac cong thitc xac dinh ti s6 truyén, hiéu sudt vi momen trén cac truc
cita bd truyén hanh tinh khi can 8 ¢d dinh. €6 4 truong hop xdy ra tuong tng véi cac
binh trung tam 1 va 3 lan luogt 1a banh dan va banh bi dan, cic banh cing an khép
trong, cung dn khop ngoai hay mot banh an khdp trong, mot banh an khdp ngoai.

Bing 2.7 din ra 8 trudng hop truyén dong khic nhau twong éng khi ¢é6 mot trong
hai banh trung tam ¢ dinh, cac khau con lai lan lugt 1a banh din va banh bi dan.

Khi cdc banh ring trung tam cung an khép trong hodc an khdp ngoai thi tf s6 truyén
cla bo truyén co ban i, s& la duong con nguge nhau s& mang gia tri am. Bo truyén hanh
tinh dugc coi 1 bo truyén gidm toc khi ¢ 11l > 1 va 1a ting t6c kbi lil < 1 véi diéu kién
ti sO truyén co ban phai thoa man li | > [.

Cac cong thie tinh hiéu sudt cda bd truyén co ban 1), duge 13y twong ding vdi truong
hop cac banh ring dugc lam ciing bé mit, khi dn khép ngoai dugc mai bé mat con an
khap trong khong mai bé mat. O bo truyén vi sai, tdc do quay clia mot truc nao d6 déu
¢O mdi quan hé vai e dd quay cia hai truc con lai.
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Bing 2.6. Bon dang truyén dong co bdn cia bd truyén hanh tinh
(khi can S ding yén)

1. Ca hai banh trung tam
hodc cung dn khdp ngoai

cong in khép trong

2.
banh an khap ngoai.

Mot bdnh trung tim an khdp trong, mot

ol
st s

]
I
o§-s—:,, oo
f ' g0 !
P
n Ny N, 7.7
i[,l=i=—|n £ = =4 2 1 (duong)
LETH My Ny 2.2y
1 | ! 1
=1-0,I5( —+—+—+—
Mo (z*z*z*7)
g
‘T
!
Sed |
™0
I_l 37
ed (2]
] L]
. 5.2y
1y, Z 7, (duong)
: 1 I 1 }
,=1-02 -+——+—-——)
" (272 %
1.1. Banh din 1; banh | !.2. Banh din 3; banh
bi din 3; giam toc. bi din 1; tang toc.
LT e
L) ipy Ny ol
n=n, n=n,
M.n, .
M = -t M, =-M.iy.n,
1y
M..(,, — 1N, .
M, = ——J(‘i’—'n‘—) M, = M, (i, M, - 1)
{+]

iy = — =<~ 1 (am)
|
ne = 1-[01s( F+ Hyr02( -1
e R A ML N
oMo Mo M By
o N3 By fly 2.2y
i |
= 0,15{ —+—=1+0.2
o= (z zn) (Z, ZJ]
2.1. Banh ddn 1; banh | 2.2. Binh dan 3; banh
bi din 3; giam toc. bj dan I; tang toc.
) Ny, o N ]
P="-"=1p ==
LETH N, Ion
n = n() n = n()
. M.n,
M; =- M ipm, M, = —“";—_
02
M I I
M\“‘Mr(iuznn“l) M‘\ = ——&);'“r']_l
Liya
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Bang 2.7. Tam dang truyén dong cda bd truyén hanh tinh
(mot banh trung tam dung yén).

3. Banh trung tam 3 dung yén, ca hai banh

4. Banh trung tam 3 ding yén, mgt trong hai
trung tam cung dn khdép trong hodc an khdp

banh trung tdm an khép trong, banh con lai dn

ngoai khdp ngoai
T g 0 )
= w
LI g g% J_J Jla
o T3 la, z—\;@,—a’
! He L K I
Iy = Iy (duong) Ly = 1y (am)
= 0,15( -y - — [ 05 -4 yr02( oL
n=l-0IS(g v ) M= L=[005(Z 47 )02 7 - 7))
, 0 Ty g o Mln,*fn”"‘]
, 15 2071 d sufl [
2,
_,__3']5 s\ |27 T Y 2 77
= o~ s |; fm
7] [
iy = iy, {duong) h = gy (ém)
1 1 1 1 I
=1-0,2 — = 0,15 +0,2
i Mo = (zq z," 7, ZJ M= 1-[ (Z, ) (Zz Zq)]

3.1. Banh dén 1; khau
bi din S;

i, < 2 ting toc;

3.2. Khiau dan S; banh
bi din 1:

4.1. Banh dan 1; khau
bj din S ;

4.2. Khau dan S; banh
bi din 1;

1y, < 2 giam tac; giam toc. tang t&c.
ig, > 2 giam toc. iy, > 2 tang toc.
T . . Ny 1 T . Neo 1
1 === 1-, 1 = = — 1 = =1 =1y 1l=— ="
Dy g 1 =1y, M. Ny 1 =1y,
lm .n,—1 _ Nolig;— D gy - My~ 1 _ Noligy— 1)
iy = 1 iy =N, i — 1 i — Mo
. Ms'nu - Ms'nn
M, =M, @mn,— D M, = -~ M, =M,(ipM, - 1) M=—"-=
ot — My 2= N
M, g, M. .i
M, = —-M,i,,. My =~ M, = ~M.iy, - M, = - ——2
3 ilog - Mo Y -, 3 rlo2 - N T T
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Bang 2.7 (tiép)

5. Banh trung tdm | dung yén, cd hai banh
trung tam cing an khép trong hodc an khop
ngoai

e
z |» ki
E s =0 E) 5
id / {3 «:ulb-o
Vg d Da-\- 777

Iy = 1y, (duong)

1 1 ] 1
=1-015( = +—+——+="
" (ZI Z, Z» zﬁ)

5. Banh trung tam | dtimg yén, mot trong hai
banh trung tam an khép trong. binh c¢on lai an
khép ngoii

1y = Iy (Am)

R 11
N = ]_[O'IS(Z+Z)+O'2(Z:'—ZH

s ! i
¢ 5 13 "o [ i=0 ¥
z 1. o7 7
z P A s g =0
) o Tl
2 = S
Iy = 1y, {duong) Iy = 1y (Am)
] ] 1 ] 1 ] 1 1
=1-02( -5 +5 -5 o= 1-[005( 4= +0,2(——ﬂ—)
Mo (z 2z 7) n [015( 7+ ) Z, Z, ]
5.1. Banh din 3; 5.2, Khau dan S; banh | 6.1. Banh din 3; khau | 6.2. Khau din S; banh
khau bi din S; bi din 3; bi din S; bi dan 3;
tang toc. gilm toc. giim toc. ting toc.
Ny, i(n -1 ) N, i“, Ny, e ) n,, Iy
i, ot Ny Ay — 1 n, 2 Ny g — |
']’] * nu‘iﬂl -1 n _ i()i - ] . iU'_’ - nu _ Tln(i():““ ])
Ne-llgr — 1) iy — M, o — | igaN, |
M.. (i, M, — | % M..(i,»—M,) LY IR (N
M, = - ;(.{).ﬂ ) M, = —— 01 M. = — 1 (.)- i M, = —- 1 1M
14-M, T loa iy T, — |
M ‘ u M o M
M, = -~ — M|=Mn M, = -~ M, = ———
g1 - Mo T = 1 tan iy, —
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Toc do quay tuyét d6i (16c do so vai vo hop O) cua cic khau duge xic dinh tor
phuong trinh tinh ti s6 truyén cua hé gia dinh:

N, M= T,

Trong do:
N, Ni- t0c 3o ctia khiau | va 3 so védi khau S,
Ny Ny, Nag- 1OC A clia khau 1, khau S va 3 so vai vo hop O.
Toéc d6 quay cua ting khau sé la:
Ny =i,n3+ (1 -1,) ng, ;

ity — (l - in)'nsn .

My = ’
1y
n. = n_l(l — 1.1, .
500 .
1 - |

Bing cich cho mot trong ba 16¢ do quay bing khong, ta s& cé phuong trinh xic dinh
tdc d9 quay cia hai khau con lai ting véi trrdng hgp bo truyén hanh tinh ¢é hai khau
chuyén dong da uinh bay & wén. Tac do quay tuong doi gitta cac khau duge xac dinh
tr phuong trinh:

ni|\+nkx+nxi=0 .

hay: O = My + Dy = Oy = Oy

Khi khau x = 0 (v hop) thi t6c do twong doi gita hai truc sé la:

0z = Myp - N3p &
N, =My - Dy,
Ny = N, - N3 .

D¢ tinh 8 d& cin phai biét tdc do quay cda banh rang vé tinh 2 so vdi cdn S. & so

dd co hai banh ring vé tinh (2 va 27) s& co:

Z 3
Ny = ~(ngy— ng) - E‘ = (N3~ ng,) - z—

Khi so 46 c6 mot binh vé tinh, c6 nghia la Z, = Z’, thi:
2i,,
Ny = (Mg — Nyp) - .2
=1
Do khé khin trong viéc tinh hiéu sudt nén & bo truyén vi sai thudng bd qua tén thit
va do d6 phuong trinh can bing momen va cong sudt s& la:
M! + M3 + M‘\ =0 .
P[ + P} + Ps = Ml.n”) + M:{.H_‘;U + Ms.nm =0.
Trong thuc &, dé tang ti s& truyén, thudrng ndi nhiéu bo truyén hanh tinh lai véi nhau
tao thanh hé truyén dong hanh tinh nhiéu cdp. Bang 2.8 cho biél ba dang cla hé truyén
dong hanh tinh hai cdp duge st dung nhiéu trén may xay dung.
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O so d6 hinh a (bang 2.8), cong sudt dugc truyén lan lugt qua hai bo truyén. C3 hai
bo truyén déu c6 mot banh trung tam 3 c§ dinh. Cac thong s6 cGa hé truyén hai cdp
dugc xac dinh theo ting bo truyén sau dé dem nhan vdi nhau,

. =147 n=nm"

He truyén dong hai cdp & hinh a (bang 2.8) dwoc tng dung nhiéu trong pa lang dién
hoic pa lang xich kéo tay, co cdu quay v.v...

So dd b & bang 2.8 mod ta hé truyén dong hanh tinh hai cdp ¢6 mot can S ¢8 dinh.
Trong trudng hgp nay cong sult truyén duge phan nhanh. O bd truyén thir nhat c6 3
truc chuyén dong, bo truyén thir hai ¢6 mot khau S ding yén. O cac hé truyén loai nay

vGi nhidu cdp truyén thi viéc xdc dinh cac thong s6 lam viéc sé rdt phac tap. So do
kiéu nay hay dugc ding & tdi cap véi hé truyén dong dugc bd tri trong long tang.

Bang 2.8. H¢ truyén dgng hanh tinh hai cap

s’ va 1" ndi v .- Zq~ . Z3--

nhau va clng foz = AR o = —Zl"
chuyén d@"g i=ii = {1- 102)(1 - 1&)2)

ﬂ? F T Hf‘ i;:fa;,anoé;rz =(1%£)(1+Q)

T yén - L Zr-
- ,WL ’B“"‘[ . I, — 1
v Py e n ="
& v Iz ~ L
i()‘_"rlo_" !
n = ——
a) oz~ L
n=mnn
s’ va 1’ néi vai | Zy . Z,.
nhau va cung|l? T E »loz = "E:_

chuyén dong.
3’ va 3’ ndi vai
nhau va cing
chuyén dong

L Ll
Z, ZZ-

021, + iy M, (1 — ig2-M0)
i

= 1-ii = _(Zé , L 23..23..)
.

s’ va s’ dong| . VA Ly 2.
nhit va chuyén|'oz = 7, "3 la = ZoZo
dong; 3" va 1> : 2.h
déng nhidt va .. 1+-%
dimg yén i = -y 25
1- | 23'.22
l(}l Zz-.Z‘)‘
-
n =, lon . ig; — 1
B S Vg
c) Io
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Pé tao ra hé truyén cé ti s6 trayén rdt lon, ¢6 thé tham khio so d6 ¢ (bing 2.8).
Trong hé nay bao gédm bd truyén hanh tinh kiéu 4.1 (bang 2.7) va 5.2 (bang 2.7). Hiéu
suat ctiia hé truyén dong dang nay thip, cdn phai tinh toin dé phong tu him. Do co ti
$0 truyén lén nén né dugc dung nhiéu trong co ciu quay.

Hinh 2.14 dua ra mot s vi du ting dung truyén ddng hanh tinh trong may xay dung.
He truyén dong hanh tinh hai cip diung cho truyén dong trong co cdu nang & hinh 2.14a
phu hop vai so d6 a (bang 2.8). Loai truyén dong hanh tinh hai cdp nay nhd ¢d ti s
truyén lén nhung lai ¢6 thé b tri rdt gon nén nd con duge diing nhiéu trong cac co cdu
di chuyén xich (hinh 2.15), di chuyén trén ray, trong ¢o cdu quay va trong mdy xic
nhidu gdu kiéu roto. O cic pa lang cap hodc xich kéo tay, néu khong cin ti s& truyén
Ién ¢6 thé sit dung mot cdp truyén dong hanh tinh va hai banh ring vé tinh c6 duong
kinh khédc nhau (hinh 2.16) va so dd 4 (bang 2.7).

Hinh 2.14¢ cho so d6 t&i cap st dung hai dong co vai truyén dong vi sai. Khi mot
trong hai dong co dirng thi t&i vdn lam viéc véi téc do bing nira téc do ban diu. Ti 56
truyén cua bhai banh dan trung tam so vdi cdn la khac nhau (trudmg hop 4.1 va 6.1
bang 2.7).

] et
. % i
i
h@ﬂl = =t . ui
i Bl
o ha = y
i =
A ':]- HuM
= — — A = | AT J J'T'
L [an) n F
E H |,
& T Il S
Ly W
= = | .

Hinh 2.14: Cdc vi du vé truxén dong hanh tinh trén may xav dung
a} Co cdu ndng voi h¢ travén dong hanh tinh hai cdp néi tidp nhau; b) Téi cdp véi hé truvén
déng hanh tink hai cdp phén chia cong sudr; c) Toi o6 hai dong co ddn déng véi bo truvdn hanh
tinh hop cong sudt; d) Co cdu nang nhidu téc do voi bg truvén hanh tinh; e) Tai gdu ngoam hai
day voi bé truvén hanh tinh. HuM - déng co nang; SM ~ dong co déng mo gdu;
HT — tang nang ha gdu; ST — tang déng mi gdu.
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Cang tuong ty két cdu nhu trén a he
truyén dong clia co ciu nang nhiéu toc do
(hinh 2.14d). Ti s6 truyén gitra truc dong
co phy va truc tang lén hon nhiéu so vai
ti $0 truyén cuda truc dong co chinh véi truc
tang. Ca hai dong co nay co thé déng riéng
1& hodc lam viéc ddng thai cang chidu hay
ngugc chiéu nhau, nhé vay sé cé 4 tdc do
khic nhau. Hinh 2.14e cho so dé truyén
dong ciia to1 hai tang dang cho giu ngoam
hai day. Khi nang giu, dé cdp ning va cap
déng md gau cung di lén, cho dong co
nang HuM lam vigc theo chiéu nang, tang
nang HaT quay, déng théi vanh rang trung
tdm ngodi clng quay, khi nay doéng co
dong md gdu SM khong lam viéc va vi vay
tang déng mé gidon ST quay theo chiéu
dong gdu nhé can S quay. Khi ha giu, cap
nang va cap déng md giu cong di xudng
nho dong co ning HuM quay theo chiéu
nguoc lai (muc 6.2 bang 2.7). Qud trinh
dong md gdu cé thé lam viéc doc lap nho
chi cho dong co déng mé gau lam viéc khi
dong gdu tuong ung muc 4.1 va md glu
ung vor muc 4.2 bing 2.7. Khi cho hai
dong co cung lam viéc, tang déng md gau
s& ding yén, hai dong co quay cing chiéu,
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Hinh 2.15: Hép truyén dong
co cdu di chuyén xich voi
maor bo truyén truc vir bdnh
vir va he rruvén dong hanh
tinh hai cdp not tiép nhau.
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Hinh 2.16: Pa ldng xich voi truyén dong
bdanh ring hanh tinh

I. Xich kéo: 2. Pia xich; 3. Phanh trong var;
4. Pia xich kéo; 5. Vanh rang co dinh; 6. Bdanh

rang vé tinh lom; 7. Bdnh ring vé tinh nho,

& Cdn; 9. Bdnh rang trung tant (bdnh ddn);
10. Xich treo 1ai.
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t6c 46 clia toi nang sé tang gdp ddi va néu hai ddng co quay ngugc chiéu, toc do tdi
nang sé bing khong néu nhu tdc dd cda hai dong co c6 trj s6 bang nhau.

2.3.2. Truyén dong thuy luc thay tinh

Trong truyén dong thiy lyc thiy tinh, ning lugng dugc truyén tr bom sang dong co
thiy luc nho dong chit 1dng. Hinh 2.1 cho thdy nguyén tic co bin cia truyén dong
thGy luc thily tinh. Thiét bi dugc dén dong bdi mot dong co tao ra chit 16ng c6 dp sudt
goi 1a bom. Chit 16ng dugc din qua dudng Ong d€n ddng co va ¢ day nang lugng duge
chuyén thanh co nang cho cac bo phan cong tac hoat ddng. Ngoai cic thiét bj chinh la
bom, dong co va duong dng din, hé thong truyén dong thdy luc cdn cd cédc thi€t bi
diéu khién d€ déng ngit hoic diéu khién céc thong s lam viéc nhu 4p lyc, luu luong.
Cac thiét bi diéu khién gdm ¢6 cac van ap lyc, van luu luong, van mot chiéu, van déng
ngit... Sau ciing, he thdng truyén dong thiy luc cin phai ¢6 céc thigt bj nhu bé chia
ddu, bo loc, cac thiét bj do, cac thiét bj lam mat hodc sudi, binh tich ap v.v...

Truyén ddng thiy lyc c6 nhiéu vu diém nén ngay cang dugc st dung rong rii. Céc
tru diém chinh 1a cé thé tao ra va truyén dugc luc ¢d cong sudt 1én trong khi d6 khoi
lugng va kich thude dong co lai twong d6i nhd; ¢6 thé didu chinh vo cdp va em ¢ 4o
chuyén dong chGa bod phan cong tic trong pham vi rong; dé€ béo vé khi qua tai, tuong
d6i d& thuc hién ty ddong hoa diéu khién co cau. Mot uu diém ndi bat nora 1a dé dang
bo tri thiét bi trén may nhd ¢6 thé truyén ning lugng qua cic dudong dng dé€n moi vi
tri. Nhugc diém cila truyén ddng thiy lyc 12 hiéu sudt chung cla hé thong tuong doi
thap, doi hdi ché tao chinh xdc va gid thanh tuong d6i cao. Ap luc 1am viéc danh nghia
chia thiét bi trong he thong truyén dong thiy luc dung trén may xay dt_rrig la 16, (20),
(25) va 32 MPa. Ap luc lam viéc 16n nhit ¢6 thé duge trong mot thei gian ngdn tang
10 + 25% so vdi 4p luc lam viéc danh nghia.

a) Bom va déng co thay luc

Miy thiy luc (bao gébm bom va ddng co) 1am viéc theo nguyén tic chodn chd. Cic
chi ti€t chodn ché cang vdi chit 16ng dic biét (thudng 1a diu thdy lyc) 1am tang hoic
giam th€ tich mot cach ¢d chu ki cac khoang kin. Céac khoang nay dugc n6i véi nhau
bing cdc duong 8ng ¢ dp va duong Ong ap thdp (dudng hdi). C4 bom va dong co thiy
lre déu ¢ nguyén li lam viée gidng nhau.

Béang 2.9 cho bi€t cdc thong s0 lam viée dic trung clia cdc may thiy lyc.

Thé tich chodn ché la mét thong s& dic trung cho d6 ldn clia may. No la thé tich li
thuyét cia lugng chat 18ng duge dién ddy wong ing véi mdt vong quay ciia may. Pai
luong nay 12 hing sd hodc c¢é thé diéu chinh dugce trong mot pham vi nao da.

Bom banh rang tao ra dong chdt 1dng ¢6 dp sudt nhd hai banh riang in khép voi nhau,
mot trong ching la banh rang chd dong. Trong khoang hit S, cac hoc gitra cdc ring
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duoc dién ddy bang didu. Sau 1 vong quay thi ddu tr cac hoc nay dugce ddy sang ngan
nén. Thé tich dién diy & day luon la mot hing s6. P& han ch€ lugng tén thédt ro ri cdn
phai giam khe h& gita mat bén ciia banh rang va vé bom. May thiy lyc kiéu banh rang
¢6 cdu tao don gian, gia thanh thdp. Nhuge diém 1a [am viéc 6n. Dong co thiy Iuc kiéu
banh ring c6 cac 8 d& 1a 6 trugt, diéu khién cho c3 hai chiéu quay.

O cac bom kidu canh quét thi cac ngan chita dugc tao ra bdi cic canh duge bo tri
hudng kinh ludn ép lén bé mat trong cia vé may nhé lyc i tam va ap lyc didu. D4u
duoc hit vao va thoat ra nh& cac ranh & mit bén phia trong vé may. Bing cach thay
déi khoang 1éch tam cia roto cé thé thay ddi dugc thé tich chodn chd cda bom. Bom
kiéu canh quét lam viéc d¢ 6n hon bom banh rang.

May thiy lyc ki€u pittong gém hai loai: huéng kinh va hudng truc. O bom kiéu
pittdng, cac chuyén dong trugt ciia cac pitténg trong xilanh dugc thyc hién nhe chuyén:
dong quay cia mot roto. Nho vay cac pittong nay hit ddu vao va ép ddy ching vao
duong Ong.

Diéu chinh thé tich choan ché bang cach thay ddi khoang léch tam e & may thidy lyc
kidu pittong hudng kinh hodc thay ddi goc léch o clia dia nghiéng & may thdy lyc kiéu
pittong hudng truc.

Cac dong co kiéu pittong hudng kinh thudng ¢6 s6 vong quay rat thdp va momen
lon rat thich hop cho dan dong truc ti€p cac bo phan cong tic ma khong cin thong qua
hé thong truyén dong co khi. Téc 30 thdp nhdt c6 thé dat 1 + 5 v/ph.

b) Dudng ddc tinh va so dé diéu khién cia mdy thuy luc

Trong qua trinh bi€n ddi ning luong, trong may thiy lyc c6 hai loai ton thit: t6n
thit thé tich do 1o ri va tdn thit co khi do ma sat co hoc va ma sét thly luc. Pai luong
dac trung cho cac tén thdt nay la hieu sudt thé tich 1, va higu suit co n_.. Ap sudt cang
cao thi n, cang gidm, nguoc lai 1, lai ting do mot phan cia tdn thit nay khong phu

thudc vao ap suit.

Hiéu suft chung clia may thiy luc: 10
Vol LA
N =M. N (2.12) . % Fu
a¢ Nkt
~ » ) ~ s v =
Hinh 2.17 mo ti cac dtron% dic &é@ &
tinh cda mdy thiy luc khi thé tich 10,94 ——— - _“"5'
choan chd v, téc d6 quay n va nhiét f 2510z o %
do khong ddi. g y )
0
oz . 7 6 oF 10
Cac phuong trinh bigu dién moi 0 4 & /%,m__,
quan hé giwra cdc dai lugng cia mdy
thily luc dugc cho trong biang 2.10. Hinh 2.17: Duong ddc tinh ciia may thiy lec
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Bang 2.10. Cac thong s8 lam viéc ciia mdy thiy lire

Cac dai lugng Bom Pong co
- Lwu lugng bom hoic lwgng chéit 1dng 1 Q, = V,.n, Q, = V,.n,
tiu thu li thuyé&t
- Luu luwgng bom hoic lugng chét long | Q, = Q. Ny Q.
tieu thy thuc t& Q4 = ;1';
- Cong suflt thiy lyc {(cho hojc tieu tdn) | P, = Q,.AP P,. = Q4. AP
- Cong sudt co (tieu tdn hoic cho) . _ B P =Py,
P =,
_o. AP = Q4.-AP.M,
’ Mo
_ Ven, AP = V,.ng.APM,
= _ﬂc
- Moémen (tieu ton hoic cho) - Q,.AP Qu-AP.M,
M, = My = ——
2n.n,m, 21,
V,.AP V,. AP,
- 2., B 2n
Vb.de - thé tich choan chd; AP - hiéu ap lyc gitra ddu vao va ddu ra;
nh dc - tdc do quay cla may thdy lyc.

Quan h¢ gira téc d6 quay cia bom va ddng co trong mot heé thdng truyén dong thiy
lyc néu ké d€n t6n that thé tich s& la:

Vy
Ngc = Mvp - Nvae - v - Np (2.13)
dc

Qua day ta thdy c6 thé diéu khién tdc d6 dong co bing cach thay ddi t6c do quay
ciia bom ny, thay d6i thé tich choan chd V,, cia bom, Vg clia dong co riéng ré hoic
déng thdi mot hic. Hinh 2.18 cho so d6 diéu khién cia he thong truyén dong thiy luc.
So d6 mach hé hinh 2.18a c6 bom 8 lam viéc theo mot chiéu khong ddi. Chiéu chuyén
dong cla dong co duge diéu khién nhd van 4. Déu tr dong co duge hoi tréd lai bé
chira 10. Trong so d6 mach kin (hinh 2.18b), dudng vao va dudng ra cia bom va dong
co duge ndi véi nhau trye ti€p. Bom phai 1am viéc theo c hai chiéu. D& bu lugng dau
bi ro ri va lam sach ddu nguoi ta ding bom phy s6 6 d€ thudng xuyeén b sung va rira
cin diu. Trong mach bom b3 sung ndy ngudi ta bo tri them bo 1am mét 9. Bé chia 10
chi can dung tich nhé. Mach hé duge 4p dung nhiéu hon.

c) Xilanh céng tdc
Mot vu diém quan trong cia truyén dong thiy luc 1a ¢6 2 loai ddng co: ddng co véi
chuyén dong quay tron va dong co vdi chuyén dong tinh tién (xilanh cong tac). Xilanh
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cong tac tao ra lyc 16n, t6c do chuy&n dong thap. Céu tao cda xilanh cong tic bao gdm
xilanh va pitténg chuyén dong. Co nhiéu phuong an két cdu khac nhau (hinh 2.19).

Hi¢u suat thdy lyc 1, & xilanh cong tac do ny = | nén m, = m.. Luc trén cin ddy
pittong (can pittong) F & loai pittdong ngdn tdc dong hai chidu duge xac dinh theo (2.14)
va (2.15).

Hinh 2.18: So d6 diéu khién
ctia hé thong truvén dong
thay lwc
a) Mach ho: 1. Dong co rthiry
lwe: 2. Van an roan; 3. Van mot
chiéu: 4. Van diéu khién chiéu
guay ctia dong ceo; 5. Van han
ché dp lwe; 6. Van mot chidu;
7. Bé loc duomg hdi; 8 Bom
9. Bo loc dwong hur; 10. B
chiea ddu. b) Mach kin: 1. Dong
co thay lwc; 2. Van han ché dp
lwc: 3. Van mér chiéu; 4. Van
diéu khién cho mach b6 sung
ddu; 5. Van han ché dp liec cho
mach bé sung ddu; 6. Bom phu;
7. Bom chinh; 8. B¢ loc; 9. By

{am mdt; 10. B¢ chita ddu.

Hinh 2.19: Xi lanh cong tdc

ll _ :]' a) Pintong dai, tdc dong mot chiéu; b) Piréng
? g Ol — — ngdn tdc déng hai chiéu, c6 1 cdn pittong;
| ¢ c) Pitténg ngdn tdc déng hai chidu, c6 2 cdn
| JE':I © pitténg hai phia; d) Pittong nhiédu tdng, tdc déng
H - & mot chiéu.

Chiéu ddy ra co:

F = Func = @A - prAdne= Ay (7= 2 nes (2.14)

Trong do:

| >

W = — - ti s dién tich pittong;

ks
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- lyc ddy thiy luc;
1. - higu sudt co.
Chiéu co lai ¢co:

F=Fmn = (leAz_Pl-Al)-ﬂc:Al(%‘“Pl)ﬂc- (2.15)

Néu cho trudc luc & cdn ddy pittong F, ¢6 thé xdc dinh dugce dp luc lam viéc.

. . F P2
Chiéu day ra coé = —‘ —"+ Al = +— (2.16)
Y P Pz ) Al'nc v
Chiéu co lai c6 — + F —+ (2.17)
. p = A’ pr. ] ERLAE -

& xilanh nhiéu ting do dién tich mit pittong khac nhau nén khi cing 4p sudt p sé
c6 luc trén tay ddy khic nhau iing véi timg ting lam viéc.

Hiéu suit co cda xilanh cong tic thay ddi theo ap luc p va két cdu cda pittong
(hinh 2.20).

Ap lyc 1am viéc va van tdc & timg ting pittdong s& la:

o
1]

1
<
>
[S)
=

Hinh 2.20: Hieu sudt co s
ciia xilanh cong tdc a8 2 X
1. Xilanh nhiéu tdng; 2. Xilanh véi u? &) /
pitténg dai; 3. Xilanh véi piitdng & p
ngdn, tdc dong mor chidu dudi ra; /
4. Xilanh voi pittbng ngdn, tdc dong 4

hai chiéu; 5. Xilanh véi pittdng ngdn, J /
tdc dong 1 chiéu co vao.

24

o 2 7 72 3
Ti s& 4p lyc gitra cac tAng vdi nhau khi luc F khong d8i
Vi +1 Ai

Pi + i
(Fo F=com = (v Joeom = Ay

Can pittong chi chiu lyc doc truc, vi vay khi tinh bén cdn kiém tra 8n dinh khi chju
nén. Hinh 2.21 13 dang mit 6n dinh Khi chiu nén cida cédn pittdng tuong ting vai céc
cach ¢6 dinh xilanh khic nhau.

(2.19)
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E ! I , ]
Hinh 2,21: Cdc trudomg A { -4 =
hop mdr on dinh thuong =
gdp ctia cdn pitténg ey &
iy .

b= 7

be=2l -f(z,;_) =l
Coi 0ng xilanh la tuyét doi cimg. P¢ manh duoc tinh la:

' A
A= LW —
Y1

Trong d6 :
A - dién tich mit cdt ngang;
I - moé men quan tinh mit cdt ngang cia cén pittdng.
Khi A > 90 (d6 manh giGi han) thi lyc tdi han:

7’E]l nlEA

Fg = 2o 22
K .
Khi A < 90 thi luc t&i han:
Fx = A.(335 - 0,62Q) ; (2.20)

Fy dugc tinh 1a N va A duoc tinh 13 mm’

Lyc 16n nhat cho phép tic dung 1én can pittong duge xac dinh tir lyc tdi han Fy véi
hé s& an toan K = 2,
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Chuong 3

CAC CHI TIET VA CUM CHI TIET
CO CONG DUNG CHUNG TRONG MAY XAY DUNG

§3.1. CAP THEP VA TRUYEN DPONG CAP

3.1.1. Cdp thép

Cap thép 1a chi tiét rat quan trong, duge st dung phd bién trong may xay dung, dic
biét 1a may nang va mdy Iam d4t ¢6 truyén dong cdp. Cac yéu ciu chung d8i vdi cap
thép la:

- An toan trong sir dung;

- Do mém cao, d& udn cong, ddm bio d® nhd gon cla co cdu va cia may;

- Bam bdo 40 em diu, khong gay dn khi lam viéc trong co cdu va may;

- Trong lugng rieéng nhd, gia thanh thip;

- Pam bao do bén lau, thdi han s dyung lén.

Cap thép dugc bén tir nhing sgi thép cacbon tot bing cac thi€t bj chuyén diung. Céc
sqi thép ndy dugc ché tao bing cong nghé kéo ngudi cé duong kinh tr 0,5 d€n 2 + 3mm
va gi¢i han bén kéo tir 1400 + 2000 N/mm’. Bén ngoai soi thép duoc trang mot lop
keém d€ chéng gi. Cin lru ¥ ring, sit dung nhitng sgi thép ¢ gidi han bén tinh todn
theo kéo nhé dé€ bén cdp s& din dén cdp cé dudng kinh 16n, con ding soi thép ¢6 gidi
han bén tinh toan theo kéo 1on thi cdp s& c6 46 cung Ién 1am gidm thoi han st dung
cip. Vi vay nén ding sgi thép ¢6 gidi han bén tinh to4n theo kéo tir 1600 + 1800 N/mm”
dé ben cép.

a) Cdu tao cdp thép

Phuong phédp bén cap cé dnh hudng lén dén 49 cing, dd bén va dd bén lau cda cap.
Theo s 1dp bén, cach ben ¢ nhitng loai cap thép sau:

Cép bén don (hinh 3.1a) do nhidu sg¢i thép b&n quanh mot sgi & gifra lam 161. Loai
cip nay cé 46 cing lon nén thuong ding dé€ treo, budc. Loai cap bén don c6 lop boc
kin bén ngoai cé vu diém la bé mat tron, chiu dugc tdi trong x6 ngang va chong gi tot
nén dugc dang lam cdp treo chiuv tai trong cdn truc cap (hinh 3.1b).

Cép bén kép (cap bén hai 16p) gdm cac ddnh 1a cic cdp bén don va ciac danh dugc
bén quanh mdt 161 (hinh 3.1c¢). Vat liéu lam 161 cdp c6 anh hudng dén dd cing cia cép.
Doi voi cdp cudn I&n tang nhiéu lop cdp vdi dung luong 16n, dé gidm bi€n dang cia
cdp do cdc 1ép cap de 1én nhau c6 thé ding cap 16i thép. Tuy nhién trong trudng hop
nay duong kinh tang va céc puli ddn cdp rat 1on. VJi cap lam viéc trong modi trudng
nhi¢t 4 cao, ngudi ta thuong dung cdp 16i amising. Da s& cac trudng hop khac ngudi
ta dung cdp l6i day véi vu diém 14 cdp c6 do udn cong 6t va kha ning ty boi tron tot
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hon. Trén hinh 3.1c 12 mit cét clia loai cap 161 day voi 8 va 6 danh. Thong dung nhat
Ia cap bén kép véi 6 danh cép.

Cap bén ba 16p gébm céc cép bén kép, dugc coi la danh, bén quanh mdt 16i mot 1an
ntra (hinh 3.1d). Do c¢é nhidu 16i nén cép bén ba lop mém hon cap bén kép song ch€
tao phuc tap, gia thanh cao va céac sgi thép trong cap qué bé dé bi dirt do mon. Cap bén
ba 16p thuong dugc ding trong céc thiét bj phuc vu cho cong tic Hp dyng cédn truc.
Nhin chung cap bén kép la cap dugc sit dung rdng rai nhat trong dé loai cdp bén kép
16i day v&i 6 danh cap la thong dung hon ca. '

a)
Hinh 3.1: Cac logi cdp thép theo s6 lop bén

Cap bén xudi la cdp c6 cdc soi thép trong danh bén cing chidu véi chiéu bén cla
cac danh quanh 161 (hinh 3.2b). Cac sgi thép ti€p xiuc vdi nhau tuong ddi tét nén loai
nay tuong d8i m&m va cé wdi tho cao song d&€ bj bung ra va c¢6 xu hudng xodn lai,
nhat 1a khi treo vat trén mdt sgi cap. Vi viy cap bén xudi thuong chi dong vao viée
nang vat theo dan hudng trong cac loai thang nang, i kéo v.v...

Cap bén chéo la cap cé chiéu ben cla cdc soi thép trong danh ngugc véi chidu bén
cla céc danh quanh 16i (hinh 3.2a). Loai nay c6 d6 cing lon, tudi tho khong cao nhung
kho bi bung ra va khong bi xodn nén an toan trong sir dung. Cap bén chéo duoc dung
nhiéu trong cac loai cdn tryc va may dao, dic biet khi ding d€ nang giu ngoam.

Cap bén hdn hop 1a cdp ma cédc sgi thép trong mot s6 danh duoc bén xudi con trong
cdc ddnh khéc thi bén chéo. Loai nay tuy khé ché& tao nhung ¢6 wu diém cida ci 2 loai
cap bén xudi va bén chéo.

Cip ¢6 ti€p xiic diém 13 loai ¢6 duong kinh cédc sgi thép trong danh bing nhau,
hai 1dp sqi thép cudn trong dénh ¢6 budc bén khiac nhau nén gitra cdc sgi thép cé
1i€p xii¢c di€m véi nhau (hinh 3.2¢). Do ti€p xiic di€m nén khi cap bi udn cong, cac
s¢i1 thép de 1én nhau véi dp luc 1on va gitra cdc sgi thép cé ma sat lam ching chéng
mon, dé bi dut.
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Cip c6 ti€p xuc duong (hinh 3.2d) 14 loai cap do nhitng sgi thép c6 dudng kinh khac
nhau bén thanh danh v&i cac 16p bén ¢6 bude bén bang nhau lam céc sgi ké nhau tiép
xiic v&i nhau trén sudt chiéu dai. Pudng kinh khiac nhau cla cac sg¢i thép trong danh
tao diéu kién cho ching xé&p ddy ti€t dién cdp. Loai nay khdc phuc dugc nhang nhuoc
diém cia loai cap c6 ti€p xic di€m. Céc soi thép nhd va Ién trong dédnh dugc s dung
hop li vira ddm bdo d6 mém cida cép vira ddm bio do bén, dd bén lau cia cap (do ti€p
xuc dudng nén tng suit ti€p xiic nhd, cdc s¢i thép 1dn phia ngoai bdo vé cdp dd mon
khi ti€p xtc vai cac chi ti€t khac nhw tang, puli, tryc ¢@ dinh dau cép).

I W
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Hinh 3.2: Cdc loai cdp thép theo cdch bén

Trén hinh 3.3 1a mit cdt cda mot 8 loai cap thong dung nhét cia Nga véi cac ki
hiéu sau:

TK. 6x19 + 1 o.c. - Cap c6 ti€p xiic diém (TK) véi 6 danh, méi danh 19 s¢i nhu
nhau va mét 16i day.

LK- O. 6x19 + 7x7 - Cép c6 ti€p xuic duong (LK) v&i 6 ddnh, m&i danh 19 s¢i ¢o
16p s¢i thép ngoai ciing nhur nhau (O). Loi thép clia cdp duec bén tir 7 ddnh, méi danh
7 soi thép.

" LK-P. 6x19 + | o.c. - Cap ¢6 ti€p xiic dudng vSi 6 danh, mdi danh 19 sgi c6 16p
sgi thép ngoai cing khéac nhau (P) va mot 161 day.

LK-PO. 6x36 + 1 o.c. - Cép 6 ti€p xdc dudng v6i 6 danh, mbi danh 36 sgi thép két
hop véi cich sip x&p P va O. Céac danh bén quanh mot 161 day.

LK-Z. 6x25 + 1 o.c. - Cép ti€p xuc dudng, 6 danh, mdi danh 25 s¢i thép va mot 161
day. Céc s¢i thép con va to xen lan x€p diy tiép dién (Z).

TLK-O. 6x27 + 1 o.c. - Cép ¢6 két hop ca tiép xuic dudng va ti€p xic diém vai 6
dinh, m&i danh 27 s¢i va mot 16i day. Cic danh c6 ldp ngoai ciang 1A cac soi thép
nhu nhau.
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LK-POEXX +]oc LK-ZExZE+IaCc  TLK-QF <27 rlac

Hinh 3.3: Mor 56 loai cdp théng dung

b} Ung sudt va cdc yéu 16 anh huong dén d¢ bén lau cua cap thép

Cap do nhidu sgi thép hgp lai tao thanh mot hé sieu tinh nhiéu bac, cic s¢i thép
xo4n theo mot dudng phirc tap trong khong gian. Vi vay trang thai cing cda né rit phic
tap. Khi cap chiu tai, cac sg¢i thép chiu nhiéu tng suat khac nhau nhu Gng sudt kéo,
udn, dap, xodn, ing sudt du v.v...

Ung suit kéo sinh ra‘khi cdp chiju tdi. Khi cudn 1én tang hoac puli, cip bi€n ddi hinh
dang va sinh ra itng suit uén. Ngoai ra irng sudt uon xuidt hién khi cap c6 tiép xuc diém.
Mot s0 tdac gia da dua ra cach tinh ng suit kéo va udn song cich tinh A6 chua chinh
xac va it dugc ing dung trong thuc té.

Ung suit du sinh ra trong céc sgi thép khi bén cdp. ung suit du ¢6 khi rat 1on va rat
kho tinh chinh xac. Thuc nghiém cho thdy ring néu loai trir dugc ing sudt du thi wdi
tho ciia cap co thé tang lén 2 + 2.5 lan. Vi vay cin phai lam bi€n dang cic sqi thép
trudc khi bén.

Ngoai ra con ¢é ung sudt dap do cic sgi thép ti€p xuc véi nhau va khi cdp chiu tai,
cdc sgi thép de 1én nhau. (tng sudt nén xuit hién khi cap chiu tai va dit 1én rianh tang.

Khi lam viéc cap khong bi dut dot ngdt ma sau moét thoi gian lam vige, cdp bi mon
nhiéu hay duat ting sgi thép. Vi vay do bén lau 1a mot chi tiéu quan trong trong tinh
todn va st dung cap. Ngudi ta ldy s6 l4n udn gidi han Z cha cdp khi uén qua puli hoic
tang mot géc 180° cho tdi khi sgi thép bi dit do mdi lam chi tieu dé danh gia do bén
lau clia cap. SO 14n udn gioi han Z cia cap duoc xdc dinh bing thyc nghiém theo phuong
phdp chudn vi chua ¢6 mot phuong phap tinh todn nao k€ dén anh hudng cia tit cd cic
nhin td dén do bén lau cda cdp. S6 1dn udn gidgi han Z cia cdp phu thudc vao cic yéu
(0 sau:

Luc cang cédp trong qua trinh lam viéc cang ldn thi s0 lan udn gidi han cang nhd.
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Khi ¢6 cung s0 1an u6n gidi han Z, s sgi dut trén mdt budc bén cia loai cidp bén
xudi it hon nhidu so véi loai cap bén chéo. Nhu vay cdp bén xudi ¢6 d bén lau cao
hon cap bén chéo. Loai cap ti€p xiic dudng c6 s& 14n udn gidi han Z 1én hon loai cép
ti€p xuc diém khi st dung vai ciang béan kinh udn cong cap cho cac loai cdp cing dudng
kinh. Diéu nay cang thé hién ro6 khi ti s& gita ban kinh udn cong cdp vd duong kinh
cap cang lén.

Soi thép ¢6 do bén gidi han nhé s& chéng diit song néu dd bén gidi han qua 16n s&
rat cing nén kha ning chiu méi kém. Loai cap bén tir nhrng soi thép ¢6 gidi han bén
1800 N/mm” ¢6 do bén 1au cao nhit.

Cidc diéu kién st dung va bdo quéan cép la nhitng y&u to dnh hudng 16n dén do bén
lau cha cap.

Ban kinh udn cong ciia cdp dugc biéu thi bing ¢ s8 gitta dwong kinh tang hodc puli
va duong kinh cdp D/d.. S6 14n udn gidi han Z cha cdp cang 1én néu ban kinh udn
cong cap cang lon.

So lan udn gidi han Z cGa cap gidm din khi vit lieu ché tao tang va puli la g, nhom,
gang, thép. Dang rdnh cdp ciing anh hudng dén do bén lau cta cap (rdnh hinh thang,
ranh 124 mot cung tron, rinh ia nira dudng won cho Z tang dan).

Po bén lau clda cdp con phu thude vao gée om ctia cdp 1én puli, tang va vao s& lan,
chiéu udn cong cta cap. Cap bi udn cong theo nhiéu chidu khac nhau s& sinh ra trong
cac soi thép cdc ung suat khac dau lam ting qua trinh mdi cda thép. Thi nghiem da cho
thdy mot lin udn cong nguge chiu cha cip twong duong vai hat 1in uon cong cung
chidu khi tinh s6 1in uon gigi han Z. Vi viy cin gidm s& lvong puli d6i hudng cap tdi
miic t6i thiéu va trinh d€ cip udn cong thco cic chiéu khic nhau. Cin bdi tron cap
thudng xuyén, dinh ki dé kéo dai tuéi tho cia cdp thép.

Tém lai, khi tinh chon va sit dung cdp cin phai hru ¥ d€n ciac phan tich két qua thuc
nghiém trén d€ nang cao thdi han st dung cép.
¢} Tinh chon va sit dung cdp thép

Hién nay chua c6 cdc nghién ctru chinh xdc va ddy @da vé trang thai ing suit cda soi
thép trong cép cing nhu hién trgng madi khi cap chiu (i 1au. Do d6 ngudi ta khong dua
VA0 cAc Umg suat cla sgi thép d¢ tinh chon cap.

K&t qua nghién ciru cho thiy hai y&u (& quan trong nhitl dnh hudng d&n do bén va
d9 bén lau cla cip thép l1a lyc cang cdp 1dn nhat khi lam vige va ban kinh udn cong
cdp. Vi viy trong tinh todn ngudi ta quy dinh chon cip theo luc kéo, con d9 bén lau
cla cdp duge dam bdo bing cich chon hé s& an todn n va ti 86 gitta dudng kinh tang
hodc puli véi dudng kinh cap D/d, tiy thude vao loai mdy va ché do 1am viée cda mdy.

Ciap thép dugce chon theo didu kién sau:

Smarn < Sd (3 1)
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Trong d6:

Snax - luc cang cap 1én nhit trong qua trinh lam viéc khong ké d€n c4c tai trong dong;

S, - tai trong pha hdng cap do nha ché tao xéc dinh va cho trong bang cap tiéu chudn
tdy thudc vao loai cap, dudng kinh cdp va gidi han bén cda vat liéu soi thép. Thong
thuong lyc phd hdng cap khong vuot qua 83% tdng lire phd hdng cia tit ca cdc soi thép
bé&n cap;

n - hé s& an toan bén cia cdp dugc tra theo tiéu chudn tuy theo loai may va ché do
lam viéc (n 14y khoéng nhé hon gia tri trong tiéu chuin).

Dai v&i cédc loai cin truc, gia tri n 13y nhu sau:

- Cap tai dung trong diin dong bing tay 4

- Cap nang vat va cin trong din dong may :
+ V&i ch€ do lam viéc nhe 5
+ V@i ché do lam viéc trung binh 5,5
+ V&i ché do 1am viéc n3ng va rat ning 6

- C4p neo cdn va cot ' 3,5

- Cap dung cho gau ngoam 6

- Cép dung cho co ciu nang chd ngudi 9

- Cédp dung trong 1dp dyng 4

Ban kinh uén cong clGa cdp phai théa man diéu kién sau:

D2zed, (3.2)

Trong do:

d. - dudng kinh cap, mm;

D - dudong kinh tang va puli tinh d€n tam 16p cap thit nhat, mm;

e - hé s¢ dugc tra theo tiéu chudn tiy theo dang din dong, loai may va ché€ do
lam viéc. '

D€ dam bao an toan va nang cao tudi tho cha cap thép, trong qua trinh sit dung cap
cdn phai tuan thd chit ch& nhing quy dinh vé st dyng cip trong tiéu chudn
(TCVN 5862: 1985 va TCVN 4244: 1986), trong d6 cAn dic biét luu y nhing diém sau:

Piéu kién ddu tien dé didm bio do tin cay va dd an toan cha cédp thép la st dung cap
theo diing tinh todn, thda min cic yéu cidu tinh chon cép (3.1) va (3.2) néu trén. Can
phai lru ¥ dén cic y&u td dnh hudng dén do bén va do bén iau cha cap khi tinh todn
va sir dung cdp. Cin luu ¥ ring duong kinh tang va puli cang Ién thi wdi tho cdp cang
ca0 song may sé rat céng kénh vi momen trén tryc tang lén. Mot sd puli ¢6 goc 6m
cda cdp 1én puli nhd (nhu cdc puli d& cdp) va it 1am vigc (nhu puli cin bing) cé thé
18y dudng kinh nhod hon so vdi tidu chuédn. Trong nhitng trudmg hop cin phai gidm bot
kich thudc va trong lugng may, cé thé [dy dudng kinh tang giam 15%, puli can bing
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giam 20%, puli trong paling dién, cin truc kiéu cdu va may dao giam 30% so véi diéu
kién tinh toan (3.2).

Trong co cdu ning, tuyét doi khong dugc phép néi cap dé tang chidu dai. Céc chi
ti€t ¢ dinh ddu cap trén céac truc, chdt va trén tang phai di bén va cé do tin ciy cao,
théa man cac yéu cau an toan trong tiu chudn.

Trong qua trinh s dung cap, cin phai bio duong, bdi tron va kiém tra cip thudng
xuyén, dinh ki theo quy dinh trong tiéu chudn.

Cip hdng chi yéu do mdi, cho nén né khéng xdy ra tdc thdi ma phat trién dan dan.
Thot gian bi pha hong dai, diac biét 1a cap lam viéc trong ch€ do lam viéc nhe. Qua
trinh pha héng cap la qua trinh dut ddn ting soi thép tir ngoai vao trong. Do d6 trén
co s& nghién citu va kinh nghiém sir dung ma ngudi ta quy dinh s6 soi thép dit cho
phép trén chiéu dai mot budc bén, chwa dén gidi han d6 cap van lam viéc an toan. SO
soi thép dit cho phép trén chiéu dai mot bude bén cia mot s6 loai cap cho & bang 3.1.
Khi kiém tra cdp néu sd sgi thép dut qua gioi han dé thi phai thay cdp mdi. Néu céip
duoc bén tir nhing sgi thép ¢é dudng kinh khac nhau thi sgi nhd dugc tinh ta 1 va soi
to duge tinh 1a 1,7 sgi. Chiéu dai mot budce bén duge xac dinh theo quy tdc: Trén bé
mit mot danh cap bat ki dinh ddu mot diém va tr d6 dém doc theo truc cap s& danh
cdp bing ding s6 danh c6 trén ti€t dién ngang cta cap va ddnh ddu mot diém nira;
khodng cich gitra hai di€ém da danh ddu chinh la chiéu dai mdt budce bén cda cép. Trén
hinh 3.2b la chiéu dai mot budce bén cia loai cap ¢é 6 danh trén ti€t dién ngang.

Bang 3.1. So s¢i thép diit cho phép trén mot buwdc bén

Cau tgo cap (s0 danh x s6 sgi cia mot danh)
He sd an — - -
todn n 6 x 19 = 114, 16i day 6 x 37 = 222, 161 day 6 x 61 = 366, 161 day
Bén xudi Bén chéo Bén xuéi Bén chéo Bén xudi Bén chéo
<6 6 12 1 22 18 36
6-7 7 i4 13 26 19 38
> 7 8 16 15 30 20 40

Neéu lop soi thép ngoai cung da mon thi s6 s¢i thép dat cho phép 1dy theo bang 3.1

nhian vdi hé s6 k nhu sau:

Mon dén 10% 16p sgi thép ngoai cung k =0,85
Mon 10 + 14% ldp soi thép ngoai cing k=075
Mon 15 + 19% lop soi thép ngoai cung k=07
Mon 20 = 24% 1dp sgi thép ngoai cing k=06
Mon 25 + 30% lop s¢i thép ngoai cung k=205
Mon trén 30% 1dp soi thép ngoai cung - loai bd cip (k=0)

Néu cap vdn con tot song bi dap hodac ¢6 mot danh bj dit hoan toan thi cing phai

loai bé cap.
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d) C6 dinh ddu cdp

Pé dam bdo an toan trong st dung cap thép, cdn phai thuc hién tét viéc ¢d dinh ddu
céap, théa man cic yéu céu sau: chdc chdn, do tin cay cao, dé kiém tra, dé thao 14p thay
thé, k&t cau don gian, d& ché tao va tai chd cd dinh diu cap, cap khong bi udn dot ngot.

Trong may xay dyng thudng phai ¢6 dinh d4u cap trén cac tryc, choét va ¢é dinh diu

Cap trén tang.

Trén hinh 3.4 thé hién cdc phwong phéap c6 dinh ddu cdp vdi truc, chot. Vong 1ot
{hinh 3.4a) dang dé do cap khi vong qua chot dwgce sir dung rat phé bién. Vong 16t
dugc ché tao bing phuong phdp reén hodc dap c6 ranh 12 mot cung tron hogc hinh long
mang dé do cap. Vong 16t ¢6 tac dung tranh cho cdp khoi bi udn dot ngot, giam ung

sudt ti€p xic va cap khong bi cha
xat 1&n chot khi lam viéc. Phuong
phap t&t cap duogc thuc hién bing
cidch thdo bung diu cip va ludn
cac danh cia dau cap da thio vao
than cap réi dung s¢i thép cudn
ngoai mot doan bing 20 + 25 lin
duwong kinh cdp (hinh 3.4b).
Phuong phap nay tdn rdt nhidu
cong va ngudi tét cap phai-cd tay
nghé cao d€ dam bao (€t dung
ki thuat.

Buldng chtr U (khoda cap) dugc
dung phé bién dé kep cap. Tdm
dem & phia cic dai 6¢ ¢6 ranh
hinh thang hoac tron dé ép cap
(hinh 3.4c). D€ giam bién dang
cia cap, tdm dém dugc dat vé
phia nhanh cap lam viéc con ddu
tv do cda cdp dugc ép bing
buléng. C6 thé dung buldng
thudng vdi hai tdm dém dai cé
rinh hinh thang dé kep cap (hinh
3.4d). S& lugng bulong kep cap
khong it hon 3 va chon tuy theo
duong kinh cdp. Khodng cach
gitta cac bulong kep cdp va chiéu
dai ddu cap ty do khong nhd hon
6 lan duong kinh cép.
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Hinh 3.4: Cdc phuong phdp c6 dinh ddu cdp voi truc
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Puong kinh cap, mm 11+ 18 19+ 24 25+31 32+34 35+37 38+44
So bulong kep cip 3 4 5 6 7 8

An toan nhit 12 cich ¢6 dinh diu cip bing dng con (hinh 3.4e). X0 ddu cip qua 16
nhd ciia 6ng con, thio bung ddu cip va cit 16i cap. bé gap cic soi thép va lau sach dau,
rit cap cho dau cdp nim trong 6ng con rén do chi vao Ong con.

Cach c6 dinh ddu cdp phd bién va tién lgi nhdt 1a dang khoa chém (hinh 3.4f), Cdch
¢d dinh nay ¢6 thé thdo 1dp rdt nhanh bing tay ma khong cin cac dung cu chuyén mon.
Cac chi tiét ¢& dinh ddu cip trén di dugce tiéu chudn hoa. Khi diing ta ¢ thé tinh toan
hoiic chon theo dudng kinh va luc cing cap.

Cé nhiéu cich ¢d dinh ddu cdp trén tang nhung thong dung nhat la dung chém, dung
buldng va tdm dém. Trén hinh 3.5a thé hién cich ¢ dinh diu cédp trén tang bing m
dem trong long tang. Tam dém ép dau cap lén tang nhd cic vit cdy hoac bulong.

Hinh 3.5: Cidc phuong phdap cd dink daw cdp teén rang
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Thong thudng, ¢ vi tri thap nhat cia modc treo, trén tang phai con lai it nhat 1,5 vong
cip dé gidm tai trong tac dung lén ddu kep cap. Vay luc cang tai chd kep cap dugc tinh
theo cong thuc Ole:

Trong do:

Siax - luc cdng cdp lén nhat;

f - hé s0 ma sat gitta cdp va bé mat tang, f = 0,1 + 0,12;

o = 371 - goc Om clia cip trén tang.

Né&u tong lyc nén cla cac buldong xudng tim dém 1a P thi lyc ma sdt gitta cdp va
tang, gitra cip va tim dém la F = P.f. D0 tin cay cua kep cap trén tang dugc dim bao
bing diéu kién 2F > §,.

Pudng kinh trong clia ren bulong d, dugc tinh theo nén va udn theo codng thirc sau:
G = ni.]7,3.P . n.f.P.{ <1
nd; 2 0,1d).Z
ek

6] ; (3.3)

Trong dé:

n; 2 1,5 - hé s6 an toan bén cua buldng;

Z - s0 bulong kep cap;

[ - tay don dat luc S, gay u6n buldong va dugce tinh tir diém gitra doan tién ren trén
tang d€n tam cap (hinh 3.5a);

1,3 - he s6 ké d&n ing sudt xodn xuat hién khi siét bulong;

o] - ung sudt cho phép ciia vat liéu bulong dugce 138y vdi hé s an toan bén khong
nhé hon 2,5.

Phuong phdp cd dinh diu cdp trén tang nhu hinh 3.5a thudong dung cho tang cudn
nhiéu 1op cdp vi loai tang nay khong cho phép kep cdp trén bé mit cudn cdp cda tang.
Nhuge diém ca phuong phap nay 1a két cdu tang phirc tap, khé ché tao, khé kiém tra
va thay thé kep cdp. Vi vay phuong phédp nay it dugc dung.

Chem kep cap (hinh 3.5b) diing rat t6t cho nhing cép cé duong kinh nhd hon 12 mm.
Phuong phdp nay tién lgi va dé thay cdp song k&t cdu tang phic tap, khé ché tao va
thuong ding cho tang cudn nhiéu 16p cap. D€ dam blo ty ham, dd con cla chém thudng
Ay tr 1: 4 dén 1 : 5 (1g@ < 2f).

Phuong phép ¢6 dinh diu cap trén tang thong dung nhit la dung tdm dém bén ngoai
ép cap lén bé mat tang bing bulong (hinh 3.5¢). Tdm dém vdi ranh hinh thang la 6t
nhat va thong dung nhit. Méi tdim dém dugc bit vao tang bing mot hodc hai bulong.
Néu mdi tdm dém dugc bdt bing mot buldng thi 8 tim dém khong dugc it hon hai,
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khong phu thudc vao tinh todn. N&u tdim dém ding hai bulong thi ¢6 thé ding mot tdm
dem d6i v6i cap co dudng kinh bé hon 31 mm va hai tdm dém d6i voi cap cé duong
kinh 1¢n hon 31 mm. D€ tinh toan kep cdp kiu nay, ta gid thiét ring:

- Céc lyc tac dung vao cap khong lam thay d46i ti€t dien mit cdt ngang ciia cap;

- Cap duoc cot nhu day mém cé bé mit ngoai Ia hinh truy nhin;

- Thay mot s6 tdim dém bing mot tdim dém kep cép vai cung s& buldng.

Cap vdi lue cing 16n nhat S, dugc gitt trén bé mat chia tang bing cac thanh phin
Iuc ma sat sau: '

a) Luc ma sat gitra cdp va bé mit tang & 1,5 vong cdp giam tai trude khi kep cap:

efﬂ. _ 1
efa

Fl = Smax - Sl = Smax-

b) Téng luc ma sat gitra cap va bé mit tang trén doan AB va CD (hinh 3.5¢)
Fg - Pf

Trong dd: P - t8ng luc nén cha tim dém lén cap khi si€t bulong hay tdng luc kéo
cdc bulodng.

c) Tdng luc ma s4t gitra cap va bé mit tim dém trén doan AB va CD la F;. Pé xac
dinh F, ta xét diéu kién cén bing cap dudi tic dung cfia cic luc N va P/2 (hinh 3.5d):

N=P L
4 siny

vay F,=4Nf=P.—L_=Pf
siny

Trong d6: f, = —f~ - he s& ma sat quy ddi clia ranh tdm dém voi cap. G6c nghiéng
sin y

clia ranh hinh thang thudmg 1dy 2y = 80°.
d) Luc ma sat gitra cdp va b& mat tang trén doan BC véi goc om B = 2n

F4=SB‘SC
P
F, F P Sy S:—E(f"’rfl)
R e e e e
1 P
vf_ayﬂ:(l—m)[sl—-i(fa»fl)}

Theo diéu kién can bing cap theo luc kéo cing cap S,,, va cic luc git do ma sat
ta co:

Smax=F1+F2+F3+F4
fa_l I

sma,(:smaxeem + Pf+ Pf + (1 - ;,E)[s. - g(f+ fl)}
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Vay t8ng luc P cdn thi€t dé nén tdm dém gitr cAp nhd ma sat 1a:
zsmax |
T+ £)EP + e

34

Trong trudng hop nay, cdc bulong chiu kéo do luc P va chiu udn do lyc ma st F,
gifta tdm dém va cap véi cdnh tay don I (hinh 3.5d).

Momen udn buldng 16n nhat 1a M, = F;.l. Vay s& bulong cin thi&t dé cd dinh ddu
cép la:
P13 nFyl

7z =
ndl [0],.0,1.d}

(3.5)

(o)
Trong d6 cac ki hidu gidng & biéu thue (3.3).

3.1.2, Puli va paling cdp

a) Puli

Puli ding d€ d8i hudng cap hodc dé thay ddi lyc cing cap. Trong palang cap, puli
duge phan thanh puli ¢d dinh dé ddi hu'éng cép, puli di dong dé thay d01 luc cang cap
va puli can bing.

Puli dung trong may xay dung cé ch& do lam viéc nhe va trung binh thuong dugc
diic biing gang xam. D&i véi ché do 1am viéc ning va rdt ning, puli duge dic bing
thép diic. Céc puli ¢ dudng kinh dudi 600 mm thudng dirge diic lidn, con loai ¢ dudng
kinh 16n hon 600 mm thudng dugc ché tao bing phuong phép han (hinh 3. .6b) hoic dic
c6 nan hoa nhim gidm trong luong va tiét kiém vat lieu.

Mat cit ranh puli c6 hinh dang nhu & hinh 3.6a. Bé mit lam viéc cia ranh puli phai
dugc gia cdong co khi. Kich thude rdnh puli phai ddm béo cho cap vong qua dé dang,

2
&
/‘//i | |
7 X

9 8 g -

Hinh 3.6: Puli cdp
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khong bi ket va bé mat ti€p xidc gitta cip va day ranh lon d€ gidm gng sudt tiép xiic,
cdp d& mon. Day ranh puli 1a mot cung tron ¢6 ban kinh r = (0,53 + 0,6)d.. Géc nghiéng
cda hai thanh bén ranh puli 2a = 40° + 60°. Chiéu sau ranh puli h dugc chon tuy theo
cong dung va noi dit puli. Trong moi trwong hgp phai ddm bao h = (2 + 2,5)d,. Mot
s0 trudng hop puli ¢ ranh rat sau, vi du puli dat & ddu cdn cua cin truc ¢6 h = 5d, dé
cap khoi bi tudt khi vat lc.

Nhu da trinh bay & trén, dudng kinh puli tinh dén tam cap D phai thdoa min diéu
kién (3.2) dé ddm bdo ¢ bén lau cia cap. Diéu kién (3.2) ¢6 thé viét dusi dang:

D, > (e - 1)d,

Tuy nhign, mot s6 puli cé thé 1dy duong kinh nhdé hon so véi tinh todn. Diac biét doi
vGi cac puli dung d€ han ché do vong cha cap, duong kinh puli ¢6 thé giam dén 8d..

Cap vong qua puli phdi ddm bdo nim doc theo ranh puli, 4o léch cho phép (goc
nghigng y - hinh 3.6¢) phdi ddm bdo sao cho cdp khong de 1én thanh bén cida ranh cap
tic théa mian diéu kién sau:

tgy < _ge (3.6)
1+ b
h

Trong d6 né€u goc gita hai thanh bén cda ranh puli 2o = 60° thi goc 1éch cho phép
Y= 6"

Vat liéu ranh puli ¢6 dnh hudng 16n t&i tudi tho ciia cap. Thyc t€ s dung cho thay
cap trén puli bang thép bj mon nhiéu hon so véi cép trén puli bang gang. Véi muc dich
tang do bén lau cla cdp, nguoi ta sir dung puli ¢6 16t trén mat ranh cdp mot 16p nhom,
cao su hodc chdt déo. Néu 1dy d6 mon cia cap trén puli gang lam chudn thi do mon
ctia cap trén puli thép tang 10%, trén puli c6 ranh cip pht nhom giam 20% va do mon
cha cap trén puli c6 ranh cap phid mot I¢p chat déo gidm 40 + 50%.

O truc puli thuong dung & bi hodc bac lot. O bi duoc dung nhiéu hon do ¢6 higu
sudt cao (n = 0,97 + 0,98), bao dudng dé dang va c6 46 tin cdy cao. O moi trudng nhiét
d6 cao, c6 nhiéu bui thi higu suat puli thap hon. Vi t6c do quay cda puli nhd thi chon
& bi theo tdi trong tinh con néu td¢c do quay nhanh thi phai chon 6 theo hé s6 kha ning
lam viéc.

Puli di duoc tiéu chudn héa. Véi puli dic ¢6 nhd, ta chi chon theo duong kinh cip
cudn 1&n né, con vai puli han ¢6 dudng kinh I6n hon va ché€ tao don chiéc thi cin kiém
tra bén trong d6 thanh ranh puli chju ¢¥ng sudt udn, cic nan hoa chiu nén.

b) Palang cdp

Paling cap la mot hé thong gdm cdc puli ¢8 dinh va di dong no6i véi nhau bing cap
nhim gidm luc cing cdp so vdi luc kéo cia hé théng hodc tang tdc dd kéo cua hé thong
s0 vai toc do cdp. Vi viy theo cong dung ta ¢6 hai loai paling: palang luc (hay con goi
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12 palang thuan) - lgi vé luc nhung thiét vé duong di va van tdc; palang van tdc (hay
con goi la palang nghich) - lgi v& van t6¢ va duong di nhung thiét vé luc.

Palang lyc gdm ¢6 hai loai: paling don va paliang kép.

Palang don 1a loai paling chi ¢6 mot ddu cap cudn lén tang (hinh 3.7). Palang don
lai c6 palang don loai mdt va palang don loai hai. Paling don loai mdt (Hinh 3.7a) la
palang ¢6 nhanh cap ra khéi paling tir puli ¢d dinh phia trén va loai nay c6 sd puli n
bing s6 nhanh cdp treo vat m. Palang don loai mot 1a loai thong dung nhit va thuong
dugc dung trong cin truc quay kiéu cédn. Palang don loai hai (hinh 3.7b) 1a paling c6
nhanh cap ra khoéi palang tir puli di dong phia dudi va loai nay c6é s6 nhanh cép treo
vat m bang s6 puli trong paling n cdong vdi 1. Palang don loai hai thuong dugc ding
trong paldng dién va mot sd tdi nang dat trén cao.

m=r=3 m=r=4 m=n=5
o-3 =4 o=5
sl ¥
M Fa
\
& @ Q
<z

men+rt=4 m=n+1=5 m=n+l=6

a=5 maad
nval bl

i \.
7 f\m/

Hinh 3.7: Palang don

9

Paling kép la loai paling ¢6 hai ddu cdp cudn lén tang (hinh 3.8). Paling kép dugc
coi nhu hai palang don loai hai hgp thianh va c6 thé tinh todn né nhw hai palang don
Toai hai véi tai trong nang Q/2. Trong paliang kép ¢6 puli can bing c6 tac dung git
thing bing va chi quay dé tr didu chinh lyc cing hodc chiéu dai trén hai nhanh do sai
léch kich thudec.
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Hinh 3.8: Paldng kép

Trong paling luc, tai trong nang Q dugce treo trén m nhéanh cép, vi vay lyc cing cép
trén mdi nhanh gidm di. Pai lugng didc trung cho paldng cap 12 bodi sudt palang a. Boi
sudt palang hyc 1a s8 14n luc cing cdp giam di so véi tai trong nang Q va duge xac dinh
bing biéu thuc:

(3.7)

s
N
|8

Trong d6:

m - s8 nhanh cép treo vat ;

k - s0 nhanh cap cudn ln tang.

Nhu vay, d6i véi palang don boi suét paling a bing s6 nhanh cap treo vat m (do
k = 1) va d8i v6i paling kép (k = 2) boi suét palang a bing s& nhanh cap treo vat chia
cho 2.

Trong trudng hop vat treo tinh thi lyc cing trong méi nhanh cdp S cia palang don
giam di a lan so vdi tai trong nang Q, mit khac khi nang vat thi t8c do cia cap v, lon
gdp a 1an so v&i toc dd nang vat v, va chiéu dai cap cudn lén tang L cdng 1dn gip a
ldn so véi chidu cao nang vat H:

Q=asS
Ve = a.v,
L=aH

D&i vai palang kép, luc cang cdp trong paling S gidm di 2a = m 14n so vdi tai trong
nang Q. Paling kép thuong dugc ding trong cdc cin truc kiéu ciu.
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Palang van t6c thuong dugc ding chi yéu UL L
trong cac may thiy lyc hay khi nén c6 thé tao

ra lyc dan dong Ién nhung téc ¢ va hanh trinh % 7]
bi han ché& (hinh 3.9). Loai ndy nguoc vdi paling
lirc: tao ra t&c do nang Ién va lam viéc véi chiéu r
cao nang lén nhung (41 trong ning gidm so v ?
lirc din dong. Co thé tinh todn paldng van toc
gidong nhu tinh cho palang lyc vadi bdi sudl
a’ = 1/a.

~
. 1
/

]

Viéc chon bdi suflt paldng cé anh hudng lén
dén k&t cdu, kich thude va gia thanh cia may.
Néu boi sudt paling dd lén thi lye cang cdp,
dudng kinh céac puii va tang v.v... giam lam may
gon nhe va ré tién hon. Tuy nhién, n€u chon boi
sutt palang qud 1on sé lam cho dudng kinh cép
qua bé, cap ¢6 téc do lon lai vong qua nhidu A
puli nén cdp chéng mon, gidm higu suat troyén
dong va tang s& qua dai do dung lvgng cap cudn
trén tang lon.

SO SN

Hinh 3.9: Paldng vdn téc

Khi cufn cap trén puli, do ciing clia c4p vd ma sat cia & truc 12 hai nhan t8 chinh
dnh hudng d€n hiéu sudt cia puli.

Khi cu6n qua puli, cip cé 46 cong qua d9 lam cac sgi thép vi cac danh cia cap co
xdt vao nhau gay lyc ma st lam cén trd sy thay d8i do cong cia cap. D€ tinh lyc céan
W, do do cting cla cdp ta lap phuong trinh can bidng (hinh 3.10a):

S(R+¢)=(S+WR -b)

W]: b+C .S——_R.S
R-Db

Trong do:
S - lyc cing cép trén nhanh cudn vao puli;
R - ban kinh puli tinh d&n tam cap;

A= Bre h# s6 phu thudc vao duong kinh puli va cdp, vao tinh chit dan hdi cia

sgi thép va cdu tao clia cdp, vio géc 6m cda cap trén puli.
. .2 - - P L N -
Luc tinh tdc dung 1én & truc cia puli 1a N = 2S.sin 5 vai géc 6m a va huc cang tinh

cla cap S. Dudi tic dung cia N, ¢ 6 truc sinh ra lyc cdn ma sat F (hinh 3.10b). D€ xac
dinh luc cdn do ma st & 8 truc W, ta l1ap phuong trinh cin bing momen d6i véi diém
tam puli:
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Fd=W,D
Vay W, = 2sin & f. ds=08
2 D
Trong d6:
f - hé s6 ma sat & truc;
d, D - dudng kinh & tryuc va puli tinh d&n tam cap;
o =2f. 9 sin% - he s6 cin ma st 8 truc.
D 2

Tdng lyc can cha puli khi kéo cap la:

W =W, +W,=(A+a)8

-

(3.8)

Trong palang c6 puli ¢ dinh va puli di dong. Hiéu sudt clia puli c¢6 dinh 1, (hinh

3.11a} la ti s8 giira cdng c6 ich & nhanh cudn S, .h chia cho cong sinh ra & nhanh nha S,.h:

Sch 0§ 1
S;h §+W  1+A+o
Tinh toén tuong tu vdi puli di ddng (hinh 3.11b) ta c6:

Qh =ﬁ.+Q_
S,2h 28,

Ldy can bang luc tac6 Q =S, + S, =S55. Ny + S,

ncd =

_ So(Meat 1) _ 14 Meq

Viy: ‘ 1
Nda 25, 2

F
2
g
S
Srwe
c b
' D
1 S S+rw;
Rrc -5
1
Q) &)

Hinh 3.10: S dé tinh liec can cuia puli,
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So sanh higu suét cia puli di dong va c6 dinh ta thay:
Mag _ 1 1

= + = >1
Nea zrlcd 2
Vay puli di dong c6 hi¢u suit cao hon puli ¢& dinh. ,
T
2h Ts,

R
p A ! / h
Q) -L :sit; Sprw b)\ »

Hinh 3.11: So @6 tinh hidu sudt caa puli c& dinh va di déng

Tir cong thire (3.9) ta thay hiéu sudt clia puli phu thudc vao do cing cla cédp, dudng
kinh puli va & truc, loai & va diéu kién bbi tron, géc dm a, trong d6 tdn thdt do ma sat
& truc 1a y&u t6 anh hudng 16n nhit dén hiéu suit cia puli. Vi vay dé don gian tinh
toan ngudi ta 1ay hiéu sudt cda 18t ca cac loai puli (cd dinh va di dong) tdy thudc vao
loai & tryc. Puli c6 8 truc 1a 8 bi = 0,97 + 0,98 va 8 truot n = 0,94 + 0,96.

P&i vai banh xich bi ddong va tang cudn cap khi lam viéc cling ¢6 cdc thanh phin
lic can nhwr d6i v&i puli. Trong tinh todn ngudi ta thudng Iy hi¢u suit tang cudn cap
M, = 0,96 + 0,98 va hiéu suit cda banh xich hi dong n, = 0.94 + 0.96.

Biing cich tinh trong ty nhir doi v&i puli, hieu sudt cia palang cap n, bang ti s6 gira
cong ¢o ich Q.h va cdng sinh ra do lyc dan doéng S.a.h.

Dé tinh lyc kéo S, ta coi tit cd cac puli trong paling ¢6 ciing hiéu sudt n.
bai voi palang loai mot (hinh 3.12a) ta ¢6:

Sy =8n;

S, =8 = S.'l]2 :
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Ldy can bing luc theo truc oy ta cé:
Q=S| +Sz+...+sa

Thay gid tri cdc lyc cing cap trén theo S ta c6 biéu thic sau:

Q=Sn+Sn*+...+Sn°
Q=Sn +n+n"+...+79"H.
Trong ngodc la mot cdp s nhan vai cong boi n, vay:

Q=sn lz07n _ g nl-n?)
l—m I-m

el
!
—

- S
Y SThRis] sl s siefsT 3 5
WA
Y s
=5 KK
0‘——-_-..1 ¥l {Q

@ )

Hinh 3.12: So d3 tinh hi¢u sudt paldng

Hiéu suft cia paling don loai mot la:

M = nd-n) (3.11)
a(l —n)

D& v6i palang loai hai (hinh 3.12b), ta thiy s& puli trong paling bing s& nhanh cap
treo vét trir mot tire béng (a - 1). Vi vay ta cd:

S] = ST] s
Sy, = 51-7121
Sﬂ_] = S.Tla*l
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Ldy can bing luc theo truc oy:

Q=S +Sn+Sn +...+8Sn*

Q=S +n+n+ ...+

Q=5 1=10

I-n
Hig¢u suit clia paling don loai hai la:
a
My = —-—T_ (3.12)
a(l —n)

Tir (3.11) va (3.12) ta thay paling loai hai c6 hiéu suit cao hon palﬁng loai mot (voi
cung bdi sudt a, paling loai hai c6 s@ puli it hon).

Trong tinh toan, ta thudng phai xac dinh luc cing cap 1on nhdt dé tinh chon cap.
Trong trirdng hop tdng quat, cdp sau khi ra khéi paldng con di qua cac puli c6 dinh d8i
hudng cip ngoai paling réi mai cuén lén tang. Vay luc cing cdp 1on nhit cudn 1én tang
dugc xic dinh bing biéu thirc sau:

-9 (3.13)
an,m _
Trong d6: r - s& puli d8i huéng cdp ndm ngoai paling.

SITIRX

boi vdi paling kép co hai nhdnh cip cubn lén tang thi:

=9 (3.14)
2an,n’

Smax

3.1.3. Tang cuén cdp

Tang 1a chi tiét dﬂng dé cuén cdp, bi€n chuyén dong quay thanh chuyén ddng tinh
ti&n va truyén lyc ddn dong téi cap va cic bd phan khac.

a) Phdn logi tang
Theo cau tao, cong dung va phuong phap ché tao, tang gém cac loai sau:

- Tang try, tang con va cic tang c6 dudng kinh thay d8i. Trong mdy xay dung tang
tru dugce s dung phd bi€n nhat. Tang con va tang ¢6 dudng kinh thay ddi thudng dung
trong cac toi b8 sung cap voi téc do cap thay d6i hodc din cap bing ma sat.

- Tang cudn mot lép cap va tang cudn nhiéu Idp cdp, trong dé tang mot 16p cép dugc
diing nhiéu hon. Khi dung luong cap cudn lén tang rit 1on, d€ giam kich thudce cda tang
nguoi ta thudng ding tang nhiéu lép cdp (hinh 3.13). Nhugc di€ém cia tang nhiéu 16p
cap la cap chéng mon vi cdc 10p cap phia dudi chiu luc ép lon do cac 1gp trén de 1én
' va gitra cdc vong cap cing c6 ma sat. S8 lop cdp thudng khong vugt qua 6 16p va tang
loai nay phai cé g& cao hon chidu cao cda Idp cap ngoai cung 1a 2d, trd len.
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Hinh 3.13: Tang nhidu lop cdp

- Tang trom va tang ¢é ranh. Thong thuong ngudi ta ché tao tang tron dé cuén nhiéu
16p cdp va tang ¢6 ranh ding dé cudn mot 16p cap. Tang c6 ranh gém tang don dung
voi palang don va tang kép dung cho palang kép. V&i tang don thi ranh cap trén tang
¢6 hinh xodn 6c¢ hoidc phia phai hodc phia trdi nhung v&i tang kép phai ¢6 mot doan
xodn phia phai con doan kia phia trai. Tang c6 rinh ¢6 nhiéu yu diém va dugc st dung
phd bién nhat. Ranh cap trén tang c6 tac dung dan cap cudn déu 1én tang, cac vong cap
khong tiép xtc vdi nhau va dién tich ti€p xdc gitra cdp va tang Idn lam giam dng sudt
ti€p xuc. .

Mt cit ranh cap 1a mot cung tron c¢é
ban kinh R = 0,6d, (hinh 3.14). Chiéu sau
ranh cap h va budc cap t duge quy chuédn
theo hai loai: ranh sau ¢é h = 0,5d_; ranh
nong ¢é h = 0,3d, vdi budc cap t nhé hon
s0 v&i loai ranh sau. Budc cap thuong ldy
t 2 1,1d, hoic 13y trong khoéng:

t=d, +(2+3)mm, Hinh 3.14: Mdr cdr ranh cdp cia tang

- Tang dic va tang han. Chon tang duc hay tang han phai dya vao kich thudc tang,
quy md sdn xudt va diéu kién ché€ tao tang. Tang dic cé trong lugng lon, dung trong
san xudt hang loat, gia thanh ha, dic bing gang xam ho#c thép dic. Do yéu cdu cong
nghé ché tao tang dic ma chiéu day thanh tang & khong nhé hon 12 mm va thuong
dugc tinh so bo theo cong thirc sau:

gang d =0,02D, + (6 + 10) mm,
thép dic 6 = 0,01D, + 3 mm.

Sau d6 kiém tra bén tang. Tang han nhe hon tang dic 35 + 40%, thuong dung trong
san xudt don chiéc vai tang c¢6 kich thudc lon.
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b) Tinh todn tang

Duong kinh danh nghia D cia tang 13 dudng kinh tinh dé€n tam 16p cap thiy nhit va
duge tinh theo diéu kién (3.2) titc D 2 e.d, hay D, 2 (e - 1).d, vdi D, 12 dudng kinh bé
mit ti€p xic vdi cap cia tang.

Chiéu dai lam vi¢c cua tang don mdt 1op cdp duge xac dinh theo cong thire:

L =27t (3.15)
Trong do:
t - budc cdap; _
Z - s vong cap cudn lén tang.
z=2H , 75 (3.16)
n.D

Trong d6:

H - chiéu cao nang;

a - boi sult palang cap;

a.H - dung lugng cdp cilla palang cdp cudn lén tang;

7.5 vong cap duge phan phoi nhu sau: 1,5 vong dé gidm tai trong tac dung vao diu
kep cap 1én tang, 4 vong d€ cd dinh ddu cdp trén tang con 2 vong thira & diu tang. Tuy
nhién, tdy timg trudmg hop ma sd vong dé ¢d dinh diu cap trén tang va s6 vong thira
it hon.

Chiéu dai lam viéc cda tang kép (hinh 3.15b) dugce tinh theo cong thiec:
I—’l = 2(L| + Lz) + L3
Trong do6:
L, = 4t - ddng d€ kep ddu cap lén tang;
L,=2Zt= (% + 1,5 ).t, voi 1,5 vong cap dé giam tai trong trén diu kep cdp;
.

L; - phin tang khong tién ranh ddm bao cho gdéc lech cap véi puli trong paldng dudi
gia tri cho phép theo diéu kién (3.6) khi méc treo & vi tri cao nhat (cach tryc tang mot
khodng bing h,;, - xem hinh 3.15b).

L]max =b+ 2'hmin‘tgy ;
L.lmin =b- 2hmin-[g‘Y .
Nhu viy chiéu dai tang kép mot 1dp cap la:

L = 2(% + 5,5+ Ly (3.17)

Doi voi tang don (hinh 3.15a) ta phai dam bao khi méc treo & vi tri cao nhat thi
khoang cach I d6i vdi tang cé x& ranh sao cho a, < 6° va I, d6i véi tang tron sao cho
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a; <2° Vay khoang céch tdi thiéu tir truc tang don d€n tryc puli di dong trong palang

cap la:
. cotg 6°

0

Tang xé ranh: [y

Tang tron: I = 22"— . cotg 2°
Chiéu dai cda tang cudn nhiéu lép cdp dugce tinh nhu sau: Néu tang c¢6 dudng kinh

D, (hinh 3.13), cudn n Iép cap, mdi lI6p Z vong thi lrgng cap 16n nhat ma tang c6 thé

cudn dugc 1a:
L=nZD;+D;+..+D,
Ly

iy

lfl lZ | L3 L L2
| ] ™

| T
[ i
[ !
L | ) .
f
| S
1 !
|

j' i
7] A !

b

&
*

L/
Hinh 3.15: So dé tinh kich thubc hinh hoc cia tang dom va tang kép cubn mor lop cdp

Trong d6: Dy=D,+4d, ;
D;=D;+2d. =D, +3d,;
D,=D,,+2d.=D;+ (2n - 1)d, .
Vay: L=nZ{aD+[1+3+5+..+@2n-D]d.};

L =nZ.(nD,+n’d).
Mit khéc, dung lugng cap cén thiét cudn len tang khi cé chiéu cao nang H va boi

sudt paling a la:
L.=aH+ 1,5%.D,
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S& vong cap Z (cudn lén tang n 1dp cap) dwoc rit ra tir dang thic L = L

, . aH+ 151D, (3.18)

n(n.D, +n’d)
Chiéu dai tang cuon n I6p cdp dugc tinh theo cong thic: L, = Z.t.¢
aH+ 1,51.D, L.t@

L, = Le = 5 (3.19)
n(n.D, +n’ dc) (n.D,+n".d,)

Trong d6:
t = d. - budc cap d6i vai tang tron;
@ = 1,1 - h¢ s0 x€p cap khong déu.

Trong thuc t&, s8 lop cdp khong duge vugt qua 6 16p va han ch& chidu dai tang
L, = (2 + 2,5) D,. S0 16p cdp c6 thé tham khdo chon theo kinh nghiem nhu sau:

L., m < 50 50+ 125 125+ 200 200+ 350 350 + 550
n | 2 3 4 5

Trong qua trinh lam viéc, tang chiu cic wng sudt nén, udn, xodn trén thanh tang.

Ung suit nén 1a thanh phan tng suat 16n nhét sinh ra do lyc tic dung cia cép cudn
quanh tang. D€ tinh @ng suit nén, ta tich mot vanh tang cé do dai bing mot bude cap
t vi xét né nhur mot vanh phing (hinh 3.16).

Srax
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Hinh 3.16: So d6 tinh ting sudt nén trén thanh rang
Lyc cang cép 16n nhit S, gdy ra ap luc phian bd p trén vanh tang va gia thiét d6
la lyc phan bo déu.

Pé tinh ap lyc p, tich mot phan & dién tich dF trén vanh tang, dF = t.R.d@ tng voi
luc tic dung lén phan t6 dF la:

dS = p.dF = p.tR.do
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Lap phuong trinh can bing cho cap theo truc y-y:

n/2
28 hax = ZJp.t.R.cosq}.d(p = 2R.tp ;

[¢]

250k = Daitip
p= % (3.20)

Vay:
D,.t
Pé tinh ng sudt cda thanh tang do p gay nén, coi tang nhu mot dng day va ap dung
két qué bai toan Lame trong sitc bén vat liéu vdi truong hop 8ng day chi chiu ap luc

nén p tir phia ngoai:
2

Ung svat di€m trong cing: o, = —2p. ,,Dz n
D} - D}

202

Ung sudt diém ngoai cing: o, = —p.M
D; -Dj

Nhu vay thanh tang dudi tic dung cia p chiu ¢ng suit nén va uing sudt nén di€m
trong cung o, 1a ldn nhat. Thay gid tri cda p tr (3.20) va D, = D, - 28 vao cong thirc

tinh g,, ta co:
(3.21)

S
- - max
0'“_ = Gn = 6

(1-~—52-).8.t

Trong nhiéu trudng hop vi 8/D, rdt nhd nén ta c6 thé 1dy gia tri ¥ng suat nén lén

nhdt theo cong thuic sau:
(3.22)

max — Smax

n d.t

Cac momen udn va xodn 16n nhét dugc xac dinh theo cong thirc sau (hinh 3.17):

L3

23max

 Smace

S

Hinh 3.17: So d6 tinh mémen uén va xodn
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bdi vai tang don:

L.S D
M:;nax — 4max . Mx = Smax- _E_
Ddi vai tang kép:
Sha{L—-L
M::qax I'I'Iil\(2 1) ] Mx - D.Smax
Vay 1ing sudt udn va xodn trong tang la:
o, = M, T, = M,
u- Wu' ’ X Wx

Trong d6: W,, W, - mdmen chdng udn va chéng xodn cia mit cit tang. Vi duong
kinh trong va ngoai cia tang ia D, va D, (hinh 3.16) ta co:
4
W, = 0122 D
W, =2W, .
Nhur trén da trinh bay, tang dic ¢d chiéu day thanh tang khong nhdé hon 12mm va
duge chon so bo theo cong thirc kinh nghiém, sau d6 ti€n hanh kiém tra bén.

D&i voi tang mot 1dp cép, loai ¢é chidu dai tang khong 16n hon 3 14n dudng kinh
cda né (L, < 3D} thi thanh phin tng sudt udon va xodn rdt nho, chi bing khoang
10 + 15% iing sudt nén. Trudng hop niy nguoi ta cho phép ki€m tra bén thanh tang
theo Ung sudt nén con ing suat udn vi xodn duoc tinh dén bing céch ting hé s an
toan bén khi tinh trng suat nén cho phép.

G, = _ Swa < o], (3.23)

(1—1—;).61

Hé so an toan bén d€ tinh dng suit nén cho phép [o], lay bing 1,4 + 1,5 d6i vai
lang bang thép va 4 + 4,25 d6i véi tang bing gang.

Ung sudt phap do mdomen udn vi xodn gay ra ¢é thé tinh theo cong thic:
. VM2 +(0,75M,)°
W

u

Doi vai tang mot 16p cap ¢6 chidu dai lgn L, > 3D, thi phai tinh thanh tang chiu iing
sudt phurc tap: nén, uén va xodn. Trurde tién ta kiém tra so bo thanh tang theo tng suit
nén bing diéu kié¢n (3.23), sau d6 ¢6 thé dung thuyét bén Mo dé kiém tra vi thuy&t bén
Mo dap dung duge cho cic loai vit ligu giodn, déo (gang, thép).

Téch mot phan td trén thanh tang, phin td nay ¢é nhitng (ing suflt sau: cic tng sudt
phap o, va o, trong d6 ing suiit udn o, hirdng theo truc tang ; trmg suat nén o, hudng
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theo phuong vudng géc vai ban kinh tang di qua phan to da tach va vudng géc vdi o;
tng suit ti€p 1, do mémen xodn M,. Nhu viy day la trang thai tng sudt phing va dé
ki€ém tra theo thuy&l bén Mo ta dua phan t6 @4 tich vé trang thai cdng chinh (chi ¢é
rng sudt phap, con ung sudt tiép bing khong). Cic dng sudt chinh cla trang thdi cing
chinh dugc tinh theo cong thic:

oy = % [0“ - G, + '\[(G‘I,+O'n)3+4‘t‘;,] :

o, =—%[cu - 6 = Vo, + o + 42| . (3.24)

Ung sudt tuong duong duge kiém tra theo thuyé&t bén Mo nhur sau:
Oy = 0 - .03 < [o]; (3.25)

Trong d6: a = [o] /o], vai [o]; va [o], 14 ¥ng suit cho phép theo kéo va nén clia
vat lieu tang. Dol vai vat lieu déo a = 1.

P
EEREREL
e 4 r i /Z_QLL/’
ﬁﬁﬁﬁﬁﬁﬁﬁ ] %
Y.o--"T T -
I IIITITIT TSI IIIIFS
1 bttt
Ly

Hinh 3.18: So d6 tinh 6n dinh tang

boi vai cic tang ¢6 chiéu dai va dudng kinh 16n (chiéu dai tang trén Im va dudng
kinh trén 1,2 m) thi chidu day thanh tang trong d6i mdéng so va&i kich thude tng theé
ciia tang va duoc coi 1a loai tang ¢é vo mong. Dudi tic dung clia ap hye ngoai p, ¢o
thé tang d0 bén song tang vin hédng do mat 8n dinh (hinh 3.18).

Tang dugc kiém tra 8n dinh theo cong thirc sau:

,
p= 2Smax _ Smax o P (3.26)
Dt Rt kg

Trong do6:
koe = 1,3 + 1,5 - hé s& an toan dn dinb;

P - 4p luc nén tdi han, N/em?, duoc tinh theo cong thire sau:
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§
Pn=A ( R )

Heé s6 A phu thudc vao vat liéu tang, d6i véi thép co thé lay A = 525.000, d61 véi
gang A = 250.000 + 325.000. Cong thic chung d€ tinh A 1a:

A=—FE
4(1 - )

Trong do6:

E - modun dan héi, Nfcm?;

U - hé s8¢ Poatxong.

Truong hop tang khong dam bio d6 8n dinh thi phéi tinh lai kich thudc tang hoic
gia c6 thém cic gan tang cing.

Khi tinh stc bén cta tang mot 1op cap ta da gia thiét 1a lyc nén cda cap lén tang
dugc phan bg déu theo chiéu dai va khong xét t&i dnh hudng do bién dang cda cdp va
tang khi chiu lyc vi dnh hudng @6 khong lon. Nhung trong tang nhidu 16p cap, néu
khong k€ dén dnh hudng d6 s¢ pham phéi sai s6 tinh todn 16m va tang sé& rdt day vi thye
t€ 16p cép tren de lén cac 1op cap dudi gay bién dang céc 16p cdp dudi va phin con lai
cua tai trong hudng kinh méi ¢é tac dung nén thanh tang. Nhur vay khi s8 16p cap tang
thi ap lyc hudng kinh dat 1én vanh tang ctng ting nhung khong tang ti 1¢ thuan véi s6
1gp cdp. Quan h¢ gitta ndi lyc va bién dang & day rat phirc tap va céc tac gid da dvara
nhiéu cach tinh. Ta chon cédch tinh don gidn bdng c4ch them hé sd A, ké d€n muc do
tang cla ing sudlt nén khi tang cudn n Iép cap. Vi tang nhiéu 16p cip thudng cé chiéu
dai L, € (2 = 2,5)D, nén ung sudt uén va xodn nhd. Ta kiém tra bén tang theo ng
suit nén:

S

G,= A, —mx < [g], (3.27)
1—é S.t
( D, ) .
Trong dé:
n=1 (tang cudn mot I6p cép) taco A, =1 ;
1+A
2+3A

n=3 A';=] + N
(1+A)(1 + 24)

3+ 120+ 1107 ,
(1+A)(1+20(1+30)

4 + 30h + 70A% + 50A° _
(1+ A1+ 200 + 301 +420)

89



. E.F. .. oo : PR .
He s6 A = # v6i E, E, la moédun dan hdi cda vit lidu cap va tang; F,, F, 1a dién
tt

tich mat c4t cia cap va tang. Doi vdi cap thép c6 thé idy E, = (8.10° + 10.10% N/cm’.
Trong cac phép tinh thyc (€, c6 thé 14y cac he s& A, nhu sau: A, = 1,2; A, = 1,43;
Ay =2; A; =285,
Thuong thi tir 5 16p cip trd 1én ngudi ta ldy A, = As vi cdc 16p ciap tha 6 trd 1én
khong gay thém dp lyc hudng kinh lén thanh tang do bi€n dang cla céc 16p cédp trong.

Ngoai tang try, c¢6 thé ding tang con trong :
truong hop lyc cing cap cudn lén tang thay , 7
d6i trong mot khodng 1én (hinh 3.19). Vi du
tang trong co cu nang cdn cha cin truc, Khi |
can ¢ vi tri thip nhit, cdp ¢6 lyc cang lon r_
nhit cudn l&n tang ung vdi duong kinh nhd
nhit D,,,. Trong qua trinh nang can, lyc cing
cap giam din cudn lén tang con véi dudng //‘ g
kinh ting dan dé€n D, ung vdi vi tri cao nhat g§ == ' : Q
clia cdn ¢6 lyc cing cap nhd nhit. Nhu vay
trong qua trinh nang ha cin bing tang con,
trén truc tang ¢6 momen xodn gin nhu khong
d6i. Puong kinh nhé nhét D, ca tang con |
dugc tinh tir diéu kién (3.2) theo ban kinh udn
cong cap con dudng kinh Idn nhdt D, dugc
tinh tir didu kién moémen xoin trén truc tang '

khong ddi: Hinh 3.19: Tang cén
Dmax'Smin = Dmin'smax

3.1.4. Tang va puli ma st

a) Tang ma sdt

Trong nhitng trudng hop cin dich chuyén téi trong trén mot khoang cach 16n nhu dé
di chuyén xe con thay d6i tAm vdi cla cin truc thap, di chuyén xe con c6ng tryuc, din
dong dudng cép treo va cin truc cidp v.v... nguoi ta thuong dung tang ma sat vi vdi tang
cudn cap may sé rat cdng kénh do dung lugng cap cudn lén tang lon. Dic diém cia
tang ma sit la khong c§ dinh ddu cép trén tang ma cudn Ién tang mot s§ vong, khi tang
quay thi mot nhanh cap cudn vao vdi lyc cang S, = S, va nhanh kia nha ra vai luc
cing S, = S, Tang truyén chuyén dong nhé ma sit gitta cap va tang. Tang ma sat
gbm loai hinh try va loai cé duong kinh thay ddi (hinh 3.20).

Kha ning kéo cdn thiét clia tang ma sat U d€ dich chuyén tii trong dugc tinh tir lyc
can dich chuyén tai trong va cac diéu kién lam viéc vdi hé s an todn cin thiét. Luc
cdng cap nhé nhit S, trén nhanh nha dugc tinh tir diéu kién lyc cing ban ddu dé truyén
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Hinh 3.20: Tang ma sdt
lyc bing ma sat ho#c tir didu kién 0 vong cho phép cia cap. Vay luc cang cép lon
nhat S,,, trén nhanh cu6n cén thi€t d& dich chuyén tai trong la:
Smax =U + Smin

S8 vong cdp cén thi€t cudn lén tang ma sit dugc tinh tir didu kién cdp khong bi trugt
trén tang theo cdng thirc Ole:

Smax = Smin-e ™" (3.28)
Trong d6:
f - hé s& ma sat gitta cap va tang.
Vay: n= lgsmax" Igsmin (329)
2n.fige

Tang ma sat hinh try thuong duge xé ranh cap theo hinh xodn 6c. D€ ting he s6 ma
sdt, ngoai ranh tron c6 thé 1am cac ranh c4p dac biét khac. Tuy nhién, véi cac ranh cap
nay tudi tho clia cap gidm.

Chiéu dai ciia tang ma sét hinh try dugc tinh theo cong thikc:

L =41 4 (n+4) (3.30)
D
Trong dé:
I - chiéu dai,van chuyén tai trong;
t - budc ce‘lp‘;
D - duong kinh tang tinh dén tam cap;
4t - cac vong thira & hai dau tang.
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Vi céap di chuyén doc theo truc tang trong qua trinh lam viéc nén vai chiéu dai van
chuyén Ion, chiéu dai tang rdt 16n. Khi d6 c6 thé ding rang ma sit c6 dudng kinh thay
d8i. Khi cdp di chuyén theo chidu truc tang, né s& bi trugt vé vi tri ¢l va vi thé tung
rit gon song cap $& rat chong mon. Diéu kign dé cap co thé trugt vé vi tri ci la géc
nghiéng thay déi duong kinh ¢ phéi ln hon géc ma st p gitta tang va cap:

tgp > f =tgp hay ¢ > p

Dé c6 dugce hai t6¢ dd nguoi ta dung tang ma sat ¢6 dudmg kinh thay déi véi hai bac
khac nhau (hinh 3.20). Cac duong kinh D, va D, cla loai tang nay xac dinh tir cac
téc do cho trudc v, va v, D€ thay cap dugc tign lgi va do tang ngdn, tang ma sat
c6 duong kinh thay déi thuong dugce lip cong xon véi truc din dong no.

Dé tang luc bam gitra cdp va tang, c6 thé 1am cac gan nhd trén bé mit tang doc theo
truc tang.

b) Puli ma sdt

Puli din cap bing ma sat (goi tdt 1a puli ma sat) dugc dung phd bién trong thang
mdy, dudng cdp treo va cin truc cdp. Kha ning kéo ciia puli ma sat dugce tinh nhu déi
v@i tang ma sat - theo cong thic Ole, song géc 6m cla cap lén mdi puli thuong khong
vugt qui 371/2 ngoai trir truomg hop dung puli phu va cdp vong qua puli ma sit nhiédu
lan trén cac ranh cap riéng biét nhd puli phu. Khac vdi tang ma sat, puli ma sat co céac
ranh cédp rieng biét ma khong theo hinh xodn &c. S6 ranh cap trén puli ma sat tay thudc
vao s8 sgi cap din dong trong may va ciach mic cap. P&i voi puli ma sat, mot sgi cap
c6 thé cudn néi ti€p 1én nhidu puli ma sat dan dong déng thoi dé ting goc 6m. Puli ma
sat dung trong thang may thuong ¢ géc 0m bing 1 voi s6 rinh cap khong nhé hon 3
tuy theo loai thang may. Mot s& puli ma sat ¢ ranh cdp phd chat déo dé ting ma sat.
Rinh puli va cap ¢d cung dd cung s& ddm biao dd mon it nhat d6i vai cd cdp vi rinh
puli. Puong kinh puli ma sat ciing dugc tinh tir diéu kién (3.2) véi hé s6 e ldy tiy theo
loai may va diéu kién lam viéc.

Hinh dang mit cdt ranh cdp trén puli ma sit c6 4nh huéng lon dén kha ning kéo va
tudi tho clia né. C6 3 loai ranh cap: ranh tron, ranh tron ¢6 xé dudi va ranh hinh thang

(hinh 3.21).
B

Hinh 3.21: Cdc logi ranh cdp cda puli ma sat
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D6i v6i puli ma sat, he s& ma sét trong cong thic Ole 12 he s& ma sat tinh toén f,, n6
16n hon he s6 ma sat gitta vat liéu cdp v6i ranh puli f va phu thudc vao dang ranh cép.
Smax = Smin-efrB

Trong d6: 0 - géc dm cla cap lén puli ma sat.

Hé s6 ma sat tinh todn cla ranh tron cé xé dudi (hinh 3.21) duoc xac dinh theo cong
thirc sau:

4(sin§—sin%
f,=1f

) (3.31)
¥ — o + siny — sinat

Ranh cép tron ¢6 hodc khong xé dudi thuong dugc tinh voi goéc ti€p xidc gitra cap
va ranh y = nt va day cdng 1a truong hop khi ranh cdp bj mon.

Vay hé s0 ma sét tinh todn cta ranh tron c6 x@ dudi la (y = n).

4(1 - sin%)

f,=1. - (3.32)
7 — o — sina
Hé s& ma s4t tinh todn cia ranh tron 14 trudng hop trén véi a = O:
f=f4 (3.33)
n

Ddi v6i ranh hinh thang, hé s ma sat tinh todn duge xdc dinh theo cong thirc:

£ =f 1 (3.34)

Trong d6: géc nghiéng B ctia hai thanh bén rinh cap phai thda maﬁ didu kién p > 2p,
vGi p 12 g6c ma sat gitra vat liéu cap va ranh puli d€ cap khong bi ket trong ranh puli.

Ngoai viéc phai ddm bao c6 he¢ s8 ma sat tinh toin cao, ranh cép cla puli ma sat
phai dugc kiém tra theo ing suidt dap gitta c4p va ranh puli.

Ung suit dap cla ranh tron ¢ x& dudi tai diém A (hinh 3.21) dugc tinh theo cong
thirc sau:

=S 8cos ¢
p= ' ’ ,
D.d., y-—oa+siny-sina

Trong d6:

S - lyc cang cap lon nhat;

D, d. - dudng kinh puli tinh dén tdm cap va dudng kinh céap;

@ - goc xac dinh vi tri diém tinh ing sudt dap (di€m A) trén b8 mit ti€p xiic.
Ung suft dap 16n nhat 12 tai diém B (¢ = a/2):
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o
S 8cos >

D.d, 'y— O + siny — sinQ

pmax =
P6i vai ranh cap tron c6 xé dudi va y = 7 ta ¢6:

o
g 8cos*5
Pmax = (3.35)

Dd. ©—o-sin

Ranh cép tron khong xé dudi 12 trudmg hop ¢6 a = 0 va ing sudt dap 1on nhat la:

S_ 8
Dd, =

Pmax = (3.36)

Tir cong thie (3.32) va (3.35) ta thay loai ranh cap tron c6 xé dudi ¢6 he s8 ma sat
tinh toan cang lén khi géc o cang 1on song @ng sudt dip cing ting lam cap va ranh
cdp chéng mon.

Tir cdc cong thirc (3.32) + (3.36) ta thay puli ma sat c6 h¢ s6 ma sat tinh todn tiang
dan v&i cac ranh cap tron, ranh cédp tron cé xé dudi, ranh cdp hinh thang. Mt khac dng
sudt dap cing ting din tuc tudi tho cia cdp va puli gidm din theo thif ty cic ranh
cap trén.

§3.2. XICH

3.2.1. Xich han

Xich han cé cong dung gidng nhu cdp thép dugc dung chd yéu trong cic may din
dong bing tay nhu palang xich, toi nang, toi kéo... va dung dé ching, budc hang. Doi
khi xich han cing duoc sir dung trong cac co cdu din ddng may véi toc do thép.

Xich han gém nhimg mit xich hinh dvan ché tao bing cach dung thép tron uén cong
lai rdi han bang phuong phap han rén hay han dién. Cac mdt xich ndm trong hai mat
phéng vudng goc véi nhau dé ddm bio d6 udn cong ciia xich theo moi phuong. D€ dam
bao d& han va chidc chdn, ngudi ta dang thép it cacbon nhu C12, C13, thép 10 chia it
lvu huynh va photpho, ¢é gidi han bén kéo tir 370 d&n 450 N/mm?. Céc soi thép lam
mit xich phai cit vat & cac ddu mot géc 45° rdi han lai dé mat phdng m6i han khong
vudng goc va&i tryc cia sgi thép. D& khit cdc ing sudt du trong cadc mdt xich do han,
xich sau khi han cac mit xich duoc dem di 4. Cac kich thudce chinh cta xich han la:
budc xich t, duong kinh sgi thép d va chiéu rong mit xich B (hinh 3.22a). Xich sau khi
ché tao xong phai dugc thit tii véi tai trong bing mot nira lyc kéo dit xich va vai uc
nay cdc mat xich khong bi bién dang.

Theo ti 1¢ gitta chiéu dai budc xich va dudng kinh s¢i thép, xich han c6 hai loai:
xich han v&i budc xich ngdn (t < 3d) va xich han véi bude xich dai (t > 3d).
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Hinh 3.22: Xich han

Theo dung sai ché tao cac kich thude t va B, xich han c6 hai loai: xich thudmg va
xich chinh xac. '

Xich thudng ¢ dd chinh xdc ché tao cua budc xich £10% va thudong chi dung trong
co cau din dong vdi tang tron hodc dung d€ budc hang.

Xich chinh xac ¢6 sai s budc xich nhd hon 3% véi cac mét xich sau khi han duoc
ndn lai bing khuon. Tai trong cho phép ctda loai xich nay cing nhé hon so vdi xich
thudng cung loai (hé s6 an todn bén cao hon) dé giam do mon va bi€n dang. Xich chinh
xdc thuong dang trong co cdu nang vat din dong bing dia xich cin 4n khdp véi dia
xich ém va chinh xdc, do dé may cing nhd gon hon (dudng kinh tang thuong 16n gap
doi duong kinh dia xich). Xich han c6 nhugc diém 1a trong lirgng 16n (so véi cap thép),
chiu luc va dap kém, chong mon va dé bi dut dot ngdt do d6 phai han ché t6c¢ do chuyén
dong cta xich han, Tuy nhién, xich han c6 thé uén dugc theo moi phuong, ¢6 thé dung
vdi cdc tang, dia xich c6 dudng kinh nhé lam may gon hon. Xich han don gidn vé két
cau, dé ché tao va ré tién.

Khi tinh toan xich mot cach chinh xéc, ta coi mit xich nhur mot dim siéu tinh véi
cac ung sudt sinh ra trong ti€t dién mit xich 1a: umg sudt kéo do luc kéo S va ting sudt
uén do moémen ubn M, trong mit phing cda mdt xich (hinh 3.22b), ing sudt uén phu
khi xich vong qua tang hoidc dia xich bi dong véi moémen uén M = S.sin(p.%ij-
(hinh 3.22¢). Dé giam udng sudt udn phy, ngudi ta thuong chi dung xich han véi bude
xich ngdn. Ngoai ra con ¢6 cdc ung sudt dap tai chd ti€p xuc gitta cac mdt xich. Cach
tinh todn theo phan tich trén rit phuc tap va khoéng dua lai k€t qua chinh xdc. Vi vay
ngudi ta quy dinh céich tinh chon xich tuong ty nhu d6i vdéi cap thép:

Simaen £ 84 (3.37)

Trong do:

Sax - luc cang xich 1¢n nhat;

Sy - tai trong pha héng xich;

n - hé s& an toan bén cua xich tuy thudc vao loai mdy va dicu kién lam viéc

(bang 3.2).
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Bing 3.2. H¢ s& an toan cia xich han

" Didu kién lam viéc Déin ddng tay ~Din dong méy
Lam viéc trén tang trom 3 6
Lam viéc trén dia xich 4,5 8
Dung d€ ching, budc hang 6 6

Trong thyc t&€ sir dung, xich han c6 mot s& mit xich mdi sira hodc xich khong ro lai
lich va tai trong déu phai dugce thir tii va tra bang d€ so sanh véi cdc xich tidu chudn
c6 ciang kich thudc. D6 mon cho phép cda cdc mdt xich han khong qua 10%.

Trong co cdu mdy, xich han dugc cudn 1én tang hodc vong qua cac dia xich chd dong
va bi d9ng. Tang va cic dia xich dugc ché tao tir gang x4m hoic thép dic. Puéng kinh
tang hoac dia xich khong qua bé dé han ché ing sudt usn phu (D > 20d véi ddn dong
bing tay va D > 30d vdi din ddng bing may). ‘

Dia xich bi ddng mit tron ¢6 hinh dang nhu & hinh 3.23a. Loai nay, thuong ding
cho xich han loai thudng véi budce xich ngdn d€ ddi hudng xich trong co cau. Cac mit
xich han trén ranh dia xich v&i géc nghiéng 45°. Loai nay ¢6 nhuge diém 1a xich han
d€ bi trugt trén mat dia xich, do d6 d€ han ch€ sy trugt clia xich, ngudi ta 1am g& tron
18i & gira ranh dia xich nhw trén hinh 3.23b.

.—EEIEu
[} St L g,
o 7 FI LS I rriry;

Hinh 3.23: Tang va dia xich ditng cho xich han
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Tang din dong dung d€ cudn xich han loai
thudmg vdi bude xich ngdn gém hai loai: loai mat
tang c6 gé tron 18i hinh xodn d¢, cdc mit xich cuén [

trén tang c6 géc nghiéng 45° so vdi mit tang (hinh \’/‘// _
3.23¢) va loai mit tang c6 ranh sau hinh xodn dc, %////’ ///////

c4c mét xich chén ti 1én mit tang con cdc mit xich
1¢ nim trong mit phing ranh tang (hinh 3.23d). C8
dinh diu xich han trén tang nhé mat xich cudi co ' P

k&t cdu va vi tri trén tang nhur & hinh 3.24.

. . . . . Hinh 3.24: C& dinh ddu xich
bia xich chd dong dung dé& din dong xich han han trén tang

loai chinh xdc c6 budc xich ngdn (hinh 3.23e). Khi

vong qua dia xich chii dong, xich han c¢6 cdc mét xich chin ndm trong mat phing tua
cdn cac mit xich 1é ndm trong mat phing thing ding cia ranh dia xich. Cac mit xich
nim ngang trén mit phing tya ¢6 cic hdc vdi thanh cao cé hinh dang nhu mat xich lam
cac mit xich nim ngang lot vao trong cdc hdc d6. Nhu vay dia xich chid ddng ¢d hinh
da giac déu, mdi canh clia da gidc déu bing chiéu dai cia mit xich. Nhd ¢6 k&t cdu
nhu vay ma khi lam viéc, xich khong bi truot, mit khdac cac médt xich nim ngang tya
trén mit phdng cda c4c hc nén ching khong chiu mémen udn phu nhir d6i vdi tang
va do d6 ¢6 thé dung dia xich co dudng kinh nhd.

Puéng kinh cilia dia xich chii ddng dugc xidc dinh theo cong thie (hinh 3.23e):

2 3 .
t d
D= + 3.38
singgf- cosﬂ ( !
Z Z

Trong dé:
t, d - budce xich va dudng kinh soi thép mit xich,
Z - s8 rang (hdc) cda dia xich (Z =5 + 6).

Trudng hop dia xich ¢6 Z > 6 va xich han ¢6 d < 16 mm thi s6 hang rat bé

00
COs ——
Z

va ¢6 thé bd qua. Khi d6 dudng kinh dia xich chi dong tinh theo cong thirc:

D=—" (3.39)
90°

Z
Trong cdc miy nang din dong bing tay thudng dung dia xich kéo nhu & hinh 3.23f

(vi du trong paling xich) véi xich han loai chinh xdc. Hinh dang miit cdt dia xich kéo
cling gidng nhu mit cit dia xich chi dong.

sin

Ddi vai xich han loai chinh xac c6é budc xich ngidn, dia xich bi dong thudng diung
loai ¢6 ranh sau & gitta dé chita cic mit xich thdng dung. Mt phing ti cho cdc mit
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xich ndm ngang cd thé 1a mit tru vdi cdc g ngang
dé xich khéi truot. Cac gér nay ¢6 hinh con véi goc
con 2° + 14° d€ tranh tai trong va dap.

Cang nhu cap thép, xich han thudng dugce diung
dé budc, treo vat nang. Khi chon xich va cép budc,
luc cang 1on nhat trong xich duge xdc dinh ¢6 tinh
dén goc nghiéng o ciia nd véi phuong thang diung
(hinh 3.25). Géc nghiéng o cang Idn thi lue cing
xich S cang lén. Néu trong lugng vit nang la Q
duoc treo bing Z nhanh xich ching can nhau thi

luc cang xich la:

s=—Q Hinh 3.25: So dé tinh luc céng
xfch budc hang

3.2.2. Xich ban 1&

Xich bin 1& (con goi la xich tim) gdém cdc day m4 xich ndi vdi nhau bing cdc chot
xich. Bén ngoai chét xich ¢6 thé 14p cac 6ng bao hoiic con lan goi la xich &ng hoic
xich 6ng - con lan. Theo cong dung, xich ban 1& gom ba loai:

- Xich din dong: dung dé truyén nang lugng tir truc chii dong dén truc bi dong trong
cac co cdu din dong cha tat ca cic loai may xay dung ¢ truyén dong xich. Trong may
xay dung, céc loai xich din ddng phd bién 1a xich &ng, xich &ng con lin va xich riang.
Ciu tao, cac thong s6 co ban ciia cac loai xich nay va tinb todn truyén dong xich duoc
gidi thiéu trong gido trinh "Chi ti€t may".

- Xich kéo: 1a loai xich ding lam bd phan kéo trong cédc loai may van chuyén lién
tuc nhu xich tai tdm, xich tai treo, gdu tai, thang cudn v. v... Dic diém cla xich kéo 1a
chuing ¢6 budc xich dai, chét xich ¢é ldp dng bao, con lin hodc banh xe chay trén din
huong doc theo duong van chuyén d€ xich khong bi vong khi mang tai. Trén ma xich
ngoai c6 chi ti€t dé kep bo phan mang tai ca may van chuyén. Cdu tao va thong sg
co ban cia xich kéo dugc gidgi thiéu trong gido trinh "May van chuyén lién tuc".

- Xich mang tai: 1a loai xich c¢é cong dung nhu cip thép va dugce sir dung chi yéu
trong cac loai may nang nhu palang, mdy xép do, thang nang v.v... Trong muc nay chi
gidi thiéu xich ban 18 ding dé mang tai trong may nang va goi chung 1a "xich ban 18"
(hinh 3.26a). Cac chi ti€t cida xich dugc ché tao tir thép 40, 45 va 50 véi gidi han bén
kéo 570 + 600 N/mm” va tay ting trudng hgp ma cé ché do nhiét luyén khac nhau.
Xich ban 1€ sau khi ch€ tao xong cing phdi dugc thir tai gidong nhu xich han.

Cac thong s6 chinh cda xich ban 1€ 1a budce xich (khodng cach tam ciia hai chdt xich
canh nhau), khoang cach gitta hai md xich trong cung, chiéu day ma xich va s6 lugng
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mé xich. C4c thong s6 cla xich ban 1é da dugc tieu chuin héa. $6 lugng ma xich cang
nhiéu thi tai trong pha hdng cia xich cang lon (thuéng dung tir 2 + 12 ma xich). Ma
xich cia mat xich cudi cing dung dé cd dinh ddu xich vao két cdu may ¢6 hinh dang

nhtr & hinh 3.26¢.
——
VIT SIS TITIIIIS S
SIS ITEISS
NN

| AR, NN AN
| | PELILEIS,
i | PP 6
=3
al &

Hinh 3.26: Xich ban 1é

P6i voi xich ban 18 loai nhd, chét xich c6 ddu tin nhu & hinh 3.26a nhung d6i voi
loai xich 1én (tai trong pha hdng xich 2 + 10 tin va 1én hon} thi cdc dau cla chdt xich
phdi ¢6 vong dém chin vai cac chot dinh vi dé gid ma xich.

Tinh toan xich ban 1é khong phuc tap 14m néu coi lyc kéo phan déu trén cac ma xich.
Tir d6 ta tinh ma xich chiu kéo va dap con chdét xich chiu uén. Nhung trong thyc t€ lirc
kéo khong phan bo déu trén cac ma xich do ch& tao va ldp ghép cac chi ti€t khong
chinh x&c, luc kéo xich khong can theo truc xich. Vi viy ma ngudi ta quy dinh cach
tinh chon xich ban 18 theo siic bén tdng hop tuong tu nhu cap va xich han.

Tai trong pha hong xich dugc tra theo bang ldy tir két qua thuc nghiém vi xich da
dugc tidu chudn hoa. He s an toan bén cia xich ban 1& ¢6 thé 14y theo bang 3.3.

Xich ban 1& lam viéc an toan hon xich han déng thdi t6c do chuyén dong cing 1on
hon. Trong mat phadng vudng géc vai chot xich, xich ban 1é c6 kha nang gap cong tot
nén ¢6 thé 1am viée dugc véi cic dia xich ¢6 dudng kinh nhé song né chi gap dugc
theo mot chidu va khong lam viéc dugc vdi tang. Pidc biét xich ban 18 ¢ thé dung t3t
trong moi trudng cé nhiét dd cao va cac phan xudng hoéa chit. Xich ban ié cé trong
lrgng riéng 1én (nang hon xich han t&i 20 + 30% khi cé cung tdi trong phd héng xich),
gid thanh cao.

Bang 3.3. Hé s6 an toan cida xich ban 1é

biéu kién lam viéc DAin dong tay Din dong may
Lam vigc ém, &n dinh 5 7-8
Lam viéc ¢ luc va dap 6 8- 10
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Pia xich lam viéc véi xich ban 18 duoc ché
tao tir thép dic hodc thép Cr4, C15 va c6
hinh dang nhu mdt banh rang ma cac day cda
khe rang c¢6 hinh vong cung nhu chét xich
(hinh 3.27). Khi an khdp cac ring cta dia
xich ndim trong cdc m4 xich con cac ch6t ndm
trén cic ddy cda khe ring.

Puong kinh dia xich tinh d&€n tam chot

xich dugc xac dinh theo cong thic: Hinh 3.27: Dia xich ding cho xich ban 18
p=—1t (3.40)
. 180°
S1n
y
Trong do:

t - budc xich;
Z - s6 ring cia dia xich (Z = 8 + 12).
So sdnh cdp va xich:

Dua vao cac yéu cdu chung d6i véi cap va xich dé so sanh ta thdy cép c6 nhiéu wu
diém hon so véi xich.

Cap an toan hon so vdi xich. Cap héng do mdi nén né khong bi dirt ddt ngdt nhu
xich ma dirt didn wmg sgi trong qué trinh 1am viéc. Cap ¢6 thé chiu dugc tai trong va
dap, chdn dong con xich thi chiju rat kém.

Cap ¢6 thé udn cong duge theo moi phuong song né doi hdi dudng kinh tang va puli
phai 16n lam tang kich thudc va trong luong mdy. O nhiét d6 cao sic bén cia cdp gidm
rit nhanh.

Cap lam viéc ém, khong dn vdi t6c do nhanh con xich 1am viéc gay 6n va chi lam
viéc vai téc do thdp.

Céap chiu dugce tai trong 16n, trong luvgng ban than nhd. Khi ¢é cung tai trong pha
héng, xich han ning hon cap 7 <+ 11 1an con xich ban 1é ning hon tr 9 + 13 l4n.

Trong qua trinh sir dung, bdo quan, n€u ding cap ding ki thuat thi do bén lau cao,
gia thanh thip.

Nhu vay so véi xich, cap hon hin v& nhidu mit nén cap dugc s dung phé bi&€n hon,
Xich thuong ding trong cic co cdu ¢6 tdc 39 1am viée thdp, chidu dai truyén dong ngén
va trong moi truong néng, trong phan xwdng héa chat.

§3.3. THIET BI DUNG VA PHANH

Thiét bi dimg 1a mot co cdu dung d€ gir vat nang & trang thai treo, khong cho vat
ha xudng dudi tic dung cia trong luc. NO chi cho phép truc cia co cdu quay theo chidu
nang vat. Thi&t bj dimg khong phat sinh ning lugng dé dimg, né ham chuyén dong do

100



nguyén li 1am viéc. Né chi c¢6 tic dung dimng chuyén dong cda co cdu, khong cho ty
quay theo chidu ngugce lai chit khong cé tdc dung diéu chinh toc do chuyén dong cda
co cdu. Trong may xay dyng thuéng dung phd bi€n hai loai: thiét bi dimg banh cdc va
thi€t bj dung con lan.

Phanh 1a thiét bj dé ding hdn chuyén dong hoic han ché t8c do cia co cdu. Khac
v4i thi€t bi dimg, phanh phat sinh ra ning lugng dé khic phuc dong ning clia may hoic
gitt vat & do cao nao dé.

Theo k&t cau ¢ céc loai phanh ma, phanh dai, phash dia, phanh nén, phanh ly tam.

Theo tic dung cda bé mit lam viéc ¢é phanh thuong déng va phanh thudng mé.

Theo nguyén tic didu khién ¢6 phanh diéu khién ty dong va phanh diéu khién bing
tay gat hay ban dap.

Theo cong dung c¢6 phanh dirng va phanh han ché tgc do.

Viéc chon ding loai phanh phdt hgp véi timg diéu kién lam viéc cu thé ¢ vai tro
quyét dinh dén muc d¢ an toan cia mdy khi lam viéc. Quy pham quy dinh rat chat ché
viéc str dung loai phanh nao cho timng co ciu cy thé va tfong nhang truéng hgp nao cd
thé khong phéi dung dén phanh.

Khi thiét k& phanh cho mdt co cidu nao d6 cia mdy, ta phai xac dinh dwoc gid tri
momen phanh hgp li, tdy thudc vao gia trji momen xodn trén truc dit phanh M,, ché do
lam viéc clia co cdu, thoi gian phanh hay quing dudng phanh, dac tinh tai trong. Néu
momen phanh khong dd s& khong ddm bao dugce an toan, song néu mémen phanh qui
I6n va phanh dot ngdt s& gay ra tai trong dong ldn trong cac chi ti€t cia co cdu va két
cdu thép clla may. Trong truong hop chung, mdmen phanh duge xic dinh tir mémen
xodn trén tryc dit phanh M, = M,.B, véi he s8¢ an toan B phai chon cho pha hop dé
dam bdo an toan va qué trinh phanh dugc ém dju, khong gay tdi trong dong lon. Trong
chuong nay ta coi mdomen phanh 12 thong s8 cho trdc dé tinh toan phanh.

Trong co cdu, phanh thudng dit trén tryc cé moémen xoédn nhé tirc tryc dong co dé
gidm moémen phanh mot cach hop li. Trong cac co cdu c¢6 khdp ndi ma sat thi phanh
phai dit sau khop ndi ma sat tiec dat trén truc co lien két cing vaéi bd phan chiu tai
trong cla co ciu.

Céc yéu ciu chung d6i véi phanh:

- Phanh phai c6 momen phanh dd lon véi diéu kién lam viéc cho trude cia phanh.,

- Déng mé phanh nhanh, nhay, d6 tin cay cao.

- Két cdu don gian, d& ch& tao va dam bao do bén cic phdn cla phanh.

- D& kiém tra, diéu chinh va thay thé€ nhitng chi tiét bi mon.

- Nhé gon, gia thanh ha, bé mit lam viéc 1au mon.

3.3.1. Thiét bi dimg
a) Thiét bi dieng bdnh coc

Thi€t bi dimg banh céc (hinh 3.28a) gédm banh céc 1 14p trén tryc 2 cia co cdu bing
then v con coc 3 ¢6 truc 4 1dp trén phin cd dinh cda co cdu. Con céc 3 in khop vai
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Hinh 3.28: Thiét bj ding bdnh céc

ring ctia banh c¢6c 1 va chi cho phép truc 2 cda co cdu quay theo chiéu nang. D& ha
vat cdn nhic con céc ra khéi rang banh céc. D& dim bio con céc 4n khdp vdi riang cla
banh c6c co thé dung 1o xo hodc ddi trong tao lyc nén con coc¢ vao ring banh céc. Vi
tri thm truc con c6c phai dit sao cho géc tao béi cac dudng thing k& tir tam tryc con
coc va tam banh céc tdi diém ti€p xic gitta con céc va ring coc 12 géc vudng.

Banh cé6c thudng dit trén tryc nhanh (truc din dong) ciia co cdu ¢6 moémen xodn nhé
dé dam bao kich thudc nhd gon va chiu lyc nhé. Tuy nhién, do dic tha clia mot s& két
cdu ma ¢ mot s0 may, banh cdc duge dit trén tryc trung gian cia bd truyén, tham chi
dat tryc ti€p lén tryc tang. Cac thong s8 cia banh céc da dugce tidu chudn héa.

Thiét bj dimg banh céc lam viéc ¢é tiéng 6n va chiu luc va dap lon. D€ giam lyc va
dap ngudi ta dung banh céc cé moédun nhd hodc dit hai hodac ba con céc léch budc.
Mot s6 co cdu dirng banh coc co k&t ciu didc biét lam gidm dang k€ do 6n.

Lyc vong P trén riang céc khi thi€t bi dimg lam viéc xédc dinh theo cong thic:

o 2M M,
D Z.m

Trong dé:

M,- mdmen xodn cla truc dit banh céc;

D - dudong kinh ngoai ciia banh céc;

Z, m - s ring va mddun cia banh cée.

Lyc vong P ¢6 thé phan tich 1am hai thanh phédn 12 lyc nén N = P.cosa gdy nén luc
ma sat trén bé mat ti€p xic gitta rang cdc va con cée, va luc T = P. sina.

Pé con coc vao khdp dugc vai rang banh coéc thi phai ddm bio didu kien:

T2z N ; P.sina 2 f.P.cosc

Hay tgo 2 f titlc o0 2 p v&i p va f 12 g6c ma sédt va h¢ s6 ma sat gitra bé mit con céc

va ring béanh cdc.
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Vi tri chiu lyc nguy hiém ddi vdi con céc va rang banh céc 1a vi tri khi con céc mai
vao khdp (hinh 3.28b), khi dé 1a tié€p xic duong.

Doi vai rang banh c6c ta phai kiém tra sic bén canh ring theo diéu kién:

q=><[q] . (3.41)

c'!'-u

Trong do:

[q] - lrc phan bd cho phép ciia vat ligu banh c¢éc trén mot don vi chidu dai, N/cm;

b- chiéu rong rang banh coéc.

Pé dam bao chidu dai ti€p xuc ta 14y chiéu rong con cc B 16n hon chiéu rong ring
banh cdc tir 2 dén 4 mm.

Pat y = b/m, diéu kién (3.41) co thé viét dudi dang:

2M,
< {ql.y.m

.m
2M,
Z.[qly
Né&u sd ring banh céc chua bi€t ma cho trude D thi ¢d thé sit dung cong thikc sau:
> 2M,
v.D.q]
Riang bdanh céc con dugc kiém tra theo sitc bén udn:

o, = 6P.£1 < (6],

b.a”

(3.42)

(3.42a)

voi b =y.m; a=1,5m; h =m tacé:
0, = — 2 <[q), (3.43)
2,25.y.Z. m’

Banh c6c dn khop trong vdi con céc c6 cac rang khée hon loai 4n khdp ngoai vi
kich thudec chan ring ¢é thé téi a = 3m.
Con c6c chju nén va udn nén duge kiém tra bén theo cong thic sau:
P 6 6.Pe

= < 3.44
®=5s  Ba - o (3.44)

Vit ligu ch€ tao con coc va banh céc thuong 1a thép 45 hodc thép 40X ¢6 toi bé mat.
Khi tinh 1tng suit cho phep ta lay hé sﬁ an toan bén bing 6 ¢ tinh dén tai trong va dap
khi lam vigc.

b) Thiét bi dung con ldn
Thiét bi dimg con lan lam viéc dya trén tac dung cia luc ma sat, khong gay luc va dap,
g6éc quay khi ham nhé va lam viéc ém. Thiét bj dimg con lan (hinh 3.29) gém v6 1 gidn
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vao phin c6 dinh cda co cdu. Trong v6 1 dat 1o6i
2 1dp v6i truc cda co ciu bing then. Loi 2 ¢6
cac ranh con dat cac con lan 3. Khi truc co cdu
cung 16i 2 quay theo chiéu nang (ngugc vai A R
chiéu kim ddng hd), cac con lan ludn & khe hd / \ 4
rong cla ranh cén nén tryc co cdu ¢6 thé quay °

binh thudng. = S
Khi quay theo chiéu ha, cac con lan bi ddy oy 4
vao phia hep dan ciia ranh con va bi ket giita vo 0 5

1 va 16i 2 1am tryuc co cdu khong quay dugc nita,
Lo xo 5 va chdt ddy 4 ¢6 tac dung lam qua trinh
ham x4y ra nhanh hon. Cac chi tiét cia thi&t bi
dirng con lin dwgc lam tir cac loai thép hop kim

. . s .. j Hinh 3.29: Thiét bi dung con ldn
c6 crom va tdi bé mat véi do cing HRC 58-64.

Luyc nén N tdc dung lén con lan c6 thé xdc dinh theo cong thirc:

_2M,

N =
ZiD

(3.45)

Trong d6:

M, - mdmen xoin cla tryc co ciu;

Z - s0 con lan, thuong ldy Z =4 + 6;

D - dudng kinh trong cda vo 1; '

f - hé s0 ma sét gitra con lan va 16i, gitta con 13n va vo cia thiét bj ding, thuong 1ay
nhu nhau f = 0,06.

Goc ¢on o 1dy theo diéu kién ty ham:

tg% < f hay o < 2p (3.46)

v&i p - géc ma sat, p = 3°30" khi f = 0,06. Nguoi ta thuomg 1dy o = 4° véi cac vat
lidu k& trén va duoc xac dinh tir quan hé hinh hoc:

2a+d
D-d

CosQL =

Trong d6:
a - khoang cach tir tam truc dén b mat cda ranh con trén 161 2 (hinh 3.29);
d - dudong kinh con lan.

Chiéu dai con lan c6 thé 1dy trong khoang ! = (1 + 2)d, phd bién nhit 1a gia tri
I =1,5d.

Con )an c6 ti€p xic duong vdi v va 16i cla thi€t bi dimg nén ¥ng sudt tiép xic dugc
kiém tra bing cdc cong thirc sau:
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- Gira con lan va vo thiét bi dimg:

6,=059 YNED-d<q, (3.47)
I Dd

- Gitra con 1an va 161 thiét bi dirng:

= 0,59 }/1:' E. 1l <o), (3.48)
d .

Trong d6: E - moédun dan hoéi
3.3.2. Phanh ma

Theo vi tri tuong d6i gitta ma phanh va banh phanh, phanh ma gém hai loai: phanh
ma trong va phanh mé ngoai. Phanh m4 trong dugc dung chi y&u trong 0td va 12 loai
phanh thuéng mé. Lyc mé phanh la Iyc 10 xo con luc dong phanh d€ dimg chuyén dong
la nh¢r ban dap qua hé thdng truyén dong co khi, thiy lyc hoic khi nén. Phanh m4 trong
duoc gidi thiéu trong gido trinh "Oto - may kéo".

Trong cac loai may nang, may déng coc, may khoan... ding ph8 bi&n loai phanh hai
ma ngoai dit doi ximg vai banh phanh, khong gay u6n tryuc va cho mémen phanh theo
hai chidu quay bing nhau. Sy da dang cia loai phanh nay dugc thé hién bing cic so
dé he tay don dong mé phanh khac nhau va thuong 1a loai phanh thudng déng. Luc
déng phanh dugc tao nén béi 10 xo hoic ddi trong, con lyc mé phanh cé thé dung nam
cham dién, con ddy thdy luc hoic bang tay nho tay gat hay ban dap. Trong myc nay ta
chi gi¢i thi2u mot s& loai phanh hai m4 ngoai dién hinh trong miy xiy dung va goi
chung la phanh ma.

Khi ép ma phanh vao banh phanh, lyc ma sat gitta chiing tao ra mémen phanh. Dong
ning cac phin quay clia co cfu chuyén thanh nhiét ning 1am mon va néng ma phanh
cung banh phanh. Vi vay khi tinh todn ma phanh (va bé mit ma sat cda céc loai phanh
khéc), ta phai ki€ém tra hai didu kién sau: :

- Ap lyc riéng clia ma phanh lén banh phanh khéng dugc vuot qua gid tri cho phép
ung voi loai vat ligu lam ma phanh. Truong hop nguoc lai, ma phanh s& bj mon rat
nhanh so v&i tudi tho cda né. Trong tinh todn, ngudi ta thuomg 1dy gia tri 4p luc trung
binh bing lyc ép ma phanh 1&n banh phanh chia cho dién tich ti€p xic gitta ching va
so sanh vé&i gia tri ap luc cho phép.

- Nhiét nang sinh ra trong qui trinh phanh khong vugt qua gia tri cho phép do6i véi
timg loai vat liéu lam ma va binh phanh. Diéu kién nay khong ddm bao s& lam m4
phanh bi&€n chdt, heé s¢ ma sat gidm va phanh mdt én dinh, khong dim bao an toan.
Diéu kién ki€ém tra nhir sau:

p-v < fp.v]

Hoic ‘ f.p.v < [fp.v]

Trong d6:

p - 4p lyc trung binh cia ma phanh 1&én banh phanh;

v - t0c d0 truot clda ma phanh trén binh phanh;

f - hé s ma sat.
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P& gidm kich thude ciia phanh, gidm lyc phanh v tac mdémen phanh 1én, ngudi ta
sir dyng loai vat li¢u chuyén ding lam m4 phanh cé he¢ s& ma sat cao, chju mai mon
tSt va 6n dinh & nhiét 4o tuong d6i cao. Nhing tdm bing nay dwgc gdn vao ma phanh
biing c4c dinh tdn bing d8ng sao cho cic ddu cla dinh tan thut vio so véi mit bang va
bing mdt nira chiéu day bang. Hien nay ngudi ta thudng gin bing 1én m4 phanh bing
cach dan ép nong d€ ting dién tich ti€p xic voi banh phanh.

a) Phanh md kiéu doi trong

Phanh m4 kiéu d6i trong (hinh 3.30) gém banh phanh 1 dugc 1dp trén tryc phanh
bing then, cdc m4 phanh 2, hé th@ng tay don 3, nam cham dién tir cé hanh trinh lon 4,
d6i trong 5 va han ché hanh trinh 6.

Phanh ma kiéu d6i trong 1a loai phanh thudng déng va luc déng phanh do d6i trong
5 gay luc kéo R lam céc tay don phanh chju lic tic dung P 4p cdc ma phanh vao banh
phanh véi luc ép N. Nam cham dién tir 4 dugc mic song song ciing mach v6i ddng co
clia co cdu. Khi co cdu lam viéc, nam cham 4 ¢6 dién hit tay don c¢é doi trong di lén
lam c4c ma phanh m¢& ra, co
;;i:ﬁ nc:o th.é lam v1e‘c binh /La 0

g. Khi co cdu ngimg lam —
viéc hoic do sy c¢6 mat dién, ——‘"ﬁzp - a-
nam chim 4 nging hit va a

9
phanh dugc déng lai nho d6i /vé ¢ ‘
trong, ddm bao an toan cho ~ B N é
‘ 5

mdy. Loai phanh ma kiéu da&i X
trong ¢6 so 46 nhu hinh 3.30 »@ , o
dong nam cham dién tir vdi luc

hit khong 16n song phéi co 4 ' i
hanh trinh 1én. Vi vy ngudi ta

con goi la phanh méd véi nam

cham dién tir hanh trinh 6n. Hinh 3.30: Phanh md kiéu d6i tlrong

Phanh ma kiéu ddi trong khong gay uén tryc phanh, c6 th€ tao nén momen phanh
lén song c6 he thong tay don phirc tap, c¢6ng kénh. Do d6 khi 1am viéc phanh gay bién
dang tay don 16n, c6 quén tinh 16n va hiéu suat thdp. Hién nay phanh ma kiéu d&i trong
dugc sit dung rat han ché.,

G6c¢ 6m clia ma phanh len banh phanh thuong 18y B = 60° + 110° (phd bi&n 1a gia
tri p = 70°). Dudng kinh banh phanh D va chidu rdng ma phanh B duge chon tiy theo
momen phanh tir didu kién kiém tra 4p lyc trung binh cia ma phanh 1én banh phanh.
Pé€ dam bao dién tich ti€p xic gitta m4 phanb va banh phanh, chiéu rong banh phanh
thuong 14y 16n hon chiéu rdng ma phanh B tr 5 d€n 10 mm. Khi tinh to4n phanh ta cdn
phai xé4c dinh trong lugng ddi trong G va lyc hiit cda nam cham P,
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Lyc nén cin thi€t N d€ tac momen phanh M, la:
N=%
f.D
Trong d6: f - hé s6 ma s4t gita ma phanh va banh phanh

Xét can biing mot tay don phanh ta cé:

S by Mk
I fb |
Xét can bing tay truyén lyc hinh tam gisc bing cach 14y mdmen tng v6i di€m 0:
rep.S M ch
a fD al

Xét can bing tay don ndm ngang cé doi rong (khong ké dén trong lugng tay don
va trong lugng ngam (phin ng) cda nam cham dign) ta c6:

a M C‘ll
G=R+=—"2."
I, D L1,

Néu tinh d€n hiéu sudt truyén dong cia hé tay don (n = 0,9) thi trong lugng cin thiét
cda doi trong la:

M c.l .
=—> . 1 (3.49)
fDn L :
Luc hit c&n thiét cda nam cham d€ mé phanh:
P, =kGhE = kM ¢ (3.50)

L, fDn I
Trong d6: k - he s6 vuot tai, cé thé 1y k = 1,5 d€ khdc phuc quan tinh cla d4i trong.
Khi mé& phanh, hanh trinh cGa nam cham dién 14 h;,, ddm bao cho céc ma phanh mé
ra v&i khe hé €. N€u khong ké tdi tdn that do ma sdt va bi€n dang cla he tay don thi
theo dinh luat bao toan cong ta co:
| 2.N.e = P,.h,

Viy hanh trinh phanh duge xac dinh theo cong thirc:

I 1
hy=2e =.— (3.51)
i m
Trong d6:
.l . .
i= 7 - bdi sudt cGa he tay don;
42

m = 0,65 + 0,8 - he s8 1¢i dung hanh trinh dé ba trir cho 49 mon mé phanh, khe hd
cla cac-khdp quay va bi€n dang cla he tay don.
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b) Phanh md dién tie hanh trinh nho

Phanh m4 dién tir hanh trinh nhd do Lién X0 cii ché€ tao ¢6 ki hiéu 1a TKT da duoc
tieu chudn hoa, ch€ tao hang loat va dugc dung phé bién trong céic co cdu mdy. So dé
cdu tao cia phanh cho & hinh 3.31.

Pay la loai phanh thueong déng. Luc
déng phanh dugc tao nén do cic dai oc 10
nén 16 xo chinh 8. Mot diu 10 xo 8 ti vao
ong bao 13, kéo tay don phanh 3 cing véi
mé phanh 2 ép vao banh phanh 1. D4u kia
cla 10 xo 8 ddy dai 6c 10, kéo thanh diy
14 sang phai, qua cidc dai 6¢c 12 kéo tay
don phanh 5 cing ma phanh 4 ép vao banh
phanh 1.

Khi co cdu lam viéc, nam cham 6 cé
dién hit tay don 7 va ddy thanh ddy 14
sang trdi, dudi tdc dung cta 16 xo phu 9,
tay don phanh 5 ciing m4 phanh 4 md ra.
Tay don phanh 3 va ma phanh 2 duoi tac
dung cda trong lugng nam cham cing md
ra cho d&€n khi han ché hanh trinh 15 cham
d€ phanh. Khi vin dai &c 11 sang phdi, thanh ddy 14 dich dan sang trdi ép 10 xo 8 qua
dai ¢ 10 va hai ma phanh tir tir mé ra (twong duwong vdi truong hop nam cham 6 1am
viéc). Tiép tuc vin dai 8¢ 11 sang phai dé md ma phanh to hon trong truong hgp cin
sita hotc thay ma phanh. O trang thai 1am viéc binh thuong cGa phanh, dai 6¢ 11 phai
vin sang trai vé vi tri cd. Momen phanh tao nén do 15 xo 8 bi nén, vi vay c¢é thé diéu
chinh momen phanh nh¢ cdc dai 6¢ 10. Hanh trinh phanh dugc diéu chinh bing dai 6¢
12 va cai han ch€ hanh trinh 15.

Phanh m4 dién tir hanh trinh nhé ¢é hiéu suit cao, déng md nhanh nhay, nhé gon,
trong lugng va quédn tinh bé. Nhugc diém cla phanh 12 ti s§ truyén clda hé tay don
khong lon nén khé tad duge momen phanh 16n va khong diéu chinh duge toc do it
ciia nam chidm nén qud trinh phanh xay ra khong ém diju.

Lyc P cdn thiét ddt & ddu céc tay don phanh 3 va 5 d& tao momen phanh M la:

Hinh 3.31: Phanh mad dién tw hanh trinh nho

P=__ML_[_!.
fDn |

Trong dé:
7 - hiéu sudt cia tay don; | = 0,95 vdi khdp xoay cé boi tron va 1 = 0,9 véi khép
xoay khong boi trom.
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Luc ddy cia 10 xo chinh 8 d€ tao moémen phanh:

P.=P+P,+ n (3.52)
" .

Trong d¢6:
P, - luc nén 16 xo phu 9, P, = 2 + 8 kG;

M, - momen do trong lugng phan ¥ng ciia nam cham dién gay ra trén tay don 7. Khi
m& phanh, nam cham 6 lam viéc 1am 10 xo chinh 8 chiu lgc nén l6n nhdt P, la:

P, =P, + 2 EL.C | (3.53)
1

Trong do:
2€. 1. dd nén cia 16 xo chinh khi cdc ma phanh md ra véi khe hd €;
5
C - 40 cing cia 1o xo chinh 8.
Gia tri P, va P,,, tinh theo (3.52) va (3.53) la cic thong s6 cin thi&t d€ tinh 16
xo chinh.

Momen tng véi khdp xoay ciia tay don 7 ma nam cham cén tao ra khi 1am vigc dé
mé phanh la:

M,. ='Pma,.a=(P+Pp+ﬂ+ze.i.c).a

a 8
Thanh phin P, va M,/a nho so v&i cac thanh phin khac c6 thé bd qua. Vi vay:

M,,c=(P + 2e.}’]_.c).a (3.54)

Hanh trinh phanh dugc tinh twong ty nhu d8i véi phanh ma kiéu d6i trong:

hy=2e. L. 1 (3.55)
l;, m

Trong d6 hé s6 lgi dung hanh trinh m = 0,8 + 0,85.

Dya vao M, va h, d€ chon nam cham dién.

¢) Phanh ma dién — thuy luc

Phanh ma dién - thdy Igc (hinh 3.32) 12 loai phanh thuong déng. L.d xo 6 bi nén,
ddu dudi clda né qua céic dai 6¢c 9 kéo diu trii cla tay truyén luc 5 di xudng lam xuat
hién c4c lyc P & ddu cic tay don phanh 3 ép cac ma phanh 2 vao banh phanh. C6 thé
didu chinh moémen phanh bing cach vin cac dai 8¢ 9 dé thay d8i luc nén 15 xo 6.

Khi co c4u 1am viéc, con ddy dien - thiy lyc 7 ddy ddu trdi cda tay truyén lyc S di
len, 16 xo 6 dugc ép lai. Qua thanh ddy 4, tay don phanh va md phanh bén phai mé ra
cho dé€n khi cdi han ch€ hanh trinh 8 cham d€ phanh thi tay don phanh va m4 phanh
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Hinh 3.32: Phanh md dién — thuy luc

bén trai dugc mé ra. Cac dai 6¢ trén thanh ddy 4 va cdi han ché hanh trinh 8 dung dé
diéu chinh khe hé € va dé cic méa phanh mé déu ra hai bén.

Lyc P cén thiét dat & cdc ddu tay don phanh dé tao moémen phanh M, la:
_ M 4
" fDn !
Xét can bing tay truyén lyc 5 khi phanh & trang thai déng bing cach 1dy momen ting
vaoi diém A, ta xac dinh dugc luc 10 xo cin thigt dé dong phanh:

p

P,=P. atb.lga _ M,. 4 . (a+b.tga) (3.56)
c f.Dn.cl

Trong cong thic (3.56) ta bd qua cac thanh phan lyc nhd 1a : trong lugng ban than
tay truyén luc 5, trong lugng phin chuyén dong cia con ddy dién - thdy luc (pittong
va cin diy). :

Lyc ddy ciia con ddy dién - thiy luc P, dé thing lyc 10 X0 trong qué trinh md phanh la:
Pﬁ=B-£==JgEiL{a+b@a) (3.57)

Hanh trinh cén thiét cda con ddy dién - thily lyc duge xac dinh twong ty nhu véi loai
phanh d6i trong:

hy=— 2804 y5im=08-+085. (3.58)
n.m./;(a + b.tga)

Phanh ma dién - thiy lyc khic phuc dugc nhugc diém cla phanh m4 dién tor. Con
ddy dién - thiy luc c6 thé diéu chinh dugc tdc do ddy lam qua trinh phanh x3y ra ém
dju va khong bi giat. Loai nay ngay cang duoc sir dyng rong rai.

Con diy dién - thiy lyc (hinh 3.33) gém dong co dién 1 c6 cong sudt nhd, vé 6 trong
d6 c6 dit bom li tam 2 1dp v&i truc dong co 1, pittdng 3 v6i cidn ddy 5 chuyén dong
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trong xilanh 4. Khi co ciu lam viéc, dong co
quay bom li tam lam ddu & phia trén pittong
chuyén ddn xudng phia dudi pittong va nang
pitténg cung can ddy len.

Khi tit dong co, bom li tam dirng va dudi
tac dung cla ngoai lyc 1én cin ddy 5 va trong
lugng ban than pittdng ma né ha xudng, dau
tir phia dudi chdy lén khoang trén.

Con diy dién - thiy lyc c6 do tin cay cao,
dé s dung song doi hdi ché tao chinh xac,
phét chian diu t6t ddm bao do kin khit dé
khéng bi chay diau. Do 1éch cho phép cda cin
ddy so vdi phuong thdng dung khi lam viéc
khong qua 15°,

3.3.3. Phanh dai

Phanh dai gobm mot dai thép khong quay
bac quanh banh phanh v&i géc o6m . Luc
phanh tao ra nh¢ ma sat gitta dai va banh
phanh. Dé ting ma sat gita dai va béanh
phanh, ngudi ta gédn 18n dai thép mot 16p 16t
bing gd, da hoic amiing. |

Luc déng phanh 1a luc 10 xo, d3i trong
hodc sic nguoi. Luc mé phanh la luc hit nam
cham dién hoic lyc din dong bing thiy luc,
khi nén.

Xét qua trinh lam viéc cia dai trén banh
phanh (hinh 3.34). Theo cong thic Ole ta ¢6
lyc cang dai S tai diém c6 goc om B 1a:

S= Smin- etB

Trong d6: f - hé s& ma sat gitta dai va banh
phanh

V6 B=atacd Sy, = Sype™

Mo&men phanh tao ra trén banh phanh do
lwc ma sat la:

D
Mp = (Spax — Smin)-z

6"

54

3,..——-

A

Hinh 3.33: Con ddy dién — thay luc

Hinh 3.34: So dé lue tdc dung
cua dai lén banh phanh
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Tir cdc biéu thirc trén ta tim dugc gid tri luc cing S,y Smin ¢An thigt & cdc ddu dai
d€ tao momen phanh M,;:

€ | (3.59)

Smax

Smin (3.60)

ol¥ o2

e -1

Trén mit dai, tir di€m c6 lyc cing S v&i géc 6m P ta tich mot cung gidi han bdi géc
dB vo cang bé (hinh 3.34), lyc cing dai & diém cudi cung df 12 S + dS va 4p lyc lén
dai dN gay lyc ma sat f.AN. Xét can bing phan t8 dai da tach ta c6:

2y=0

dN - s.sir192E ~ (S + dS). sinﬂzﬁ= 0

do géc dp vo cung bé nén ta 14y sin%[i = %E va do dé:
dN-s.Qzﬁ - s.ﬂzﬁ—ds.E‘f:o

Bd qua thanh phdn v6 cing bé bac cao dS. ézp— ta cé:

dN = S.dB
Ap lyc rigng cfia dai len banh phanh tai di€m c6 géc om P la:
5 dp.B )

Trong d6: B - chiéu rong cia dai phanh.
Theo (3.61) ta cé: ‘
2Smax . 2Smin

’ prnin =

D.B D.B

max

a) Phanh dai téng hop
So d6 cdu tao ciia phanh dai t8ng hop cho & hinh 3.35.

Ta tinh mémen phanh M, cho ci hai chidu quay ciia banh phanh (ha va nang) bing
cach xét can bing tay ddn ndm ngang khi 14y momen cic lyc ing voi diém O:

ha: Smin-d1 + Spax-a; = (Gpb + G + Gd)m
nang: Smax-21 + Spin-22 = (G.b + G + Gud).m
Trong d6:

G, - trong lugng tay don;
G, - trong lugng ngam hiit cda nam cham dién;
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G - trong lugng ddi trong;
n - hidu sudt cia tay don, n = 0,9 + 0,95.

Thay gia tri S, = Snin- e vao cac phuong trinh trén ta tim dugc:
1

ha: Smin = ——— - (G,b + G,c + G.d).m
a, +a,.e

nang: Smin = fi (G.b + G,c + Gd)
al R+ + az

Vay momen phanh iing véi méi chiéu quay la:
fa
M = (e - 1).%. S = — =1 (Gb + G,c + Gd). .% (3.62)

fe
a|+a2.eu

ang ef“ -1 D

a,.e’+a,

Nhu vay gig tri momen bhanh theo hai chiéu quay 12 khac nhau. Cu thé [a:

fi
MY _a.e®+a;

nang fox
M, at+a,.e

Khi a;>a, tacé M}* > Mp*™. Truong
hop nay tdt nhat 1a dung cho co cdu nang
vdi céc chiéu quay nhu & hinh 3.35 vico
cdu nang khi ha yéu cdu momen phanh /% Smax
Ion hon khi nang. N - S

Poan dai u6n cong 0m ‘lén bdnh

phanh vé&i géc 0m o cé chiéu dai Ra khi i lé l‘
phanh déng va (R+€)a khi phanh mé. Lﬁ——| , Y '
) ' 6 -]
Vi vay hanh trinh dich chuyén ciia hai c ' (
i

ddu dai phanh khi phanh t&r trang thai 7
déng sang trang thai md la:

Hinh 3.35: Phanh dai 1éng h
Ay + A, =(R+g)a - Ra = sa & fop

A A
Mait khac theo quan hé hinh hoc thi — = =% pen:
a a5
a
Aj=to —L 5 A =eo .2
a, + ay a; +a,

Phanh dai c6 momen On dinh la phanh dai tdng hgp c6 a, = a, = a v3 vi vy ma
momen phanh theo hai chiéu quay bing nhau, hanh trinh dich chuyén hai ddu dai khi
‘phanh déng mé cing bing nhau:
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lig .
M, = L__%.(Gl.b + G,c + G.d) -ﬂ-g;
a(l +¢e' 2
A=A = =
2

Loai phanh nay dung thich hop cho cdc co cdu di chuyén va quay. khong thich hgp
cho co ciu nang.
b) Phanh dai don gidn

Phanh dai don gidn 1a phanh dai t6ng hgp ¢6 a, = 0 (hinh 3,36). Biing cach tinh tuong
tyr nhu véi phanh dai tdng hop ta ¢6:

Lo

Mb = € =L (Gb + Gue + Gd)n % :
a 2
fee

M~ & =L (Gb o+ Goo+ G D
a .cfa 2

ha
i\_/[;g:g — efu > 1
Mp

Nhu vay phanh dai don gian fuén
co Mg‘-‘ > Mgf‘“g va chi thich hgp
dung cho co cdu nang vdi cic chiéu
quay nhur & hinh 3.306.

Hanh trinh dau dai khi phanh:

Ay =g
¢) Phanh dai vi sai
Phanh dai vi sat (hinh 3.37) c6 tay
don a, nguoc vé phia ddi dién so vai
loai phanh dai tdng hop. Biing cach i
tinh terong ty nhuw d6i vol phanh dai
tong hop ta cé:

Hinh 3.36: Phanh dui don gian

fir
11 e l D
Myt = — & o= (Gyb + Gyo + Gdn . 2
a,—a,.e 2
A o
M;’;ullg = C—rI“ . (Gl.b + Gn.C + G.d).n ) _D_ )
a,.e’ —a, 2

Tir cac biéu thic trén ta thdy néu a,/a, ~ € thi ¢6 thé tao ra momen phanh vo ciang
Ién va xay ra hién tuong ty ham. Do ¢6 thé tao momen phanh 1dn véi lue dong phanh
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nhd ma phanh dai vi sai khéng dang
cho t&i ddn ddng may ma thudng chi
dong cho t&i tay va déng mé phanh
bing tay.

b€ phanh cé thé lam viéc binh
thudrng phai ddm béo a, > a,. ¢ C6
thé chonsobd a, =3 +5cmvaa; =
(2.5 = 3)a,. Sau d6 kiém tra lai xem
c6 xdy ra hién tuong tu him khong.
Phanh dai vi sai cho ta (i so:

 Bo -
. T
a fex
M::' _a.e mdy

r.
M a —a,.c” r
|

Vi viy phanh dai vi sai ciing
khong thich hop cho cac co cau cin
mémen phanh theo hai chiéu nhw
nhau.

Hinh 3.37: Phanh dai vi sai

Hanh trinh cla cdc diu dai phanh khi déng md dugce xac dinh tir h¢ phuong trinh:

A - A =¢ga
al Elz
Suy ra:
a a,
Aj=eg.o.—— ; Ay = g.0. —2
al - az il, - 32

d) Phanh dai tdc dung hai chiéu

Trong phanh dai tadc dyng hai chiéu (hinh 3.38) ddu dai ¢ dinh, tdy thudc vao chiéu
quay ciia banh phanh, chuyén tir ddu nay sang ddu kia. Nhu vay, ddu dai cé lyc cang
Simax fudn 1a ddu ¢& dinh va luc tac dung dé dong phanh ludén & dau dai cé luc cing
nhé S,,.

Hinh 3.38: Phanh dai tic dung hai chiéu
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Khi binh phanh quay theo chiéu kim déng hé (hinh 3.38a), di€m tua cia tay don
diéu khién 1 noi vdi diu dai ¢ luc cang S,,,, twa vao ranh trén cda phin ¢& dinh 2
(di€¢m A) tao thanh khdp xoay. Khi thay doi chiéu quay cia banh phanh (hinh 3.38b),
diém tya véi tue cang dai S, chuyén xu6ng ranh dudi ctia phdn ¢ dinh 2 (diém A’).
Nhu viy moémen phanh khéng phu thudc vio chiéu quay cia banh phanh ma luc tic
dung d€ tao momen phanh P khong d6i. Do dé lyc cdn thiét dé déng phanh gidm so
voi phanh dai tong hop.

Phanh dai dugce st dung rong rai do két ciu don gian, gon nhe, cé thé tao dugc
momen phanh 16n bing cach ting géc 6m «. Trong may xay dung st dung chu yéu loai
phanh dai don gidan. Tuy nhién, trong mét $6 loai may, phanh ma dugc s dung nhiéu
hon do phanh dai ¢6 cac nhuge diém sau:

- Phanh dai gdy uon truc phanh, dp lyc cda dai lén bdanh phanh phan bd theo
ham e va vi vay do mon cta ching cang theo quy luat do.

- Phanh dai ¢6 moémen phanh khong 8n dinh. Mot su thay ddi nho ctia hé s& ma sat [
dan tdi sy thay doi 1on cdia momen phanh.

- Dai phanh dut sé dan &1 tai nan. Vi viy do tin cay trong sir dung cda phanh dai
kém hon phanh ma.

e) Tinh todn phanh dai

Do c¢6 thé tao nén momen phanh rdt 16n ma phanh dai thuong dugc dit trén truc co
tdc do thdp. Trong truong hop nay ¢6 thé bd qua phép tinh ki€ém tra phat nhiét cia
phanh ma chi ti€n hanh kiém tra ap lyc riéng cia dai 1én banh phanh:

25
= max & [ ] (364)
P ___B.D P

Gi4 tri [p] d6i1 v&i mot 80 loai vat lieu 16t dai phanh c6 thé tham khéo & bang 3.4.

Bang 3.4. Gia tri [p] ddi voi phanh dai

Vat ligu [p). kG/em®
Tam 16t dai Banh phanh Phanh dirng Phanh han ché toc do
Thép Gang hodc thép 15 10
Amiang Gang hoic thép 6 3
Pheredo Gang hoac thép 8 4
Go Gang 6 4

Pudng kinh binh phanh D va chiéu rong dai B dugc tinh tir diéu kién (3.64) vdi heé
s6 W = B/D cho trudc. Co thé tham khio dé chon so bo cédc thong s6 hinh hoc cla phanh
theo momen phanh M, nhu sau:
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M,, kG.m 70 + 86 140 + 160 180 + 210 285 = 400

D, mm 200 + 250 300 = 350 400 + 450 500 = 700
B, mm 70 90 90 110
£, mm 0.8 1,0 1,25 1,5

Trong lugng d6i trong G cdn thi€t d€ tao mémen phanh M, dugc xac dinh bing cach
xét can bing tay don ndm ngang vdi cdc lyc cang dai S, S,,;, t0y theo chiéu quay
ctia banh phanh. Ta xdc dinh G cho ca hai truong hgp nang va ha. Trong lugng tinh
toan ctda doi trong ¢é gia tri lon cda mot trong hai gid tri tim duge.

Dé tinh luc hdt cin thi€t cda nam cham dién khi m¢ phanh ta ciing xét can bang tay
don ndm ngang trong trang thai phanh md (dai phanh khong ¢6 luc cang) voi déi trong
c6 gid tri tinh todn dd xdc dinh. Lyc hit tinh todn dé€ chon nam cham dién ¢6 gia tri
bang lec hut tim duge nhan véi hé s6 vuot tai (tinh dén hiéu sudt va bién dang cila
tay don).

Hanh trinh cin thiét cda nam cham dién d€ mé& phanh la:

hy=4,.5 1 (3.65)
4 m
voi hé s6 lgi dung hanh trinh m = 0,8 + 0,85.
Chiéu day dai phanh & dugc tinh theo sirc bén kéo:
5> — Dwm (3.66)

Trong do:

n - s0 dinh tan trén mat cit tinh todn;

d - dudng kinh dinh tén;

(o], - tng sudt cho phép theo kéo: doi vai dai thép 16t amidng [6], = 80 + 100 N/mm*™;
dai vai dai thép khong lot, truc ti€p chiu mai mon o], = 60 N/mm”.

Dau dai néi voi khop ban 18 trén tay don thudmg cd thém vit kéo d€ diéu chinh khe
hé € khi 1op 16t dai mon va bi trir sai s6 ¢hé tao (hinh 3.39a). Dau dai kia dvgc ¢6 dinh
bing chot (hinh 3.39b).

LI ]

4

Hinh 3.39: Co dinkh cide ddu dai
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Dai phanh phai bao ddm d& udn cong d€ c6 ti€p xiic t6t véi banh phanh. Néu dai ¢6
do day 16n (8 = 6 mm) thi nén ding hai dai mdng ghép lai bang ban I¢.

Cac mdi ghép dinh tin dung dé c6 dinh diu dai (hinh 3.39) duge tinh theo sirc bén
cdt va dap vai lyc tinh todn 12 lyc ciing dai 1¢n nhit S,

3.3.4. Phanh ndn va phanh dia

Phanh nén va phanh dia 1a hai loai
phanh dién hinh cta phanh édp truc. Trong N e—
cac phanh nay, lyc tic dung d€ tao mdmen A
phanh 12 lyc doc tryc do 16 xo, ddi trong
hoac sic ngudi gdy nén qua hé thong tay _f—/
don hodc he truyén dong thiy luc, khi nén. =

7

Bz

N
s

.ﬂb

« ——

So d6 tinh todan phanh nén cho & hinh
3.40. Dia nén ngoai 2 ldp bing then trén
truc phanh 1. Bia nén trong 3 khong quay
va dich chuyén doc tryc phanh véi luc ép B
P do 16 xo qua tay don 4. Béan kinh trung !
binh cia mit ma sat Ry, ldy theo yéu ciu 3 J Q
vé ket cdu. Quan hé gita bin kinh ngoai p
va bdan kinh trong nén liy R, = (1,2 +
LOR,. k4

Dé tranh ket mit nén, géc nén B/2 phai
1dn hon géc ma sit p cda cac mit ti€p xuc.

Hinh 3.40: So d6 rinh todn phanh noén

tg 121 > 1,26 (3.67)

thudng 1ay B = 16° + 25°,
Luc doc tryc cin thi€t dé€ tac mdémen phanh yéu cu M, la:

Pe=—«—= (3.68)

Luc T cédn c6 cia 16 xo dé déng phanh:
T=F 3
n b
vdi n = 0,9 + 0,95 - hieu suat tay don.
Chiéu rong mait nén xic dinh theo ap luc cho phép cia mit ma sat [p]:
P

B =

2n.R.[plsin %
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Phanh dia c¢6 nguyén li hoan toan gidng nhu phanh nén. C6 thé coi phanh dia la
phanh nén vé&i géc nén B/2 = 90°.

Phanh dia va phanh nén véi mdt mit ma sat ké trén it dugc dong vi ching doi hdi
lyc phanh P lon. D€ giam lyc phanh, ngudi ta thuong dang phanh dia véi nhidu mit
ma sat (hinh 3.41).

Il

i 5//
/’—_‘-\»—h -
e =7 &
: " :/ T Yis-25
SN~ = G 5 I‘“
A

Hinh 3.41: Phanh dia

Phanh gém cdc dia ma sat 5 khong quay va ¢6 thé dich chuyén doc tryc theo chot
din hudng 1. Trén cédc dia 5 c¢6 gédn cdc bé mit ma sat 6. Cdc dia thép 7 khong co bé
mit ma sdt !p bing then hoa vdi truc phanh. Phanh déng nho luc 16 xo 4 ép cdc dia 5
vao cac dia 7. Phanh md nh& nam cham dién 3 voi ngam hit 2 gin ¢8 dinh tréndia 5.
Cac bé mit ma sat cé thé lam viec khong ¢6 boi trom, boi tron bing m& hoic trong
bé diu.

Bin kinh trong R, cia bé miit ma sdt chon nhd nhat ¢é thé theo yéu cdu két cdu. Ban
kinh ngoai thuong 1ay R, = (1,25 + 2,5)R,. P& dim bio boi tron t6t, cdc dia 1am viéc
trong bé diu, nén ldy R, - R, < 60 mm.

Luc doc cin truc cdn thi€t d€ tao mdmen phanh yéu cu:

o My 569
ZR,,f
Trong dé:
Z - sd ddi mit ma séat ;
f - hé s ma st ;
R,, - ban kinh trung binh. Néu coi cong do ma sat & moi diém ciia bd mit ti€p xuc
nhu nhau, Ry, = (R, + R))/2.
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Ap lyc trén bé mat ma sdt phai kiém tra theo cong thic:

p=—"F <ip] (3.70)
(R, -R))

Ap lue cho phép cda mot s6 loai vit liéu trong phanh ap truc cho ¢ bang 3.5.

Bang 3.5. Gia tri d4p huc cho phép [p] déi vai phanb dp truc, N/mm”

- Khong Boi tron Trong
Vat hieu ma sat boi tron bling mo bé diu
Kim loai trén kim loai 0,2 0.4 0.8
Vit lieu ma sat dét hay dan trén kim loai 0.3 0.6 0.8
Vat liéu ma sat can ép trén kim loai 0.6 1.0 1.2
Budc dich chuyén cia dia ép ngoai ciing:
h=Ai

Trong do6:

A - khe hd trung binh gitra cac dia ; vdi dia 6 16t vt liéu ma sat A = 0,75 mm, vii
dia kim loai kho A = 0.5 mm, vdi dia kim loai lam viéc trong bé dau A = (0,2 mm ;
i - 50 lugng dia ma sat.

Hién nay trén may xay dung thuong dung loai phanh dia ham bing md phanh. Phanh
gém mot dia kim loai 1dp trén truc phanh va quay cing tryc phanh gitta hai ma phanh.
Co6 thé dung hai cgp ma phanh dat doi xing qua truc phanh. Céc ma phanh ép trén hai
bé mat cua dia phanh nho luc 16 xo hodac dan dong thiy lyc, khi nén. Trén hinh 3.42
gidi thiéu phanh dia ham bing md phanh diéu khién bing thuy lyc. Khi tac dung lén

2,
o
il
1

X

3
M
3
H
H
H
H

e’
¥

Hinh 3.42: Phanh dia ham bdng md phanh diéu khién béng thiv luc
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ban dap phanh, diu c6 ap di vao khoang xilanh 4 ddy cac pittdng 5 ép cdc ma phanh
2 1&n hai mit bén cua dia 1. Cac xilanh 4 cing ma phanh dugc lién két khop vai u co
dinh 3 va ndm d&i xing vé hai phia so v&i dia 1. Khi ngirng tac dong 1én ban dap phanh,
ddu trong xilanh khong ¢é dp luc va do do dan hdi cla ma phanh ma md phanh ciing
pittdong tach khoi dia 1.

Phanh dia ham bang ma phanh rat tién loi trong sir dung vi rdt dé kiém tra d6 moén
va thay ma phanh (hinh 3.42b). C6 thé dat hai ¢i3p ma phanh d6i xung qua truc phanh
dé giam tai trong hudng truc 1én truc phanh. Do bé mat dia ti€p xdic véi ma phanh
khong lén, 85 + 90% dién tich bé mit dia hd nén né c¢é khad nang thoat nhiét nhanh.

3.3.5. Phanh ty dong

Phanh ur dong 1a phanh dung noi lyc ciia co cdu d€ tao lyc phanh. Luc phanh do co
cdu tao nén thuong 1a luc doc truc nén trong phanh tr dong thudmg s dung két cau
cia phanh dia ho#c phanh ndn.

a) Phanh twe dong voi mdt ma sdt khong tdch roi

Loai phanh nay thuwong dung trong cdc co cdu quay tay co truyén dong tryc vit -
banh vit, dic bi¢t la trong cac palang xich kéo tay dung truc vit. Luc déng phanh P la
lyc chiéu truc cda truc vit do vat nang giy nén.

Phanh tu dong v&i mat ma sat khéng tach roi
(hinh 3.43) gém cic dia 2 va 4 13p trén truc vit
1 bing then din hudng, gika chiing ¢6 banh ¢é¢
3 1dp 16ng khong trén moayo cia dia 2 va ¢é hai
mat ma sdt voi cac dia 2 va 4. bBia 4 c¢6 ngdng
tra 1én vO ¢o dinh 5 cla truyén dong tryc vit -
banh vit bing & do - chin. Banh céc 3 chi cho
phép quay theo chiéu nang vat.

Vat nang Q gay ra momen tai trén banh vit
cia bo truyén, momen nay tao ra lyc chiéu truc Hinh 3.43: Phanh te déng
P, luon hudng tir phai sang trdi ép cac mit ma v&i mdt ma sdt khong tdch roi
sat khong tach roi.

Khi nang vat, quay tay quay cang truc vit theo chiéu nang vat, banh céc quay ciing
vOi cac dia va truc vit, con ¢6c trugt tu do trén cdc rang cda banh cdc. Khi git vat &
trang thai treo, trong lugng vat nang gdy momen tai trén banh vit vd mOmen nay tao
Iuc chiéu truc P, ép chat ciac dia 2 va 4 vao banh céc 3. Nho lyc ma sat gitra banh coc
vOi cac dia ma con coc gitt banh céc cling truc vit khong cho quay theo chiéu ha. Dé
ha vat, ta quay tay quay theo chiéu ha, bé mit ma sat gitra cac dia va banh cée bi trugt
lam vit ha xudng.

Mbomen tai trén banh vit do vit nang gay ra:

D
th = g d [

":'Z'" : np-nt
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Trong do:

Q- tai trong nang;

D, - dudng kinh danh nghia cida tang;

a - boi sudt cla paling nang vat,;

N, . N, - hi¢u suat cda paling va tang.

Nhur vay luc chiéu truc do vit nang gay trén truc vit duge tinh theo cong thic:

MM, D
p,= v - Q NN, (3.71)

Trong d6: Dy, - dudng kinh vong tron chia cia banh vit.
Momen tai trén truc vit:

M, = % Ny = _Q—Dl ' ﬁp-'ﬂ.-m
1 2a.i
Trong dé:
i - (i 56 truyén cla bo truyén truc vit - banh vit;
1N, - hi¢u sudt cda bd truyén truc vit - banh vit.

Vay moémen phanh cin thiét phai tao ra trén truc vit 1a:
M, =pBM, = 9—2%2 Mp-NeNy vOi hé 80 an todn B = 1,2 + 1,25,
i

Luc doc tryc cin thi€t d€ tao moémen phanh yéu ciu theo cong thic (3.69):

M B.Q.D
_M, L non., (3.72)
ZRf  2Zairgs N

Trong d6:
Z - s0 d06i mit ma sat clia phanh dia; vdi so d6 két cdu trén hinh 3.43 ta ¢c6 Z = 2;
R - ban kinh trung binh cda mat ma sat.

Muén dung luc chiéu truc P, dé tao momen phanh yéu ciu thi phii dam bio diéu
kién P, = P. T (3.71) va (3.72) ta c6:

Q.D, . _BQD,
aD,,. Mo = S airg P
B.Dy
Hay: —r ., <1 (3.73)
d 2ZiRf

Chii y : Néu diéu kigén (3.73) khong dam bdo thi phai diéu chinh cdc thong 56 cua phanh dia, cu
thé la tang R, fva Z.
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Mudn ha vat ta phai tac dung vao tay quay dit trén tryc vit mot mémen theo chiéu
ha la;
My =M, - M, = (B - DM,
Nhu vay muén ha vat ta phai tiéu hao niang luong. Day 1a nhugc diém co ban cia
loai phanh nay. D€ gidm M, c6 thé dung gia tri f nhd song néu hé sd an toan qua nhd
(f = 1) phanh s& khong 6n dinh va kém an toan.

b) Phanh te dong voi mdt ma sdt tdch roi

Loai phanh nay thuong dung cho cic co cdu ¢6 bd truyén banh riang try. Vé&i din
dong may, phanh thuong duoc dit trén tryc thi hai sau truc dong co dé giam anh hudng
cda tai trong dong ciac phin quay dén qua trinh
lam viéc cta phanh. Véi din dong tay, phanh
thuong dugc dit & truc dan dong. So d6 két cdu
phanh trr dong vdi mat ma sat tich roi cho ¢

hinh 3.44. P

Phanh gém truc ¢6 ren truyén dong 1 duoc kY 2\ é © 1/‘
dan dong tr dong co qua mot cap banh rang va 7, =
truyén mémen xodn qua banh ring 5 dén tang B
cudn cap. Dia 2 ldp trén truc bing then, dia 4 1 : -
lam cang mot chi tiét v&i banh ring 5 trong ¢6 7,
tién ren an khap vai ren cia truc 1. Gira cac dia 5

2 va 4 ¢6 banh coc 3 1ap 16ng khong trén truc 1. d B

Vit vdi ren hinh thang hodc chir nhat c6 chiéu
ren sao cho khi nang vat, banh ring 5 dich
chuyén sang trai ép dia 4 vao banh céc. Béanh
c6c chi cho phép quay theo chiéu nang vat.

Hinh 3.44: Phanh e dong
vai mdr ma sdt wdch roi

Khi truc 1 quay theo chiéu nang vat, cac dia 2 va 4 ép chit vao banh céc tao thanh
mot khéi quay cling véi truc 1 d€ nang vat. Khi gitt vat & trang thai treo, dudi tac dung
cla trong lugng vat nang, dia 2 va 4 van ép chat vao banh céc 3 va con cée giit cho
banh céc ciung truc 1 khong cho quay theo chiéu ha.

Khi truc | quay theo chiéu ha vat voi van téc khong d8i @, banh rang 5 dich chuyén
sang phai tich dia 4 khéi banh céc 3 va vat ning ha xudng do trong fugng cda n6. Vat
nang ti€p tuc roi do trong luyc cho dén khi véan tdc géc cha banh rang 5 (cung chiéu vdi
®,) ting din va bing w, thi banh ring ngimg dich chuyén sang phai (van td¢ goc tuong
doi gida tryc 1 va banh riang 5 bing khong). Vin tdc gdc cia banh rang 5 tiép tuc tang
va khi 16n hon w, n6 lai dich chuyén sang trai ép ddn dia 4 vao banh c6c 3 lam van
t6¢ gée cha banh riang 5 gidm, cho dén khi nhd hon w, noé lai tach dia 4 khoi banh céc
3 va lap lai qua trinh trén. Nhu vay vat nang duge ha theo chu ki ap di lap lai. D€ toc
d0 ha dugc déu ngudi ta rit ngdn chu ki dich chuyén cia banh ring 5 bing vong diéu
chinh 6 sao cho khe h& gita 6 va banh rang 5 nho nhdt c6 thé, '
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D€ phanh lam viéc ém, mit ma sit thuong duge tra ddu. Véi co ciu dan dong may,
phanh dwoc dit trong bé diu. Trong phanh ty dong véi mat ma sat tich roi, quang
duong phanh phu thudc vao ti 1& gira lyc quédn tinh cida cdc phan quay trong co cdu va
trong lugng vat nang quy vé truc dit phanh. Trong lugng vat nang cang nhé thi quang
duorng phanh cang 16n va nguogc lai. Dé gidm quang duong phanh, trong cic co cdu
nang dan ddng may, nguoi ta thuong dat thém phanh thudng déng trén truc dong co dé
dap tit dong nang cia cac phin quay trong co cdu tir truc dong co dén truc dat phanh.

Momen xodn do vat niang gy ra trén tryc dit phanh:

M, = g).l-nl ;
2at

Trong d6:

Q - tdi trong nang;

D, - dudng kinh danh nghia cda tang (tinh dén tam cép);

a - boi sudt cia paldng nang vat;

ivam, -tisd truyén va hiéu sudt cda truyén dong tinh tir truc dat phanh dén truc tang.

M, chinh 12 mémen ludon cé xu hudng ép dia 4 vao banh c6c 3 va can bing vai
moémen do ma sat tai dia 4 vol banh céc 3 va ma sat tai ren vit.

M, = PfR, + P.r.ig(a + p);

Trong do:

f - hé s0 ma sét gifra cac dia va banh céc;

r - ban kinh trung binh cida ren vit;

p - gdc ma sat cia ren vit (p = 2 + 3° lam viéc trong binh dau);

a - géc nang cua ren vit;

R, - ban kinh trung binh cda bé mit ma sat gitta dia 4 va banh céc 3;

P - lyc doc truc dé tao momen phanh do trong lugng vat nang giy nén.
_ M, _ Q.D,1m, (3.74)

fR, +rtgo+p) 2ailf.R| +r.tg(o + p)]

P

Vi lyc chiéu tryc P, phanh dia ¢6 thé tao ra mdmen phanh la:
M, = PfR, + PfR,
Trong d6: R, - bédn kinh trung binh clia bé mat ma sit gitra dfa 2 va banh cée 3.
Vay dé phanh lam vigc duoc, phai théa man diéu kién sau:
M, 2 B.M,
hay f(R; + R,) = BIf.R, + r.tg(a + p)] (3.75)
Trong d6: B 1a h¢ s& an toan phanh.
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§3.4. KHOP NOI

Khép ndi 1a cum chi ti€t ndi cdc truc hodc chi ti€t mdy quay vdi nhau dé truyén
momen xoin, déng md co cdu, gidm tdi trong ddng, ngin ngira qué tai hodc didu chinh
t6c do v.v...

Theo cong dung, cdu tao va nguyén li 1am viéc, khép ndi gbm céc loai sau:

- Khép néi truc chat: dung dé ndi cimg hai tryc c¢6 do chinh xac 1dp rép cao, gom
hai loai chinh 1a ndi truc chat ki€u dng va kiéu dia.

- Khép néi truc bu: dung d€ ndi cac truc bj nghiéng hodc bi l¢ch d31 véi nhau mot
khoang cho phép do ché tao, 13p ghép thi€u chinh xc hodc do tryc bi bién dang dan
hdi. Céac kiéu khép néi truc bu duge ding phd bi€n hign nay trong mdy xay dung la:
khép ndi ring, khép noi dan héi, khép ndi xich, khép cacding.

- Li hop: 12 mot dang cla khép ndi cé nhiém vu ndi hodc tach cic truc bat ki lic
nao nhd co cau didu khién. Theo nguyén li 1am viéc, li hgp gém ba loai chinh: 1i hop
an khop dua trén sy dn khap gitra cdc vdu hodc céde rang ciia cdc nira li hep; li hop ma
sat ; li hop dién tur. .

- Khép néi an toan: dang d€ giéi han momen tranh qua tai cho co cdu va didu chinh
toc dd quay. Theo nguyén li 1am viéc, khép gidi han mdmen dung ma sit hodc dung
chot dé tranh qua tai cho co ciu, khép didu chinh 8¢ do dung lyc li tam.

- Khép ndi thily luc va bign t6c thiy luc: 14 hai dang chinh cia truyén dong thiy
dong, thuc hign viéc ndi "mém" gitta cac tryc. Chuyén dong dwoc truyén tir phdn din
sang phin bi din nhd dong niang cla dong chit 1dng tac dong lén cic cénh clia banh
cong tac. Khdp ndi thiy lyc va bign tdc thiy luc lam viéc ém, ddm bio an toan khi qua
tdi vd ngay cang dugc ding phé bi€n trong cac loai may xay dyng. C4u tao va nguyén
li lam vig¢c cha khdp ndi thdy lyc va bién tdc thdy luc duge gidi thigu trong gido trinh
"Truyén ddng thay lyc". '

Thong s& ki thuit co ban dung d€ tinh toan khép ndi 124 momen xodn cida truc ldp
khdp néi M,. Gia tri M, duoc x4c dinh theo phuong phdap tinh toan ti trong bén ngoai
tdc dung ln truc tdy theo diéu kién lam viéc va loai may cu thé. Trong qua trinh truyén
momen xodn, khdp ndi con chiu dnh hudng cia tai trong dong, hue va dap va dao dong
cla truc tay theo didu kién lam viéc va dic tinh tai trong cia may. Vi vay ma khép
ndi dugc tinh todn khong theo mdomen xodn danh nghia ma theo mémen xodn tinh
todn M,

M, = k.M,

Trong do:

k - he sd tinh toan tay thudc vao loai may va ch€ do lam viéc, k = 1,25 + 4;

M, = N/w - modmen xodn cia tryc 1dp khdp, N.m;

N - cong sudt trén truc, W;

o = ©tn/30 - van tdc géc cha truc, s'l',

n - td¢ dd quay cda tryc, vg/ph.

125



Trong myc nay, ta coi moémen xodn tinh todn M, d4 xac dinh va la théng s6 cho
trudc dé tinh toan khop.

Cac loai khép n6i noi chung da duge tiéu chudn héa va ché tao hang loat, dic biet
la c4c loai khép noi dang trong may nang. Cac thong s6 dic trung dé chon khép tieu
chuin 12 méomen xodn tinh todn ma khép truyén duge va duéng kinh ddu truc. Dudng
kinh ddu truc c6 thé xac dinh bing phép tinh toan tryc theo xodn thudn tuy vdi he s6
an toan bén cao.

Cic loai khép ndi duge giGi thiéu trong cac gido trinh chi tiét may, otd - may kéo,
truyén ddng thdy lyc v.v... Trong muc nay chi gidi thiéu cdu tao va phuong phap tinh
mot s& loai khép néi thong dung trong may xay dung.

3.4.1. Khop néi truc chit

Trong trudng hgp truc dai, néu lam truc lién sé gip kho khan trong ché tao, van
chuyén va 1dp rap. Vi vay ngudi ta ché tao truc thanh nhiéu doan ngidn va ndi lai vai
nhau bang khép ndi truc chit kiéu 8ng (hinh 3.45) hodc kiéu dia (hinh 3.46).

Khdép noi truc chit kiéu ong gém mot 6ng 1dp trén cdc diu truc va truyén modmen
xodn qua 6ng nhe cdc chot (hinh 3.45a) then (hinh 3.45b) hodc then hoa (hinh 3.45¢).
Céc chi ti€t cia khop ndi truc chit thuéng lam bing thép 45. Uu diém cda khép ndi
truc chit kiu &ng 12 cdu tao don gidn, gon (dudng kinh khép nhd) va ré tién. Nhuoc
diém la yéu cdu cac diu tryuc phai dugc ldp dat rdt chinh xac va trong qua trinh théo,

%

G,

Hinh 3.45: Khop néi truc chdt kiéu éng
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lip cin phai dich chuyén truc hodc ¢ng theo phuwong doc truc mot khodng 1én. Phuong
an dung then hodc then hoa cén phai c¢6 vit dinh vi dng trén truc. Tinh todn then va
then hoa theo gi4o trinh chi tiét may. Trong phuong dn ding chdt, chdt cdn dwoc ki€m
tra theo siric bén cat:

4M,,
d.md;

T, = <[]

Trong doé:
M, - mémen xoén tinh toan, N.mm;
d, d, - dudng kinh d4u truc va dudng kinh chdt, mm;

{r]. - ung suat cho phép theo cit, d6i véi chot lam tir thép 45 thuong lay
[t} = 40 N/mm’.

Ong trong ca ba trudng hop duge ki€m tra bén theo xodn:

Mll

o] 1+(5)]

T, = —hﬂ A < [1],
W()

Trong do:
D - duong kinh ngoai cda 6ng, mm;

[t], - ung sudt cho phép theo xodn, thuong ldy (1], = 25 N/mm” ¢6 tinh d&n su giam
momen chéng xodn cida ong do ¢d 16 chét hodc ranh then.

Khép noi truc chat kiéu dia (hinh 3.46) la loai n6i tryc chit chd y&u, gbm hai dia
¢6 moayo, mdi dia ldp trén ddu truc bing then hodc m&i ghép c6 do doi rdi dung bulong
bit chiat hai dia v&i nhau. Trong truong hop diung then, cac dia duge dinh vi trén dau
truc bing vit cdy chong dich chuyén doc truc. Cac dia ¢ thé duoc 1am dudi dang kin
(hinh 3.46a, b, d) hodc dang hd (hinh 3.46¢). Pia dang kin ¢6 g& che cac bulong lam
viec ddm bao an toan hon va ¢6 thé dung lam banh phanh. Cac dia dugc dinh tam véi
nhau bing cic g& dinh tam duge gia cong co khi chinh xdc (hinh 3.46a, ¢) hoic cdc
nira vong dém dinh tam (hinh 3.46d). Viéc sit dung cac dia vadi hai nira vong dém dinh
tam cho phép thio, 1dp khdp ndi va truc ma khong can dich chuyén céc dia trén dau truc.

Khap néi truc chit kiéu dia cd do tin cay cao, cdu tao don gian, ré tién va dugce ding
pho bién hon kiéu ong. Nhuge diém cla ching la yéu cdu ldp dit chinh xdc cac dau
truc, dac biét 1a dd vudng gdéc va song song voi truc cua cac g dinh tam dia, kich thudc
duong kinh dia 16n so v&i loai 6ng. Cac dia ¢6 moayo thuténg dugc ché tao bing thép
40, thép dic 35L hoic gang xam. Céc nira vong dém dinh tam, bulong va dai dc thudng
duogce ché tao tir thép 35.

Bulong lién két vai cac dia bing hai cach: 1dp ¢6 khe hé (hinh 3.46a) va lip khong
¢o khe hé (hinh 3.46b).
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Hinh 3.46: Khop ndi truc chdt kidu dia

Khi diing buléng lip khéng c6 khe hd, cic buldng dugce ki€m tra bén theo cit:

8M,,

To=———
D, .Z’.nd”

< [t

Trong 46:
D, - dudng kinh vong tron tam cic buldng, mm;
d - dudng kinh buldng, mm;

Z’ - s buldng chiu cit 14p khong cé khe hé. Trén mot khép ndi, s§ bulong 14p khong
c6 khe hé ¢6 thé it hon téng s6 bulong Z (c6 thé 1dp cach déu Z' = Z/2 s6 bulong khong
¢6 khe hd va s& con lai 1p c¢6 khe hd va coi todn bd moémen do s& buldng khong cé
khe hé chiu);

[t]. = 0,250, - ting suat cho phép theo cdt ; o, - gidi han chiy cla vat lieu lam buldng
(461 véi CT3 ldy o, = 220 N/mm’, thép 35 1&y o, = 320 N/mm’...).

Khi dang bulong 13p c6 khe hé, buldng chiu kéo va dugc tinh theo luc xiét cdn thigt
dé€ tao nén lyc ma s4t ddm bao tho ndi truc c6 thé truyén dugc mémen xodn M,

Vv = 2N[" < [P] (3.76)
D,.Zf

Trong dé:

Z - tdng s6 buldng trén khdp;

f - he s0 ma sat, f=0,15 + 0,2;

[P] - luc kéo cho phép d8i v&i bulong.
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Néu didu kién (3.76) khong ddm bao thi cdn phai tang so buldng Z hodc dung bulong
c6 dudng kinh 16n hon.

3.4.2. Khop ndi truc bu

Khdp n&i ring duge tiéu chudn héa cho truc ¢6 dudng kinh 40 = 560 mm véi momen
xo4n t¢i 10°N.m. Khop ndi rang (hinh 3.47) gém hai moayo ldp trén ddu truc biing then
vOi cdc rang ngoai dang rang than khai dn khép vai cac rang trong cda vo khop. Hai
ntta v6 khop lién két vai nhaw bing bulong. Khdp ndi ring co thé ba trir moi sai léch
hudng tam, hudng kinh... goc sai léch cho phép Ag < 1° (xem hinh 3.47¢) nhung khép
noi rang khong c6 tac dung gidm va dap va tdi trong dong. Khdp noi rang duge sit dung
phd bi&n trén cdc mdy hang nang. cong suiit 1on. Dé bl trir cdc sai léch, dinh cdc ring
ngoai cia moayo lam dudi dang cung tron va moaye ¢6 khe héd mat dadu vai vo 8 (hinh
3.47a). bé mit tiép xuc cla rang lam cong (mit cit ring ngoai clia moayo ¢6 dang tang
rdong) va cdc rang an khdp vdi khe hé mat bén 1én (hinh 3.47b). Cac chi ti€t cda khép
rdng thuong lam tir thép 40 va 451, bé mit ring ngoai cda moayo thudng co do cing
Idn hon bé mat ring trong ctia
vo vai do cung khong dudi
HRC35. Dé gidm do mon.
khép rang duge boi tron bing
dau ¢é dd nhaot cao. Tinh todn
in khop ring va kiém tra bén
theo gido trinh chi ti€t may.
Khi tinh todn d6 bén mon cda
rang, ta coi tai trong tac dung
déu lén cdc rang va cac rang
ti€p xu¢ vai nhau theo toan bo
mat bén rang vai chidu rong b
va chiéu cao h = 0.8m + m.
biéu kien kiém tra do bén
mon: Hinh 3.47: Khop noi rdang

M
= —*— < [p]

bl

0,9b.D;

Trong d6:

b - chiéu rong ring, mm;

D, = m.Z - dudng kinh vong tron chia cGa rang, mm;
m, Z - mddun an khép va so rang;

[p] = 12 = 15 N/mm” - ap luc cho phép.

Khép noi xich (hinh 3.48) gdm hai dia xich ¢4 s6 rang nhu nhau ldp trén hai diu
truc, mot vong xich an khép véi ca hai dia xich, ngoat cing 12 vé che kin ¢6 16 tra diu
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bdi tron. Vong xich thuong
ding loai xich dng con lin loai
modt day (hinh 3.48a) hodc hai
ddy (hinh 3.48b). Khop noi
xich mot day thudng dong dé
noi truc ¢6 dudng kinh 18 dén
125 mm, momen xodn tdi
6300 N.m, cho phép goc léch
truc t¢i 19 va do léch huong
kinh 0,5 d&n 1,2 mm. Do khdp
noi xich co dé ro lén ma chiing
khoéng dwogce sir dung trong co
cdu ¢é truc quay ddi chidu va
c6 lyc va dap 1on. Uu diém cha
khop ndi xich la: cdu tao don
gian, twong doi nhd gon, dé
thio lip méa khong cin dich
chuyén doc truc va ¢6 sir dung
chi ti€t thong dung la xich. Dia
xich ¢o thé duge ché tao L
thép 45 hodc thép 20X ¢6 nhigt
luyén.

Khdp cacding dung dé noi
cic truc khong cing niim trén
mot duomg thdng, cdt nhau mot

Hinh 3.48: Kheop noi xich

goc 131 40° va géc nay cé thé thay d6i trong qud trinh lam viéc. S& di chuyén dong
quay truyén dugc gitta hai truc ¢é géc lech 1én nhu vay 1a do khép cacdang cé hai khdp
ban 1€ ¢ truc vudng géce véi nhau. Néu ding mot doi cacdang ddt & hai dau tryc trung
gian thi co thé lam tang goc léch gitra truc din va bi din. Khi truc dén quay vaoi tdc do
déu thi truc bi din voi mot cacding sé 6 toe dd quay khong déu. Khi dang mot doi
cacdang vai tryc trung gian ¢o thé dam bio 16c do quay déu cha truc bi din véi khodng
cdch truyén twong doi 16n néu truc ciia cic khdp béan 18 1ip trén tryc trung gian song
song v&i nhau va goc lech 8, = &, (xem hinh 3.49).
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Khép ndi dan hdi, ngoai viéc ¢6 thé bl trir cac sai lech giva cac ddu truc, con ¢o
tdic dung gidm va dap va chan dong, dé phong cong hudng do dao dong xodn. Trong
may xay dung dung phd bi€n nhdt 1a khép ndi dan hoi ¢6 6ng 16t cao su chiu nén (hinh
3.50), dac biet la trong cic co cdu din dong bing dong co dién. Khop gém hai nira
khop 1dp vai cac diu tryc bing then (du truc hinh try hodc con). Cic nira khdp lign
k&€t v&i nhau bing cac chot dé truyén momen. Pudi hinh con cda chdt duge bit cing
véi mot nira khop, ddu kia cia chot ¢6 boc vong cao su chuyén ding va dugc ldp vao
cdc 18 cia nira khop con lai (hinh 3.50). Khép ndi dan hdi c6 ong 16t cao su duge ché
tao cho truc ¢é duong kinh 16 + 150 mm, momen t¢i 1500 N.m va ¢6 thé b trir sai lech
huéng kinh (0,3 + 0,6 mm),
hudng tam va sai léch gdc (dén
17). Cic nira khop thudng dugc
ché tao tr gang xam, 461 voi

16" hink try !

J

khdp 1dp trén truc quay nhanh

co thé dugc ché tao tir thép 30
hoac 35L. Chot duge lam tor
thép 45. Nhu da mo ta & trén,
chot duge ldp cing véi nira g
khép bén trai (xem hinh 3.50) to
va trong qud trinh truyén

T
I~

modmen xodn nd lam viéc nhu
mdt dim cong xoén chiu udn.
DPidu kién kiém tra chét theo
stic bén udn la:

Hinh 3.50: Khop néi dan hoi c6 éng I6t cao su

_ oMyl o

D, .Z.d

g,

Trong doé:
[, - chiéu dai phan chét lam vigc nhir cong xon;
D, - dudng kinh vong tron tinh dén tam chdt,
d., Z - duong kinh chét va sé chét trén khop;
[c], - tng sudt cho phép ciia chdt (80 - 90 N/mm”).
Ong 16t cao su duge kiém tra theo siic bén dap:

o0 = —h_ g,

D,Z.d.l

Trong do:
[ - chiéu dai dng 16t cao su; .

2

[c]4 - ung sudt dap cho phép, d8i v4i cao su thudng lay [o]y = 1,8 + 2 N/mm".
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Khap néi dan hdi véi vanh cao su sgi
manh chiu xoidn (hinh 3.51) gém vanh dan
héi kidu 10p xe bit 1én cac nira khép nhd
bulong va vanh kep. Loai khop nay 6 kha
nidng gidm chén t6t, dé thao ldp thay thé
chi tiét dan hoéi va khong ¢é bo phan chiu
mai mon, do khédp ¢o do cing thay doi ma
co thé tranh dugc hién trgng cong hudng
do dao dong xodn. Tuy theo kich thudc
ctia khop ma do sai léch ma khép c6 thé bu
trir duoc la rat 1on: sai léch tim 3+ 6 mm;
sai l¢ch hudng kinh 2 + 6 mm; gdc léch
2 + 6% mdi ntra kKhép ¢6 thé xoay tuong
ddi so voi nira khop kia 5 = 30°. Vanh cao
su dan hdi dwoc kiém tra bén theo diéu
kién sau:

—MLS[T]

7

m.Dy.6

Trong do:

Y '\i
S \V_\\\ ®

4

%}4‘\\ i ®\ T

Hinh 3.51: Khap néi dan hoi voi
vanh cao su chin xodn

D, - dudng kinh vanh cao su tai mat cit gin vanh kep;

d - chidu day vanh cao su;

ft] - ung suit cho phép, [t] =04 N/mm”.

Ngoai ra trong may xay dung con dung loai khdp vau véi dém dan hoi hinh sao.

3.4.3. Li hop

Li hop vdu (hinh 3.52) 12 loai li hgp 4n khép truyén dugc momen xodn lon va ding
trong trudng hop yéu ciu do ém diu khong cao khi déng mé li hop. Pia bi dong cia li
hop thudng dugc lip ¢d dinh trén truc din dong cdn dia chl dong lip trén truc bi din,
¢6 thé dich chuyén doc truc theo then din hudng hoidc then hoa dé dong md& li hgp nhe

2% 8

Hinh 3.52: Li hop vdu va profin cia vdu dn khop



co ciu diéu khién. S& di dia chd dong dugce 1dp wrén true bi din dé gidm mon cho co
cfu déng md li hgp vi truc bj din chi quay khi li hgp dong va chi khi do méi ¢6 su
trugt gitta dia chd dong va tay don diéu khién. Trén bé mit cac dia ¢6 cdc vau, khi
déng li hop, ciac vdu an khop voi nhau dé€ truyén momen xodn, Cic vdu thuong ¢6
profin hinh chir nhat hodc hinh thang (hinh 3.52b). VAu hinh chit nhat doi hoi 1dp dat
chinh xdc cidc dia va dong li hgp chi thuc hién khi truc khong quay. Gitra cac vau chi
nhat in khdp can phii ¢6 khe hé nén sé bi va dap khi déi chiéu quay. Vau hinh thang
cho phép ddng li hgp khi truc quay trong truong hop mdy chay khong tédi va chénh léch
van toc dai gitra cdc vau cia hai dia khong qua | m/s. Vau hinh thang khi in khép xuét
hién lye doc true S tic dung nguogc chiéu dong li hgp (hinh 3.52b). Vi vily géc nghiéng
canh bén cda hinh thang o = 2 + 8" d¢ dam bdo (¢ ham va gidm tue déng 1i hop. Néu
truc chi quay theo mot chiéu (khong déi chiéu) thi c6 thé diung viu hinh thang khong
can déu hai bén.

Trong qua trinh lam vigc, cdc vau chiu udn ¢6 va dap vi chiv mai mén. D6 bén mon
dugc kiém tra theo diéu kién sau:

M,
T <
D,.Z.b.h P

Trong d6:

D, - duong kinh trung binh cila cic vau;

Z - 50 viu trén dia;

b, h - chiéu dai va chiéu cao vau.

Luc doc truc cdn thiét dé dong (l1dy ddu +), mé (1dy ddu -) 1i hop viu:

2M,,

Q=
Dn

[f-%’ + tg(or + p)]

Trong do:
d - duong kinh tryc ldp dia ;2 3

chi dong (hinh 3.52a); 7
{ - hé sO ma sit; _ ‘ % \\\\\

o - goc nghiéng mat bén clia
vau (hinh 3.52b); % =
p - géc ma sat.

Li hop an khép ring ¢o cau ] - WB’"‘" ! ]

tao gin gidng véi khdp ndi 9
rang. Dia rang 1 1dp co dinh ug]
trén truc dan (hinh 3.53a), khi 8- 3
cdn md li hop. can phai dich H

chuyén dia ring 3 doc truc - v
sang trdi dé cac ring cua né
khong an khép véi cac rédng Hinh 3.53: Li hop an khop rdng
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trong cia vé 2 ntta. Trén hinh 3.53b la li hgp an khép rang loat hé (khong cé va), truc
din va bi din dugc 1dp véi cac dia ¢6 ring trong va ring ngoai An khdp vdi nhau khi
dong li hgp. .

Li hgp ma sit cé thé dong d€ truyén chuyén dong khi ¢6 tdi va lam viéc ém. Khi
tic dung mat luc doc truc Q lén dia chid dong chia li hgp ma sat kiéu dia (hinh 3.54a),
H hgp dong dé€ truyén momen xodn nh& luc ma sdt gita cic dia. Néu coi lyc ma sat
phan bd déu trén bé mit hinh vanh khin clia dia thi tdng luc ma sat £.Q tac dung lén
dia vdi ban kinh twong duong R

3
D' - D,

2

D’ - Dj

Khi ting lyc Q, mémen ma sit M, = f.Q.R, ting cho dén khi M = M, thi li hop
déng hoan toan va hai tryc $& quay cing tdc do. Luc Q cén thiét dé dong li hop xdc
dinh theo cong thirc:

I
Rld=§‘

_ M,
1 D'-Dj;
3 D-D°

Pé gidm luc doc truc Q va gidm kich thudce dia, cé thé dung li hgp ma st voi nhiéu

dia {(hinh 3.54b). Khi dé lyc déng i hgp nhiéu dia Q dugc xdc dinh theo cong thic:
M, :
1 DD gy
3 D’-D7

Trong d6: Z - s6 cp bé miat ma sdt cialihgp(Z =n-1 vdin la tong s& dia trong
lihgp). Thuong lay Z 1a mot s0 chan trong d6 s6 dia chd dong la Z/2 va so dia bj dong
lazn2 + 1.

Q=

TR
Y,

N
N

— _

Hinh 3.54: Li hop ma sdr ki¢u dia
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Ngoai ra, dé giam luc Q, bé mit cac dia duoc gdn cac tAm 16t ¢é hé $6 ma sat cao
va chiu mai mon t5t. Diéu kién bén mon cia cic bé mit ma sat:
12M,
3 3 =1p
T[.(D - DI).f.Z

Theo diéu kién bén mon, luc déng li hgp cho phép dugce xic dinh theo cong thiec:
T,
Q] = [pl-z (D* - DY)

Cich kich thude co ban cia li hop ma sdt duge 1dy theo kinh nghiém tir kich thudce
truc d (xem bang 3.6).

Bang 3.6. Cong thic kinh nghiém xidc dinh
cac kich thwoce cor bin cia li hgp ma sat

Thong s0 Dia trong bé diu bia kho
D, (1.5 = 2)d 2 + 3)d
D (L5 + 2)D, (1,5 +2,5D,
v4 <16 <6

Heé s8 ma sat clia cac cap ma sdt kho 13y nhu sau: chat déo trén nén amiing vai thép
hoac gang f = 0,25 + 0,4; kim loai gom vdi thép 101 f = 0,35 + 0,45, gang vdi gang
f=0,14 = 0,18; thép té1 vai thép 161 hay gang f = 0,06 + 0,08. H& s& ma sat gira kim
loai g&m vdi thép toi ngam trong diu f = 0.08 + 0,12.

§3.5. THIET BI TUA QUAY

Thiét bi tya quay 1a bo phan lién két gitta phan quay va phan khéng quay ciia nhing
may cé chuyén dong quay quanh truc thing dirmg nhu cac loai cdn truc quay, may dao
mot giu, may dao ngang nhiéu giu he roto, may dong coc, may khoan v.v... Nho c6
thi€t bi twra quay (TBTQ) ma tai trong duoc truyén tir phdn quay xuong phin khong
quay va tr dé xudng nén va may cé thé quay quanh tryc thing ding mot cach nhe
nhang. Viéc lya chon loai TBTQ phu thudc vao cong dung va cdu tao chung clda may.
Theo dac diém 1dp dat va cdu tao, TBTQ gdém hai loai: TBTQ nidm trong mat phing
ding (TBTQ trén cot) va TBTQ ndm trong mat phing ngang (vong tira quay).

3.5.1. Thiét bi tira quay trén cjt

TBTQ trén ¢dt godm hai loai: TBTQ trén c¢ot quay (hinh 3.55) va TBTQ trén cot co
dinh (hinh 3.56). Do c6 két cdu chiém it dién tich nén TBTQ trén cot duge diung nhidu
& can truc cang (hinh 3.55a - loai cOt quay), cin truc néi (hinh 3.56a - loai ¢cot ¢o dinh),
cdn tryc quay tinh tai trong cdc phan xudng co khi, nha ga v.v... (hinh 3.55b - loai cot
quay va hinh 3.56b - loai c¢dt c¢d dinh).
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Hinh 3.55: So d6 b0 tri TBTQ trén cét quay

Theo cac so d6 bd tri TBTQ trén ¢ot hinh 3.55 va 3.56, TBTQ trén cot gédm hai
go1 do:

- GO d-chan A (g&i dudi dot vai loai ¢dt quay va gdi trén d6i vai loai ¢ot ¢é dinh)
chiu lyc ngang H, va lyc thing ding V.

- Goi d6 B (goi tren doi véi loai cot quay va goi dudi doi vai loai cot ¢d dinh) chiu
luc ngang Hy,.

bit cdc thanh phan tdi trong tac dung 1én phin quay clia mdy (tai trong nang, trong
lrgng ban than cdc bo phan cda phian quay ké cd doi trong (néu co), tai trong gid v.v...)

v
&

N\
N\

l&




va lap cac phuong trinh can bing 2y =0 ; XM, =0 va XMy = 0, ta c6 thé dé dang xdc
dinh dwoc cac luc Hu, Hy va V tac dung lén cac goi cia TBTQ trén cot. Dang cac luc
H,, Hg. V da xac dinh dugc dé tinh toan ngong truc (ddi voi loai cot quay), tinh cot
(ddi voi loai cot ¢o dinh), tinh chon & cho cdc g&i do A va B ctia TBTQ trén cot, tinh
momen can quay do ma sat & cac goi.

Goi do-chdn A (hinh 3.57) gém hai &: ¢ d& thuong 1a 8 bi ciu hoic bi dia long ciu
tr lra, 6 chan la 6 bi cdu hoic & bi con (tuy theo gia tri tai trong). Néu 6 chan 1a bi
ciu thi phan tra cda & chin 1a hinh ciu ¢é tam tring véi tam cda long cdu ty lya trén
6 do dé khong 4nh hudng dén qua trinh 1lam viéc cda 8 chin (xem hinh 3.57). T6c do
quay clia may thuong rdt cham nén 6 chin va 6 do dugc tinh chon theo tai trong tinh
bing cic phan lyc Ha, V theo gido trinh chi tiét may. Dot vdi mdy ¢6 tii trong nhd,
cic 6 do, chin ¢6 thé dung & truot.
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Hinh 3.57: Géi do—chdn A cia TBTQ trén cot
a) Loai cot quay (goi duoi); b) Loai cét co dink (g67 trén).

Gaoi do B (g6 dudi) cia TBTQ trén cot ¢6 dinh gdm cdc con ldn ti 1én cot khi quay
va ching dugc gdn trén cdc vanh thép cda phin quay (hinh 3.58a, b) hodc gdm nhiéu
con lan chay trén cdc vong ray phia ngoai va phia trong, cac con lian ludn cdch déu
nhau nhd vong cach (hinh 3.58¢). Loai g&i d& véi hai con ldn tua (hinh 3.58a) chi dung
trong truong hop lyc ngang tac dung lén g6i do B ludn theo mot chiéu (vi du: can truc
cot ¢d dinh khong c6 d6i trong). Loai goi véi bon con lan tya (hinh 3.58b) 1a loai thong
dung nhit va c¢é thé dung cho may ¢6 luc ngang tac dung 1én g&i do B theo mot chiéu
hodc doi chiéu (loai co doi trong). Khi may ¢6 tai trong 16n, nguoi ta thuong dung goi
do B ¢6 nhiéu con lin (hinh 3.58¢).

Goi do B (g6i trén) cda TBTQ trén ¢dt quay ¢6 ciiu tao twong ty nhu loai cot cd
dinh, chi khac 12 cdc con lan tva thuong duoc gidn trén cot (phan quay) va chung ti 1én
vong ray tron gan trén phan khong quay. DBoi khi cde con lin tya duge gin lén phin
khong quay va ching ti 1én phin quay khi lam viéc (d0i vdi loai ¢é 4 con lan tua tré
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lén va gdn cach déu nhau). Riéng ddi vai cédn truc ¢ot quay dang trong phan xudng co
khi (hinh 3.55b), do ¢6 khodng cach gitra hai g&i tya 16n ma lyc ngang Hg thudng nhéd
va ¢6 thé dong g6i do trén B 1a 8 trugt hodc 6 bi do thong thudng.

Luc nén tic dung lén mot con lan tua 1a (hinh 3.58b):
Hy
2cosa

N =

D& tinh luc nén lén nhat tac dung 1én con 14n cia gdi d¢ c6 nhidu con lan ta gia thiét
luc nén tac dung lén cac con lan phan bo theo quy luit:
N, = N,.cosa,
Trong do:
N, - lurc nén tac dung 1én con lan thir x;
N, - lyc nén 16n nhit tdc dung 1én con ldn ndm & truc d6i xing (song song véi Hy);
o, - géc gilta phuong cia N, va N,. '
Chiéu tat ¢ cac lyc 1én phuong tac dung cda Hg:
Hp = N, + 23N, cosa, = N, + 2N, cos’a,

Vay: N, = Hy

1+ 2Zcos™a,

N
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Hinh 3.58: G6i do B ciia TBTQ trén c6t 6 dinh
a} Loai hai con ldn twa; b) Loai bén con ldn tea; c) Loai nhiéu con lan.
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Tai trong tinh toan tic dung l1én con 1an N’ = N .k vd&i k = 1,25 1a hé s ké dén kha
ning x6 léch cac con lan va do khong chinh xéc cda gia thiét trén. Con lin tga va phan
cOt hodc ray ti€p xic vdi ndé dugc tinh todn theo ing sudt tiép xic vdi luc nén N hoic
N,’ theo phuong phép tinh trong muc §3.6. "Banh xe va ray", tuy theo vat liéu, d¢ cing
bé mat 1ian va trang thai tiép xuc.

Momen cian quay do ma sat & goi do B cia TBTQ trén cdt (loai hai va bon con
lan tua):

Hy

MmsB = . d“.(.l)
2coso

Trong do:

d, - duong kinh goi do B tinh dén tam con lan tua;

® - hé s6 can chuyén dong cia con lin tya, xac dinh gi6ng nhu trong co ciu
di chuyén.

Momen cdn quay do ma sit & gbi do-chin A cia TBTQ trén cot:

Trong do:
d,, d» - duong kinh & chan va 6 d;
f,, f, - hé s0 ma sat § chin va 6 do (xem co cdu di chuyén).

Do hai 8 clia gdi chiu déng thoi luc dec va ngang nén thudng lay tang gia tri cla
Mms:\ len 1.5 lﬁn .

3.5.2. Vong tya quay

Vong tua quay 1a loai TBTQ nam trong mat phdng ngang c6 dic diém la toan bo he
thong dat trén phan quay gon va thip nén dam bio 6n dinh va khong giy momen udn
lon nhu loai TBTQ trén cot. Vi vay. vong tra quay dugce sit dung phé bién trén céc loai
may xdy dung hién nay nhu cin truc, mdy dao, mdy dong coc, mdy khoan... Tuy nhién,
so vdi loai TBTQ trén cot, vong tya quay c¢é cdu tao phic tap, khé ché tao va gia
thanh cao.

Theo cau tao, vong tya quay gom ba loai:

- Vong tra quay kiéu banh tya (c6 it di€ém (ya);

- Vong tya quay kiéu con lidn (¢é nhiéu di€m tua);

- Vong tya quay kiéu 6 bi.

a) Vong twa quay kiéu bdanh tea

Vong tya quay kiéu banh tya (hinh 3.59) gdm mot tru gifra 4 gdn trén phin khong
quay dé dinh tam phin quay v&i phin khong quay, va dugc goi 1a ngong truc trung tam,
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Hinh 3.59: Vong tiea quay kiéu banh tea

Trén phin khong quay c6 gin vong ray tron 3 vi lan trén ray tron ia cac banh xe tya
2 ldp wrén cdc xe con 1 gin cuing vdi phdn quay.

S6 xe con | gdn trén phin quay thuong la bon xe (bon diém tya). Tuy theo tai trong
ma trén mdi xe con ldp mot hodc hai banh xe tya (trudng hop dung hai banh xe tya trén
mdi xe con thi ching dugc ldp trén cdu can bing dé dam bao lyc nén trén cdc banh xe
tya déu nhau). Trong qua trinh lam viéc, cdc banh xe twa chiu lyc thing ditng truyén
tr phan quay xudng phan khong quay. Cédc banh xe tua ¢6 thé la hinh try hodc hinh
con. Banh xe tya hinh try ¢é cau tao don gian, dé ché tao song khi lan trén vong ray
tron $& ¢6 sy trugt gitta mat lan va ray lam banh xe chéng mon va mon khong déu
(mudn giam sy trugt thi phii tang duong kinh vong ray). Banh xe tua hinh ¢én ¢é wu
diém la tao chuyén dong lan khong trugt song lai xuat hién tdi trong hudng kinh déng
thoi két cau phuc tap, kho ché tao va ldp rap.

Trong qua trinh dinh tam gitra phan quay va
phan khong quay, ngdng truc trung tam chiu fuc .
nim ngang va thuong duge ldp 6 bi dg hai day
ty lya hoac bac d6. Trong truong hgp modémen
lat M qua Ién, lyc nén trén mot s6 banh xe tua
sé biing khong va xuat hi¢n phan lyc thing ding
huéng tr dudi 1én (phan lyc am) lam mdt 8n
dinh cho vong tya quay va phin quay. D€ dam
bao 6n dinh, ngudi ta lam ngdng tryc trung tam
chiu phin lyc thing ding bing cach ldp thém
trén ngdng truc trung tam & bi chin hodc bac Hinh 3.60: Ldp dat cdc con lan i
chan (hinh 3.59a), hoac ldp cdc con lan ti chéng  chong lit chiu phin luc thang ding
tat 5 chiu phan lyc thing ditng (hinh 3.59b va 3.60).

Tuy theo loai may, cong dung, cdu tao va diéu kién lam viéc ma cic thanh phan luc
cda phdn quay tdc dung Ién vong tya quay rit da dang, song nhin chung c6 thé quy vé
ba thanh phan: luc thing ding P, luc ngang N va mémen lat M. Céc banh xe tya thuong
dugc bo tri ddi xing qua truc doc ox ciia may. Trong trLrorng hop tong quit momen lat
gdm hai thanh phin M, va M, va mdmen lat M = M + M ndm trong mit phdng j-j

!'
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{(hinh 3.59b) lam luc nén cac
banh xe tya phia truéc khong
déu nhau va xudt hi¢n trudong
hgp phan quay tya trén ba
diém. Hau hét cic loai may xay
dung c6 chuyén dong quay déu
chiu lyc tic dung dé&i xing voi
truc doc ox cua ching, thanh
phin momen l1at M, theo
phuwong vudng goc voi truc doc
(néu ¢o6) thudng rat nhd. Vi
vay, dé tinh vong tua quay, ta
¢6 thé xét trudng hop céc luc
tic dung do1 xing vai truc doc
ox va momen lat M tiac dung
trong mat phing thing ding
chira truc doc ox cia mdy (hinh
3.59a va 3.61).

Cac thanh phan lgc trén
phin quay tic dung lén vong tua quay cé thé quy thanh hai loai (hinh 3.61):

Hinh 3.61: So d6 xdc dinh
cde lwe tde dung 1én vong tiea quay

- Luc ngang N, luc thing dimg P @it tai tam quay va momen lat M nim trong mat
phang thing diung chua truc doc ox (hinh 3.61b);

- Luc ngang N va luc thing ding P dat cach tim quay mot khoang e = M/P
(hinh 3.61c).

Luc P, N va mdmen M dugc xdc dinh theo cac cong thic sau:

P = XG,.cosal + Q.cosar + L P’y :

N = XG,sina + Q.sinct + 2Py + IW; ;

M = 3G, .cosa.b; + Q.costt.a + 2 P{'“ .b; + XG;.sinoth; +

+ Q.sincth + Z P hy + IW,.p;.
Trong do:
G, - trong lugng cic bo phin cda-phin quay;
Q - tai trong nang;
2 P’ - tOng céc luc quan tinh tic dung vudng goc véi mat phing ciia vong tua quay;
EP”ql - tdng cac luc quan tinh ngang tac dung song song véi mit phdng cia vong
twa quay;

YW, - tong lyc gio tac dung lén cdc bo phan trén phin quay;
o - goc nghiéng cia mat bing dat may;
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a, h, b;, h;, p; - cdc canh tay don cia cac lyc khi 1dy momen Gng véi tam quay hoic
mit phéng clda vong tua quay.

Luc ndm ngang N xic dinh duge dung d€ tinh chon 6 bi d¢ trén ngéng truc trung
tam. D€ tinh toan cac banh xe tra, ta phat xac dinh luc nén l1én cdc diém tya 12 cac xe
con A va B (hinh 3.59a):

4 2a 4 2a
Biéu thitc (3.77) c¢6 nghia khi Ry > 0 uitc I tdt cd cac banh xe twra déu chiu luc nén.
Khi M i&n, vong tra quay c6 thé bi mat 8n dinh do Rg < 0 va xudt hién phin luc am.
Dé dam bao én dinh, nguoi ta thudng ting duong kinh vong ray ciia banh xe tua tic
tang khoang cdch a song trong mot so truong hop mdy sé rat cong kénh. Vi vay, dé
dam bo dn dinh ma khong cén ting duong kinh vong ray, nguoi ta 1dp thém cac con
lan t1 hodic ngdng truc trung tdm chiu phan lyc am.

(3.77)

Trong trudng hop ngdng truc trung tadm chiu phan lyc am, luc nén lén cac banh xe
tya phia trudc R, va phan lyc am R, tdc dung 1én ngdng truc trung tam dugc xac dinh
theo cong thic (hinh 3.59a):

M g=2M_p (3.78)
a a

R, =

Gia tri R, dung dé tinh chon & bi chén trén ngong truc.
Trong truomg hop céac con lan ti chiu phan Iyc am (hinh 3.59b), luc nén 1én cic banh
xe tya phia trude R4 va lec nén 1én cdc con lan ti R’y duge xéc dinh theo cong thuc:

R”A=M+£;R”B=M_E B (379)
2a 4 2a 4

T biéu thic (3.78) va (3.79) ta thdy trong didu kién lam viéc.nhu nhau, phan luc
am R, khi ngéng truc trung tdm chiu luc thing ding lén hon nhiéu so véi phan lyc am
R’’g do cdc con 1an ti chju. Vi vdy phuong an dung con ldn ti (hinh 3.59b va 3.60) dugc
diang pho bién hon. Banh xe tua va con ldn ti dugc tinh theo ting sut tiép xic.

Momen cin quay do ma st trong vong tya quay kiéu banh tga gdém cédc thanh
phin sau:

- Momen can quay do ma sat trong cdc banh xe tya:

M, = SRo2 (3.80)
2

Trong do:

YR - téng lyc nén lén cic banh xe tya; ¥R = TR, + XRy = P khi tit cd cac banh xe
tra déu chiu luc nén (khong cé phan lyc am); ¥R = XR’, khi ngéng truc trung tam

chiu phan lgc am va ¥R = XR’’, khi cac con lan ti chiu phan luc am;
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W = M—SZE .k - h¢ s6 can chuyén dong cha banh xe tua trén vong ray tron, xic
b

dinh nhv trong co cidu di chuyén;
D - dudng kinh vong ray tron.
- Moémen can quay do ma sat tai 8 d¢ khi ngong tryc trung tam chiu lyc ndm ngang N:

d

M, = N f,. 2 (3.81)

Trong d6:
f, - hé s6 ma sat 6 do quy vé dudng kinh ngéng truc,
d, - dudng kinh ngong truc.
- Mémen cin quay do ma sét tai & chan trong trudng hop ngéng truc trung tam chiu
phan lyc am R,
d> '
M, = R..f,, —= (3.82)
2
Trong do:
f, - hé s6 ma sét 6 chin;
d, - duong kinh trung binh ctia 6 chin.

- Momen can quay do ma sat tai con lin ti khi ching chiju phan lyc am 2R’y :

M, = SR, 0. [;’ (3.83)

Trongdd:
D’ - duwdng kinh vong lan ciia con lan ti, thuong 13y cdccon lan tico D’ = D.
Nhu vay. tong momen cdn quay do ma sdt trong vong tya quay kiéu banh tya dugc
xdc dinh theocdccong thucsau:
+Trudonghgp tat cd cdcbdnh xe tua déu chiu lycnén, khong cé phan lycam (ngudi
tathuongcd gingthiétkétheotruonghop nay):
M, =M, + M,
+ Truong hop ngdng truc trung tdm chiu phan lyc am:
M, =M, + M, + M,
+ Trudng hop cac con lan ti chiu phan Iyc am:
M, =M + M, + M’

b) Vong twa quay kiéu con lan
So v&i kiéu bdnh tya, vong tua quay ki€u con ldn chiu dugc tdi trong 16n hon va nhd
gon hon do ¢6 nhiéu diém twra. Vong tua quay kiéu con lin (hinh 3.62) gdm nhiéu con
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lan 3 dat cach déu nhau lan trén cac vong ray trén 2 (gin v&i phan quay 1) va vong ray
dudi 4 (gidn voi phian khong quay). Cac con lan ¢é thé 1a hinh try, hinh cén, déi khi la
con lan tua hinh cdu. Giita cac con lan tru la cac vong cach 5 d€ gix cho céac con lin
luon cdch déu nhau khi lam viéc. P61 véi con 1an hinh con, do xudt hién thanh phin
luc hudng kinh nén céc con ldn ¢dn ¢6 thanh giling 7 voi ngdng truc trung tam. Cac
con lan hinh try (hinh 3.62b, d) khi chuyén dong trén ray‘tr()n ¢6 hién tugng trugt nén
chéng mon va duge lam tir vat ligu ot chiu mai mon. Céac con lan hinh con (hinh
3.62a, ¢) khi chuyén dong khong ¢6 su trugt song ¢6 luc hudng kinh nén cdu tao phirc
tap va khé ché tao. Vong ray

trén 2 c¢6 thé la cd vong ray

tron hodc cdc cung ray tron

: s34 g S 1E
cach déu nhau. B¢ dinh tam s M % 5\@:3* AHE
‘ ' 7 : % 7 l

gitra phan quay va phan khong Vosrecorecre: gz 7
a 4

quay, nguoi ta lam ngdng truc
trung tdm 6 tuong tu nhu doi

vdi vong tua quay ki€u banh e :HIE; . { E%‘
tra (v6i 6 bi do hai day long S I A IE [ —

T
cau tu lya chiu luc ngang N). ¢ %/

Trong truong hop xuat hién
phéan lgc am (momen 1at M qud
lon), dé dam bao 6n dinh ngudi

ta lam ngdng truc trung tam 2
chiu phén luc thing ding (hinh m

f M

/

3.62a, b) hodc ldp cic con lan 2 |

. e

ti chang lat (hinh 3.62c, d). ;’% , /%Wrﬂrﬁ;
Cac con lan duoc tinh theo LA

tng sudt ti€p xic tuy theo vat

Hinh 3.62: Vong tea quay kiéu con lan

liéu, trang thai tiép xdc, do

cirng bé mat-va luc nén 1én cac
!

con lan. Xét truong hop vong R
tya quay vdi cic con lan hinh &
try va ray trén la ca vong ray & %

tron (hinh 3.63). D€ ¢6 thé xdc HWT—_IAFITN

dinh dugc luc nén lén cic con
lan, ta phidi gii thiét ring: cdc : Q%A
}

vong ray la tuyét doi cung & = —1 T

(khong bi€n dang khi chiu tai
va ludn song song vdi nhau);

T

o

Hinh 3.63: So d6 tinh vong rwa quay kiéu con ldn
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cac con lin ¢ dudng kinh hoan toan nhu nhau (sai s do ché€ tao, ldp rap khong ding
ké va khong 4nh hudng dén trang thai ti€p xic); tai trong phan b& trén cdc.con lin theo
guy luat tuyén tinh.

Luc nén lén céc con lin dudi tic dung cda lyc thdng dimg P tai tam quay (hinh
3.63b):

Trong da:

n - s& con lan trén 1/4 vong ray tron.

Luc nén Ién cac con lin dudi tac dung cia mémen M dugc xac dinh theo biéu thic:
M = 4(q,a; + q-a; + ... + q,a,) (3.84)

Do tai trong 1én cdc con 1idn dudi tic dung cia mémen M dugc xac dinh theo quy

luat tuyén tinh (hinh 3.63c), nén ta cé:

a. a
©@=q 2 G = Q2 G = QD
a4, a, a,

Thay cac gia tri q5, q3, ..., g, theo q; vao (3.84) ta cé:
M = ﬂ[_

4

.(af+a§+ +a;":)

M.,
q = PR 3
4{aj+a; + ... + a})

Nhu vay, tdng lyc nén 1én nhdt va nhd nhdt 1én cac con lan la:

Qmax = 9 + q1,
Ymin = 94 — q1- (3.85)
Biéu thitc (3.85) c6 nghia khi q 2 q,, tirc 12 cic con ldn déu chiu lyc nén. Khi g < q;,
vong tua quay cé thé bi mat 8n dinh do xudt hién phan luc am. D€ dam bio én dinh
cho vong tya quay, ngudi ta 1dp cic con ldn 6 hodc 1dp & chin trén ngong truc trung
tam dé chiu phan lyc am (tvong tu nhu loai banh tya) song ngudi ta thudng c6 gidng
tranh treong hgp nay va tinh toan sao cho q = q;. Trong trudng hop tdi trong ldm, vong
tra quay kiéu con lin khé dam bdo kha nang chiu lyc thi ¢6 thé dung vong twa quay
kiéu & bi.
Trong truomg hop tat ci cidc con lin déu chiu lyc nén (q > q;), mdmen cin quay do
ma sat trong vong tya quay kiéu con ldn duge xic dinh theo cong thic:

M,, = P.m’.-[;- + N, .-2—‘ ; (3.86)
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Trong d6:

W = %)E Kk - h¢ s0 can chuyén dong cia con lin trén vong ray, xac dinh nbu trong
]
co cdu di chuyén;

P, N, D, f,, d, - cic thong s6 xac dinh tuong tu nhur loai banh tya theo cic cong thire
(3.80) va (3.81).

Trong truong hop ngdng truc trung tdm holdc con lan ti chiu phan lyc am (q < q;),
phuong phiap xac dinh lyc nén 1én cdc con ldn va phian luc am dwgc gidi thidu trong
cac tai lieu chuyén nginh v& may nang vi momen can quay do ma sat tai & chin khi
ngong truc chiu phdn lyc am M; hodc médmen cin quay do ma sit tai con lan ti M’
duoc xac dinh theo (3.82) va (3.83).

c) Vong twa quay kiéu 6 bi

So vai vong tya quay kiéu banh tua va con lin, vong tua quay kiéu 8 bi ¢6 vu diém
1a: c6 két cdu kin nén diéu kién lam viéc t6t hon; luc cin quay nhd; tudi tho cao; lam
viéc ém, khong gay luc va dap; k€t cdu nhd gon song ¢é kha nang chiu dugc tai trong
lén; chju dugec momen, luc thing ding va luc ngang ma khong cin ngong truc trung
tam, phia trong réng nén tién cho viéc bo tri trén may.

Nhugc diém co bian cia vong tua quay kiéu 6 bi la ché tao kho, doi hdi do chinh
Xdc cao, gia thanh cao. Cang vdi su phat trién cda khoa hoc ki thuat, ngay nay vong
tya quay kiéu 6 bi da duwgc tiéu chuan hoa va ché tao hang loat véi duong kinh dén
3,2m, trudrng hgp dic biét ¢6 thé dén

10m, cho phép nang cao chit lugng. / ’
giam gia thanh, tang kha nang lip
lin va tién lgi trong tinh todn, su !
dung, stra chira. Vi vay ma vong tua [ >\, N RN
quay kiéu & bi dugc st dyng rdt phd \ - /4// ,,jr, |2
bign va la loai TBTQ chd yéu hign NN =
nay trén cac loai may xay dung. ‘ ' Q\ "5*%{/-4
Theo cdu tao, vong tua quay kiéu ' I \\ NN | 5/5
8 bi co cdc loai sau: N %\ &t H
, | NN
- Cé mot dén ba day bi ciu, st iy | ]
dung phd bi€n nhat la loai hai day ' 7

. : C
(hinh 3.64). !
- C6 hai d€n ba day bi hinh tru : L4,

(binh 3.652a). Hinh 3.64: Vong tia quay kiéu & bi cdu hai day:
1. Mat rea trén; 2. Day bi do; 3. Vong da;
- C6 bi hinh tru x&p chéo chir thap 4, Vong cé dinh (co vanh rdng); 5. Day bi gii;
(hinh 3.65b). Loai nay dugc dung 6. Vong gite; 7. Mdr tiea dudi (bé do).
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phd bién & Nga, Anh, Phap. Trong mot ddy bi, ngudi ta 1dn luot x€p chéo xen ké& cac
vién bi tru v4i géc tiép xic thay ddi tir 45° sang 135°, hoat dong cda nd tuong duong
vdi hai day bi.

Vit lieu lam bi 1a thép hop kim chiu mai mén cao nhu thép crdom. Vong ray dugc
ché tao tir thép diic va dugc 1am ciing bé mit. Ciac mi€ng chin bing chat déo ¢ tic
dung gitt cho bi phan bd déu trén
vong lan. Vong d¢ 3 va vong gitr 6 //
cla vong tua quay kidu & bi dugce

L /

lien ké&t voi nhau va lién k&t voi mat
tya trén | cda phin quay bing

buléng (hinh 3.64). C6 thé didu
chinh khe h& (d6 ro) bing cic tdm
dém gira vong do 3 va vong gia 6.
Vong ¢ dinh 4 ¢6 vanh riang an
khdp trong hodc dn khép ngoai lién &

TSI I NNNNNNNNN

8 U —

\\w\i
S—

két vdi bé d¢ 7 cua phan khéng quay i M 7 7 /[‘44 £z 2o
bing bulong. Bé d6 phai phing, 7 ss |
ddng tam va c6 do cung hep li, ddm | . §\> { I[
bao ap luc phan bo déu trén vong tua ‘ /ﬁ& { |
quay. D€ ch6ng nudc va bui bén, » TN T s s T AT

dudmng lan duoc che kin (hinh 3'6\53) Hinh 3.65: Vong twa quay kiéu & bi tru
va boi tron cho vong tua quay bang ) g; tru ba day; b) Bi tru 1 day xép chéo chi thdp.
bom mg.

Vong tya quay kiéu & bi ¢6 dién tich mit ct ngang tuong d8i nhd, do d6 do cing
rit thap. Khi chiu tai, quy luat phan b tai len cdc vién bi rat phic tap va khong thé
tinh todn chinh xac dugc. Vi vay khi tinh todn vong tya quay kiéu 3 bi ngudi ta cing
phai gia thi€t va tinh todn tuong tu nhu d6i véi vong tua quay kiéu con lin,

Vong tya quay kiéu § bi dd dugc tieu chuin héa va ch€ tao hang loat. Vi vay, khi
tinh chon vong tya quay kiéu & bi cdn cin ¢t viao hudng din va cic thong s6 ki thuat
do nha ché tao cung c4p. Cé thé chon

vong tya quay ki€u & bi tiéu chuidn M
theo tai trong thing ding P va '_‘;
momen 1on nhdt M (hinh 3.66). Dic d Y
tinh ki thuat ca vong tra quay kiéu N
8 bi do CHLB Nga ché tao cho & ~, 4 \§
biang 3.7. Cac phép tinh todn kiém % | N
tra ddi v&i mot vong tira quay kiéu 8 NS © A
bi chiu tic dung cia cédc tai trong /Ry T 2 5 !
|

tvong duong (lyc ngang N, mdmen
M, luc ding tai tdm quay P - hinh

3.66) c6 thé duoc ti€n hanh nhu sau: Hinh 3.66: So 46 tinh vong

twa quay kiéu 6 bi cdu hai day
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Luc nén 16n nhdt tdc dung 1én mdt vién bi:

- Vong tya quay kiéu 8 bi cdu hai day:

4,5M P + 2,5N |

R = + ; 3
D.ncosp  n.cosp n.sinf

- Vong tya quay kiéu 8 bi try mot day bd tri chéo chir thap:

8M 2P _ SN

R= :
D.ncosp  ncosp  nsinf

Trong dé:

B - géc gitra phuong cha phan luc 1én bi va phuong dung (truc quay), B = 45° + 50°%;

n - s& vién bi trong mot day;

D - dudng kinh vong lan cla vién bi.

Ung suit ti&p xiic Ion nhat gica vién bi va duéng lan dugc xédc dinh theo trang thai
ti€p xuc. DBi vai loai bi ciu ta cd:

3 2
Omer = 0388 || B2 < (01,

Trong do:
[c}ix - Ung sult ti€p xuc cho phép 1y tuy thudc vao vat lidu va d6 cing bé mait,
E - modun dan héi, E = 2,1.10* kN/cm?;

P1-P2
PL=P2

p - ban kinh trong duong, p =

p; - ban kinh vién bi;
p» - ban kinh cong clia mit lan, p, = (0,51 + 0,62)d, vdi d 1a dudng kinh bi.
Momen cdn quay do ma st trong vong tua quay kiéu 8 bi ciu hai day duoc xac dinh

theo cong thirc:

M, = 2R, +R,) . &’.2
2

M, = %*-.D.(R, + R) (3.87)
Trong do:
_R : P M
R1.2—"C”(")£; Ri;=RytRy=7 %7

U - he s6 ma sat lan cda vién bi.

148



Bang 3.7. Dic tinh ki thuat cia vong tua quay kiéu 4 bi
(theo so lieu cia BHAUIITMALLL)

Tai trong thing Momen Puéng kinh Pudng kinh S luong
ding P, kKN M, ... kN.m vong lan D, mm bi d, inso bi, n
23
60 72,5 915 - 262
32
25
120 108 1100 — 302
32
200 274 1295 1 278
320 583 1460 [ % 264
13
450 1152 1725 11— 262
32
800 2130 2065 1 % 252

§3.6. BANH XE VA RAY

3.6.1. Cau tao chung cita bdnh xe, cum banh xe va ray

Binh xe di chuyén trén ray dugc st dung rong rai trong hdu hét cac loai may xay
dung. Ty theo loai may va tai trong ma s& luong banh xe trén mdi goi tya ¢6 thé 1a
1, 2, 3 hodc 4 banh. Thong thudng s lugng banh xe trén mdi gdi tua khong Idn hon 4
banh vi n€u nhiéu banh xe két ciu s& phic tap va khé phan b6 tai cho ciac banh xe.
Truérng hop ding 2, 3, 4 banh xe trén mot goi tya, ngudi ta lip cac banh xe ndi ti€p
nhau trén cung mot ray va dé dam bao phan bo déu tai cho cac banh xe va ¢6 so db
tinh dinh, ngui ta ding ciu can bing (hinh 3.67).

Banh xe dugc ché tao tir thép diic 40, 55 hodc trong mot s6 trudng hgp c6 thé dung
thép rén, thép cdn. Banh xe dic bing gang x4m chi dugc dung trong cac may din dong
bing tay. B& mit lan cda banh xe phai dwoc gia cong co khi voi 4o chinh xac cao va
nhiét luyén d&n 36 cing HB 300 - 400 song dd cing mit lan cGa banh xe phai nhé hon

o o s

Hinh 3.67: So d6 ldp dat cdc bdnh xe trén méi goi tua bdng cdu cén bdng
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do cung bé mit lam viée cla ray. D6i vdi banh xe cé dudng kinh ion, dé€ ti€t kiem vat
lieu t6t, banh xe c6 thé 1am tir hai phin: phan 161 1am tir thép it cacbon, phin v ngoai
lam tir thép t0t va ldp véi phén 161 bing moi ghép c6 do doi, ldp & nhiét do cao.

Theo cong dung, cé cac banh xe chi dong va bj dong. Banh xe chid dong (hinh 3.68a)
nhan chuyén dong tir co cdu di chuyén va nhe lyc bam gitra bé mit lin clia banh xe va
ray ma may hodc xe con di chuyén dugce trén ray. SO banh xe chli déng c6 thé 1a 100%,
50% hodc 25% téng s binh xe clta may. SO banh xe chi dong cang 1dn thi lwc bam
cang lon va do trugt cla banh xe trén ray khi chuyén dong cang nhd. Binh xe bi dong
(hinh 3.68b) 1A nhitng banh xe tua, cdé thé quay tu do quanh truc cia né.

@
Hinh 3.68: Cum bdnh xe chu dong va bi dong

Ty theo loai may, cong dung va dic diém 1am viéc ma banh di chuyén trén ray c6
mdt lan hinh try (hinh 3.69a, b, d), hinh cén (hinh 3.69¢, e) ¢c6 modt thanh bén (hinh
3.69b, c¢), hai thanh bén (hinh 3.69d, ¢) hoic khong cé thanh bén (hinh 3.69a). Ngoai
cac loai trén, trong may xay dung con sir dung loai binh xe ¢6 mat lin cong hinh

tang tréng.
@) &) c) a} 2

Hinh 3.69: Cdc logi banh xe di chuyén trén ray

Dé dam béo cho banh xe di chuyén binh thuong trén ray khi ¢6 do sai lech nhit dinh
cla duong ray va két cdu thép clda may (sai s6 ché tao va ldp dit), chi€u rong bé miit
lam viéc ctiia banh xe ¢6 hai thanh bén phai 1on hon chiéu rong cila dudng ray 30 mm
ddi voi banh xe hinh try; 40 mm d6i véi banh xe hinh cén va 15 + 20 mm d6i véi banh
xe di chuyén xe con. Banh xe hinh con véi mot thanh bén c¢6 chiéu rong mit lin 16n
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hon chiéu rong ciia ray it nhiat 30 mm. Banh xe di chuyén khéng c¢6 thanh bén thudng
c6 mat lan hinh tru va phai duoc sit dung vdi con lin d& bén ray ldp trén truc thing
ding & mot hodc ca hai phia cia ray (truong hop ding nhiéu banh xe trén mot g&i tura
véi cdu can bang thi phai ¢6 con lan & ci hai bén ray). Trén hinh 3.70 1a so d6 1dp dat
binh xe hinh try khdng cé thanh bén véi con lin & ca hai phia va so dd két cdu con
lan. Trueong hop ding con lin & mot phia thi hai bén ray déu phai dit con lin phia bén
trong. Khe hé gitra mat bén ray va con lian khodng 20 mm. Banh xe di chuyén khong
c6 thanh bén vé§i con 1an do bén ray ngay cang dugce sit dung rong rai do t8n thit ma
sat nhd, it mon, tudi tho cao va giam tai trong dong tac dung lén két cdu thép clia may.

Hinh 3.70: Cum bdnh xe khdng c6 thanh bén voi con ldn d& & cd hai bén ray.

Cic loai banh xe mot thanh bén c¢6 mit lin hinh con (hinh 3.71a) va mit lin cong
hinh tang tréng (hinh 3.71b) thirong ding cho xe con chay trén ray treo cha 1. Mat lan
hinh ¢6n khi lam viéc cé su trugt gitta bé mit banh xe va bé mit ti€p xuc cia ray treo
vi day la ti€p xic dudng ma van tdc dai cia cac diém trén dudng ti€p xiic khac nhau.
Do d6 loai banh xe hinh con trén ray treo
chéng mon (k& ca bé mit 1am viéc cla ray).
Banh xe c6é mit lin cong hinh tang trdng khi
lam viéc c6 ti€p xic diém nén khong bij
trugt, it mon song ung sudt tiép xuc lén hon.

Banh xe dugc dit trén truc theo hai
trudng hop

R AT AR AN

7

ul

7
W

2 p U

I

- Dit trén tryc tam: ¢ ndm ngay trong
long banh xe, truc khong quay. Truong hop
nay c6 k&t cdu gon nhung ldp rap, didu
chinh, bado dudng va sira chtta khé. Phuong Hinh 3.71: Bdnh xe cia xe
an nay chi dung cho binh xe bi ddng va con chay trén ray treo
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thuomg diung véi 8 trugt. Trong may xay dung, phuong 4n nay chi dugc diung han hou
trong cdc may co tai trong nhd va thuong chi ding cho banh xe chay trén ray treo
(hinh 3.71).

- Dt trén truc tam quay hoic truc truyén tir co cdu di chuyén: truc duoc 1dp véi banh
xe bdng then, § nim bén ngoai va thuémg dung & bi. Loai nay tuy két cdu céng kénh
hon song dé ki€m tra, lip dat, bio dudng va sira chira nén duoc dung rdt phé bién, dac
biét la cac banh xe dat trén truc tam quay (loai dat trirc ti€p trén truc truyén khé ldp
dat, sia chira hon). Trén hinh 3.68 la két cau cum banh xe chi dong va bi dong dit
trén truc tam quay vdi cac 0 bi dia 10ng ciu hai day chiu dugc tai trong lon va ¢é kha
ning tv lua.

Trong may xay dyng sit dung nhiéu loai ray khac nhau. Ray cho mdy va xe con ¢6
thé dung: ray dudng sit, ray chuyén dung, thép can hinh vudng hoic hinh chir nhat ¢6
bé mat lam viéc dugc nhiét luyén. Mot so truong hop dung ray treo la céac thanh thép
can hinh chir I. Ray dwong sit va ray chuyén ding dugc ché tao tir thép ot cé bé mat
lam viéc la mit cong. Ray chuyén ding cho cdn truc b& day 16n va mat tya 18n nén
rong cho nén né 8n dinh hon va truyén dp lyc déu xutng nén hoic dim d¢ cta can tryc.

Viéc chon loai ray cho phi hgp phu thudc vao ch€ d¢ lam viéc ciia may, loai binh
xe di chuyén va gia tri ap lyc ciia banh xe lén ray. Cac bénh xe hinh con thudong dugc
diung v&i ray ¢6 bé mat lam vi¢c la mit cong. Banh xe hinh tru thuong diing véi ray
duong sit hodc ray chuyén diung cho can tryc. Ray hinh vudng hoidc hinh chi nhat
thuong dﬁflg cho mady ca tai trong nhd va khi khong c6 céc loat ray chuyén dung. Cac
loai cén truc duong sit, céng truc, can truc cang thuong di chuyén trén ray duong sit.
Trén hinh 3.72, gidi thiéu mot s6 cdch cd dinh dudng ray 1én két cdu thép cia miy cho
cac loai ray khac nhau.

Cac kich thudc, tai trong cho phép cha banh xe va ray da dugc tiéu chudn héa.

i
;
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Hink 3.72: C6 dinh ray trén két cdu thép
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3.6.2. Tinh todn bdanh xe va ray

Trong tinh toan, tdy theo loai may, ché 4o lam viéc va tai trong tinh todn ma ngudi
ta chon trude loai ray va banh xe, cédc kich thudc cia ching (chon theo kinh nghiém,
theo bang tiéu chudn), sau d6 kiém tra bé mit ti€p xic gitta banh xe va ray theo ing
sudt dap. C6 hai nhom phdi hop hinh dang banh xe va ray: ti€p xic dudng ban ddu va
ti€p xic diém ban diu.

Tai trong tinh todn 1&n banh xe dugc xac dinh theo cong thuc:

P= Y-kbx-Pmax (388)

Trong dé:

P, - tai trong 16n nhdt co thé xudt hign ddi véi banh xe, xac dinh cho trudng hop
bdt lgi nhat ddi véi banh xe (cach x4c dinh tai trong lén nhit 18n g6i tya cda ting loai
may cu thé giéi thieu & cac tai lieu chuyén nganh);

kyx - hé s tinh d&€n ch& d9 1am viéc cla co ciu, cho & bang 3.8;

y - he s& tinh d&n sy thay ddi cla tai trong trong qué trinh 1am viéc, xdc dinh theo
coéng thirc:

L i
y= Hielo (3.89)

(1+§:)

Véi Q va G, 1a trong lugng vat nang va trong lugng may k€ ca trong lugng thiét
bi mang.

Tri $0 y d8i v&i ciu truc cho & bang 3.9.

Bang 3.8. Tri sb k,,

Ché do 1am vigc kyy
Din dong bing tay 1,0
Dan dong bing may:
- Ch& do nhe 1,1
- Ch& d¢ trung binh 1,2
- Ch€ d0 ning 14
- Ch& d6 rdt ning, rdt ning lién tuc 1,6

Bang 3.9. Tri s6 y d6i voi cdu truc

Q/G,

0,05

0.3

0,4

0,5

0,98

0,90

0,88

0,86

0,80
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Hinh 3.73 gidi thigu cac phuong an phdi hop hinh dang banh xe va ray. Cac phuong
an dugc ki€ém tra theo wng sudt dap nhu sau:

- Ti€p xiic duong (hinh 3.73a): banh xe kep chit trén truc va khong thé quay tuong
d6i d6i véi mit phdng vudng géc voi truc (vi dy: banh xe cdn truc va xe con cda né).

1/ P.E
oy =0418 bR < [ol4 (3.90)
Trong d6:

b, R - chiéu rong mat ray va ban kinh banh xe;

E - mddun dan hdi twvong duong:

. _ 2B,

Trong d6: v6i E;, E, - mddun dan héi vat liéu banh xe va ray.
Poi vai banh xe bing thép (E = 2,1.10° N/mm?) ta c6:

64 = 190 \/ '5%5 [6]4 (3.91)

vd1 cac thit nguyén: P:N; b vaR: mm; [6]4: N/mm’.

E

- Ti€p xuc dudng (hinh 3.73b): banh xe quay tu do trén truc va ¢é thé quay mot géc
nhé tuong d6i d6i voi mit phdng vudng géc vdi truc (vi du: banh xe paling dién, banh
xe trong xe d& xich tai treo...}

64 = 0,342 ' < [o]4 (3.92)

Trong d6:

f - h¢ s6 ma sat cha banh xe trugt ngang trén ray (d8i v&i thép hodc gang trén thép
f=0,1).

1 —+ :—:It_‘l
L%
VCd .
g &/

Hinh 3.73; Cdc phuong dn phdi hop hinh dang bdnh xe va ray
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D6i véi banh xe bing thép:

bR(05-f. R
( =)
- Ti€p xuc diém (hinh 3.73c, d, e, f):
3 I3
Gy = M. _P;E < [oly (3.94)
‘p;rlax

Trong dé:

Pmax - ban kinh tueong duong 16n nhat, truong hop & hinh 3.73c¢, d, e, 18y gi4 tri 1én
hon trong hai ban kinh clia cdc mit ti€p xuic R va r;

m - he s0 phu thudc vio ti s§ gitta ban kinh tuong dwong nhd trén ban kinh tuong

duong 16n (Pmin — R hoic ier tuy theo R lén hon hay nhé hon r); tri s6 m cho trong
plTlﬂ.X r
bang 3.10.

P01 véi banh xe bing thép:
3

o4 = 3600.m ——2P— < [0y (3.95)

max

Bang 3.10. Gia tri hé s6 m

pmin

Do 005101 015 02 | 03 04 |05 0,6 | 0,7 08 | 09 1,0

m 1,28 1 0,97 | 0,80 {0,716 0,6 |0,536( 0,49 |0,468 0,44 { 0,42 | 0,40 0,388

Céc chi tiét clia cym banh xe, tiy theo két ciu, tinh chét chiu lyc ma dugce tinh toan
theo cic phép tinh nhu trong “"Siic bén vit ligu” va "Chi ti€t may".
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Chuong 4
CAC CO CAU THUONG GAP TREN MAY XAY DUNG

§4.1. CO CAU NANG

4.1.1, Céu tao

Trong mdy xay dung, co cdu nang ding d€ nang ha vat ning theo phuong thing
duing, ciing c6 thé theo phuong nghiéng. Tai trong chi y&€u tac dung lén co cdu la trong
lyc va lyc quan tinh cia vat nang. Co cdu nang c6 thé 13 mot bd phan cla may hodc
12 mot mdy lam viéc doc 1ap. Theo cich truyén lyc 1&n phin chuyén d6ng phan ra:

- Co ciu nang 1a tdi cap hodc tdi xich védi tang cudn, dia xich hoic puli ma sat;
- Co c8u ning vdi truyén dong thanh ring, truyén dong vit;
- Co cdu nang ha nhd xilanh thdy luc;

Co cau nang quan trong va dugc
ding phd bi&n 1a co cdu nang v§i toi
cap. Cdu tao chung cha co ciu nang
loai nay bao gfm tdi, cap véi puli
d6i hudng, paling cap cing thi&t bi
mang véat (hinh 4.1)

So 36 mic cap ciia truyén dong
cap co cdu nang dugc bd tri theo hai
cach (hinh 4.2). Khi chi c6 mot diu Hinh 4.1: So d6 cdu tao chung
cip cua Ion tang A VAL nang e |, 0O STE O
treo tryc ti€p duﬁi tang, khong c6 4. Cép; 5. Tang; 6. By truyén bdnh rang
puli d6i hudng, thi trong qua trinh (hop giam 16c); 7. Dong co dign; 8. Phanh.
nang ha vat, sé xudt hién chuyén :
ddng ngang cla thi€t bi mang va vt 4@ gﬂHl i i
ning doc theo truc tang. D& khic M B
phuc hién twgng nay, & co ciu nang |
cé vat nang dugc treo tryc ti€p dudi |
tang, ngudi ta dang so d8 mic cap
kiéu palidng kép c6 hai ddu cap cudn
len tang nhue & hinh 4.2a. Khi tinh e/
toan cdn chii y ddm bio géc léch cda Hinh 4.2: So dé mdc cdp co cdu nang

cap khi cudn lén tang hoic vong qua a) Var ndng treo truc tiép dudi tang;
puli & vi tri bat lgi nhat khong dugc b) Var nang treo théng qua puli d6i hudng cdp.

=

%.
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vugt qua gia tri cho phép. Néu ranh cdp khong dam bio dugc vigc rai cap trén tang thi
cén bo tri co cdu rai cap.

T&i cdp ¢6 cdc bd phan chinh nhu: ddng co, hop gidm tdc, tang cudn cap, phanh co
khi, khép n6i ¢6 banh phanh ndi truyén dong gita dong co va hop gidm tdc. Toi cép
thuong dugc ga ldp trén khung bé dé€ tién ldp rap trén may hoac dit trén nén.

To&i cap ¢6 nhidu dang khdc nhau, t&i mot tang hay nhiéu tang, to1 ddn ddng tir mot
hay nhiéu ddng co, t&i mét hay nhiéu tdc d9, toi ¢é cdng dung chung hay tdi chuyén
ding cho gdu ngoam hai day v.v...

D& ¢6 kich thude gon, & tdi mot tang thudng bd tri ddng co va tang nidm cing mot
phia clia hgp giam tdc (hinh 4.3a). Khi chidu dai c4p cudn lén tang qua I6n, c6 thé bo
tri hai tang & hai phia cia hop giam tdc (hinh 4.3b). C6 thé bd tri hai dong co va hai
phanh dé gidm kich thudc, hodc ting d6 tin ciy khi 12m viéc. Ty theo muc dich ma
m&i dong co hodc phanh c6 thé chiu mot nia ho#ic toan bo tai trong (hinh 4.3b).

& co cdu nang c6 két cdu kidu khdi (hinh 4.3¢), dong co va cac bo truyén dong dugc
bo tri gon trong long clia tang cudn cap. Uu diém cia loai nay la trong lugng va kich
thude nhd. Nho ch€ tao hang loat nén gia thanh ché tao khong cao. &3 céc két cdu kiéu
cd, dong co thuong duge dat trong tang. Ngay nay né dugc bo tri & bén ngoai, do viy
cai thién dugc didu kién thoét nhiét, ting dugc kha nang chiu nhiét cia dong co.

n

3\&3 d ! e |£|
S B % 'I] [[ | -l Jl”w [ w ‘ || 1
———— LT 5 U—

—
——]

5

e
il I
R

ﬁ Hinh 4.3: Cdu tao chung toi cdp
1) a) Kiéu mot tang; b) Kiéu hai rang;
c) Kiéu khoi
1. Bong co; 2. Khop néi; 3. Phanh;
4. Hop gidm t6c; 5 Tang cubn cap;
6. G&i d& truc tang.

¢

Trong thyc t&€ khi nang ha vat, nhiéu truong hop doi héi phai didu chinh vat nang
vao vi tri mdt cach chinh xac, do vy phai st dung co cfu ning c¢d hai tdc dd. Ngoai

1 dén L t8c d0 nang danh nghia.

tdc dd nang danh nghia, con ¢6 tdc 6 nhd hon tir p 70
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O mot s& co cdu nang khac, tuy theo muc tai, ngudi ta cting s& dung nhiéu cip tdc do
khdc nhau trén mot co cdu dé ti€t kiém ning lugng ciing nhu ting ning sudt lam viéc.
Thay ddi téc dd bing phuong phéap diéu khién dong co dién da dugc trinh bay & §2.2.
Hinh 4.4 néu céc phuong an thay d6éi toc 4o bing co khi thudng gip.

K&t cdu vai khop li hop sang s& kidu co khi (hinh 4.4a) chi cho phép déng md dé
thay ddi td¢c do khi co cdu khong mang tai va & trang thai ding yén. N6 pha hgp cho
cac toi 1dp rap don gidn. Hop gidm tdc (hinh 4.4b) ngwoc lai ¢6 kha ndng thay ddi ba
cdp toc do & trang thai c6 tai nhé 1i hop dia ma sat kiu dién tir. Phanh co khi phai
dugc ndi vdi tang cudn cdp bing dang lién k&t cing ddm bdo an toan, vi vay banh
phanh dugc b tri & truc gitra cia hop giam tdc.

Né&u nhu trén ddu ra clia truc thir nhdt hop gidm tdc ciia mot co cdu nang binh thudng
b8 tri mot li hgp d€ ndi véi mot co cdu din dong phu cé6 mot ddng co thit hai nhd hon
(hinh 4.4¢), thi ¢6 thé tao ra hai t8c dd khdc nhau bing cich cho hai dong ¢o nay lam

viec doc 1ap véi nhau.
) D B

=]
[

— ]

5 et ]

Hinh 4.4: Co cdu ndng nhiéu téc dg;
a) Vai li hop co khi; b) Vi li hop kiéu dign ;
¢) Vdi dong co va hop giam 16c phu; d) Voi hai dong co va hop giam tdc hanh rinh.

Mot dang k&t cdu hay dung nhit cda co cdu nang nhidu tdc do 12 b tri hai dong co
thong qua hop gidm tdc hanh tinh truyén chuyén dong dén tang cudn cap (hinh 4.4d).
Néu cho tirng dong co lam viéc rieng 1& hodc ddng thoi, cang hodc ngugc chiéu nhau,
s& cho ta 4 cdp t6¢ do. Trong tdi cap, do ¢ bién dang 1dn khi chiu tai cing nhw vigc
1dp rap khong thé chinh xdc mot cach tuyét ddi, nén cdc khop noi lién két gitra cac bo
phan chinh cda t¢i phai cé kha ning léch truc mot géc nhdt dinh. Phin 16n cdc tdi cap
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c6 tang dugc bé tri mot diu tya trén truc ra hop gidm tdc nhd khép ndéi chuyén dang,
con mot ddu tua trén g&i d¢ gdn trén khung bé. Hinh 4.5 mo ta két cdu mot so kiéu ndi
gitra tang va truc ra hop gidm t6c. Voi cich ndi nhu vay ddm bao tryc tang lam viéc
theo so d6 tinh dinh, dé& thio lip va khong co yéu cdu cao vé do chinh x4c khi ché tao
va lp rap.

2 b

Hinh 4.5: Khop néi gita tang va truc ra hop giam téc
a) Khép noi kidu chot: 1. Mdat ddu tang; 2. Khop noi;
3. Vo tang; 4. Truc ra hop giam téc; b) Khop ndi vdng.

Tuy theo cdch noi tai vi tri gitta tang va truc ra hop giam toc ma sé co cac lyc tac
dong khac nhau lén 6 d6. Do cédp cudn chéo trén tang, nén sé& ndy sinh lyc ngang F, tac
dong Ién tang va tir d6 1&n cac 8 do. Khi tinh todn cin b& tri § d¢ cho phit hop vdi dac
tinh chiu tdi cda né. Mit khac cdn kiém tra kha ning chiu (& cla & do hop gidm toc
do lic hudng kinh truyén qua khép néi (hinh 4.6).

~ = r l_j 7
L 1) i I L
Ul W J= = s m el IS
L — L — . (|
Fhl 4—/-:0-?’ F"" lF "'"‘"{h - ;;“-.-
F o F
F’ FJ FCI FDVT Tﬁ' T% T@"’ v TFs TFD
g 9 o "

Hinh 4.6: Luc tdc dong lén goi do tang va hop giam 1dc
a) Khép ndi chi truyén mémen xodn; b) Khop noéi truyén mémen xodn va luc hudng kinh;
c) Khép ndi truyén mémen xodn, luc hwéng kinh va lic doc truc.
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4.1.2. Tinh todn co c8u ning

a) Mémen qudn tinh quy ddn trong co cdu

Mot co cdu hoat ddng cing véi két cdu kim loai clia may ¢6 thé coi nhu mot he gdm
nhiéu kh&i lugng dugce lién két voi nhau bdi cdc khau dan héi. Vi du c6 thé xem vat
ning, xe lin, roto ddng co dién, banh xe v.v... 12 cac khoi lugng tap trung con cac lién
k&t dan hdi 12 truc, day cédp, cdc thanh didm v.v... Trong trudng hop nay s& xudt hign
cac dao dong dan hdi twong doi gitta ca¢ khoi lugng v6i nhau, khi nay sé xudt hién céc
tdi trong dong va ngudi ta goi né 1a céc tai trong dong dan héi. Dic tinh dao dong va
duong bidu din su thay ddi gitta céc tdi trong dan hdi theo thoi gian chiu anh hudng
rit lon cia ngoai tai cling nhur cach thic didu khién dong co din dong co cdu.

Tfong tinh todn cic co cidu may, dé don gidn, hién nay nguwdi ta st dung so dé tinh
don gidn nhat 1a so d6 mot khoi lugng chiu tic ddng cla tai trong bén ngoai. Trong so
dd khong tinh d€n céc chuyén vi dan hbi
tuong d6i gitta cac bo phan véi nhau. Vi so
d6 nay cho phép xdc dinh dugc quy luit
chuyén dong cia tam khdi lugng cda co ciu.
Tai trong ddng dugc xac dinh khong tinh dén
dd dan héi clia cac bd phin co ciu duge goi
la tai trong dong quan tinh. Khi khio sat so
d6 mot khoi luong, cac khdi lugng tham gia
chuyén dong tinh ti€n va cac khai lugng tham
gia chuyén dong quay trong co cau dugc thay
th€ bing mot khéi luong quy ddn theo
nguyén tdc 1a: ddong ning clia co cau va dong
ning clGa hé quy din, c6 tinh d&€n tén thit do
luc ma sat théng qua dai lugng hidu suit, M,

s ==|% 7z
trong duong bang nhau.
Gi4 sl can xic dinh moémen quan tinh quy &)
ddn vé truc déng co trong qua trinh mé may Hinh 4.7: So 46 co cdu nang

a) Cdc kh6i heong phan b trén cdce truc,

co ciu nang (hinh 4.7), phuong trinh co ban ’ !
b} Quy ddn cdc khéi liegng vé truc dong co.

can bing ning lugng sé Ia:

E

g4

E;+
1 u

E
1

mu

2

U oK
MM E

i
T phuong trinh trén ¢6 médmen quan tinh quy din quy vé truc quay nhanh 1 (truc
dong co)

b=1 +§231-(%)2 o +§| mu.(}.(—“)z.nﬂ ;
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(‘pi -1

vGi g "= e
i-1 u~-1
i =-H1 Mjets Maa = TL 1 5000 4.1)
J= =1
Trong dé:

. },, J; - mémen quan tinh cla cic ti€t may quay trén truc 1 hodic tryc i;
@, ¢, - toc 40 goc cda truc 1 hoic truc i;
ij j+1 -t 80 truyén gitra tryc j va truc j + I;
k - tdng s& truc trong hé thong;
m, - khoi lugng chuyén dong tinh ti€n thi u;
%, - t8c 4o chuyén dong cha khéi luong u;
w - téng s& cac khoi lugng chuyén dong tinh ti€n trong he thdng.
Dau cia ma higu sudt s& 1a duong khi M,.¢, <0, am khi M,.,>0.
Momen quan tinh quy din co cdu nang quy vé truc 1 trén hinh 4.7 s& 1a:
Khi m& may nang vat

dz
J0=Jq,+mf — ;

Trong d46: Jgp = i +1h 1 + 1 1 ;
i?v-mz ;. lzx Mz M2

-)

Phanh khi ha vat:

}D "}q|+m T'% '
Iy
voi T = e gy 2 g Muaths (4.2)
1!2 11,2 12%
Trong dé:

ig, T, - U sO truyén va hig¢u suat truyén dong hop gidm toc;
dr, M1 - duong kinh va hiéu sudt tang;

a, Np - boi sudt paling cdp va hiéu suit cda no;

T dqu
th&t ki mé mdy hodc phanh.

- momen quan tinh quy dan cic khdi lugng quay cda he thong quy vé truc 1,
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Trong J, tinh cA mdémen quan tinh clia réto dong co dién. Ngoai ra dé giam bot khéi
lugng tinh todn, thuong khi tinh méomen quan tinh quy diin cac khdi lugng quay ngudi
ta chi tinh J; réi nhan vdéi he s& o = 1,1 + 1,3 dé tinh d&n qudn tinh cdc kh&i lugng
quay dit sau truc 1. Gia tri o ting khi ti s6 truyén chung giam.

Jg =Ty~ .a. (4.3)

Trong cac s6 tay va katald, nhiéu khi ngudi ta khong cho gia tri mdmen quén tinh
J ma cho gia tri momen da (mdmen vo ting) clia cac tiét may quay. ki higu 1a GD?, Nm".
Quan hé gitta hai dai lugng nay la:

GD’
: 4.4
4g * ( )

] =

Trong dé:

G - trong lugng chi tiét quay, N;

D - duong kinh quan tinh cia chi ti€t quay, m;

g - gia toc trong truong, m/s”.

Pé& thuan tién tinh toan, ta ¢é thé dung dai lugng moémen da quy din vé truc 1 suy
ra tie quan hé¢ (4.1), (4.3) va (4.4):

2
GD? = o 2(GDY), + g‘d“"
151
GD? = o 5 (GDY, + 2917 . (4.5)

i;
Trong dé: Z(GDZ), - tdng mémen da cac khdi lugng quay trén truc 1 (roto 'déng co,
khdp noi, banh phanh, banh ring v.v...)

Trong phép tinh dong luc hoc dé€ xac dinh luc tac dung trong day cap co cdu nang,
cac khoi luong chuyén dong dugc quy din vé vat nang theo chiéu chuyén déng tinh
ti€n cda vat nang. Tir phuong trinh can bing niang lugng cé thé nhan duoc nhing biéu
thirc tinh khoi luong quy din vé vat nang tuong Gng trong cic qui trinh mé may va
qua trinh phanh nhu sau:

b) Tinh todn co cdu ndng

Cac thong so ki thuat dic trung cho co ciu nang la sic nang Q (t hoac kN) va tée
do nang v,(m/s). Ttr hai thong s6 nay cé thé xac dinh dugc bdi suat paliang a, lyc cing
cap lon nhdt & nhanh cudn [én tang St va t8c do cudn cap v, = v,.a, dudng kinh cap d,
va dudng kinh tang dy (xem § 3.1).
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Téc 4o quay cdn thi&t cda tang:
V,.a
Ny = Tt d) ; (v/ph)
Véi v (m/ph); dr, d.(m}
Cong suit dong co dé nang vat Q cé tdc do v, s& la:
N = Q. v,
60 . 1000n,

Trong d6: 1, - hi2u sudt chung co cfu nang; Q dugc tinh 12 N, v, (m/ph).

; (kW)

Tri s6 tai trong nang Q dugc tinh bao gém ca trong lugng ban than thiét bi mang va
paliang cép.
Momen can tinh trén tang quy vé truc ddng co sg la:

_ Sr(dr+d)

Yo2.gmg.nr ]

Trong d6:
n
iy - ti 58 truyén hop gidm tdc, duoc xic dinh i, = f;
T
ng. - tdc dd quay cda truc ddng co.
Momen phanh tinh todn s& la:
Sp{dr+d) |
Mpn = —zlfﬂ ¢ Mp- M- Kons

i';, M’ - ti s8 truyén va hi¢u suft truyén dong tir truc dit phanh dén truc tang;

K - hé s8 an toan phanh, thudng 14y bang 1,5 + 2,5.

Momen ddng co va momen phanh thay d8i theo t&¢ dd quay, dic biét ro nét 1a phanh
dién. D€ xac dinh thoi gian mé may va thoi gian phanh mot cadch don gian, trong so
d8 mot khoi lugng cla co cdu (hinh 4.8), ngudi ta coi mdmen dong co M va mdmen
phanh M 12 dai lugng khong d8i. Gi4 tri momen dong co duge 14y bing gia tri momen
m& mdy trung binh theo bang 2.2. Cic mdmen can tinh M, khi m& may va M, khi phanh
cting dugc coi 1a khong ddi. Tir phuong trinh can bing moémen & thdi ki mé may (khdi
dong tr trang thdi dung yén v6i @ = 0 vd ¢ = 0 khi t = 0).

Mg=1,. 9 =M, -M,

L. M, - M, ' M M,
Ta cé gia tbc géc: ¢ = — _——— = const —— -
: To ~=——- — -
1 M My
. . M,-M .
toc do goc: ¢ = J.(p.dtzmj—‘-[va %, P
0 4]

Hinh 4.8: So 46 mot khéi lugng
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I
. . Mm - MI 12
goéc quay: ¢ = _[(p.dt = ] ) (4.6)
o 0
Thai gian mé may tir toc do géc ¢, = 0 d&n toc do lam viec én dinh @4 12
T
= —oted (4.7)
Mm - MI
Trong d4d: T - thot gian m& may dong co.
Tuong tu ¢é thoi gian phanh:
TO‘(i)Od =
t, = T — = 48
» = M, - M, T (4.8)

Trong d6: 1 - thoi gian phanh.
Néu chidu clia mémen cin M, hodc M, thay d8i, ta thay d8i ddu ciia cic dai lugng
ndy, cu thé 1a khi ha vat, mémen M, vd M, cing diu:

Jo'(-bod

t = ———— vi 4.9

M M, 49
_J-O - ('Pod v

t, = ——— 4.10

M+ M ( )

D€ tién tinh to4n, thay gid tri mdmen quén tinh quy dan J, va J, bing mémen da quy
din GD? va GD’ duoc xac dinh theo (4.5) vao (4.7), (4.8), (4.9), (4.10) véi chad y la:

Doy = @ = T val = GD*
(pod - 1 — 30 - 4g y
ta & c6 = GD'n, 4.11
a sé ¢o: = , S; .
mT3sM M) S )
G])z.rll
= (4.12)

L S —— N
P 375(M, M)

Trong cdng thitc trén GD* duge tinh 1a Nm?, n, 12 t8c do quay cia truc dong co, v/ph
va cdc gia trj M, My, M, déu ducc tinh 12 Nm. Diu trir & miu s6 ¢ng véi qua trinh
nang vat va diu cong \ng vai khi ha vat.

c) Trinh tw tinh todn co cdu nang

Cac s6 liu cén biét trude d€ tinh todn co cau nang la:

- Tai trong nang Q, N;

- Chiéu cao nang H, m;

- T6c 46 nang v, m/s.

- Ché& 46 lam viéc cda co cau.
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Trinh ty tinh todn nhur sau:

1. Lya chon so d6 co cdu

2. Can ctt vao so d6 ludn cép & bude 1, xdc dinh boi suit paling, luc cang cap lon
nhdt va chon cép.

3. Xac dinh céic kich thudc co ban cia tang va puli.

4. Tinh s& vong quay yéu ciu cda tang d€ dim blo tdc do v,,.

5. Tinh cong sudt dong co dién, chon dong co, kiém tra dong co theo céac budc & §2.2.

6. Dua vao cong sudt, ti s§ truyén chung yéu ciu, s6 vong quay truc vao, ch€ do lam
viéc clia co cdu, ti€n hanh thiét k& (hodc chon) he thong truyén dong.

7. Tinh momen phanh, chon phanh va kiém tra gia t6¢c phanh,

8. Tinh todn thi€t k€ cac bd phan chiu luc con lai nhu cum mdoc treo, kep ddun cap
trén tang, truc tang, goi d& truc tang v.v...

§4.2. CO CAU DI CHUYEN

Co cdu di chuyén ¢6 nhié¢m vuy ti€p nhan va truyén toan bo trong luong cla xe may
xudng nén va tao cho miy chuyén dong theo hudng mong mudn trong qud trinh lam
viec. Theo dic diém clia duong vd bo phan di chuyén, phan ra co cdu di chuyén trén
ray, co cdu di chuyén banh 18p, co cdu di chuyén banh xich vd mot s& dang dic biét
khac nhu co cdu di chuyén ty bude v.v... Nhin chung d6i véi cic mady xay dung va lam
duéng déu trang bi bo di chuyén 1a banh 18p hodc banh xich. D3i v&i mot s6 loai may
nang nhu cin tryc thap, cdu truc, cdng truc, ¢6 co cdu di chuyén trén ray.

4.2.1. Co cau di chuyén trén ray

So v&i co cdu di chuyén trén ray ciia cac may van chuyén ngang thi & cac cén tryc,
ap luc 1én cac banh xe di chuyén 16n hon, nhung tdc do chuyén dong nhé hon nhiéu,
thuong khong lén hon 2,5m/s, va dai bd phan duge din dong dién. '

a) Cdu tao chung

Mot co cdu di chuyén bao gdm mot hodc mdt cum béanh xe, duge din dong bdi dong
co thong qua hé thdng truyén dong co khi nhu hop gidm t0c, khdp ndi, trong nhiéu
truong hgp con cé bo truyén banh ring dé hé. DE dirng xe chinh xéc, trong co cdu c6
dit phanh, phanh thudng dit & truc thi nhdt, noi ¢6 momen xodn nhd.

Su khic biét vé cdu tao clia cic co cau di chuyén trén ray phu thudc vao:

- Pudng ray di chuyén: di chuyén kiéu treo trén ray (thuong la trén hai canh dudi
dim chir I) ho4c di chuyén trén dinh hai ray;

- Cach truyén lyc: banh xe din dong hay cap kéo;

- Céach truyén momen xodn 1én banh xe (qua banh ring, qua truc) (hinh 4.9);

- K&t cdu cua hé truyén dong: kin hay hé;
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- Cach thirc dén dong: din dong chung, d&n dong riéng.

Trén co ciu di chuyén hay ray, thuong xudt hién hién tugng di chuyén léch do ¢6
su sai khac vé duong kinh va tdc dd quay cia cdc banh xe chd dong. Viéc dam bao
cho hai bén xe di chuyén déu nhau sé& gidm dugc sy bién dang clia khung xe, do d¢
giam dugce lue cdn chuyén dong do di chuyén xién lgch. D€ han ché& do xien fech, tude
het va chi y&u la k&t cau kim loai caa khung xe hoic toan may phai ¢d do cing ving
cao. Mit khac, g& banh xe hoidc cac con lan diin huong ciing han ché si di chuyén léch,
tuy nhién s& xudt hién cac lyc ciin phy trong co cdu ciing nhu tyc tic dung phu 1én két

ciu kim loai.

Co cdu di chuyén diin dong chung (hinh 4.10) dugc ding cho cac xe lin clia cac cin
truc kiéu cdu (ciu tryc, cdng tryc) hoiic cho ciu truc cé khdu do nhd. cic mdy dong

coc di chuyén trén ray v.v...
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Hinh 4.9: Truyén mdmen xcodn lén bdnh xe dén
a} Truc banh xe la truc tdm: 1. True ddn; 2. Bo truvén bdnh rang ho;
3. G6i da rruc; 4. Bdnh xe; 5. Ray; 6. Truc bdnh xe; 7. B¢ do truc bdanh xe;
b) Truc banh xe la truc truyén: 8. Truc ddn; 9. Khoép noi

Va&i xe lan hodc cdu truc ¢o
khau do rat nhé, cé thé ding so
dd truyén dong vdi truc quay
cham (hinh 4.10b). O day dong
co lam ngudn din dong chung,
momen xodn duge truyén qua
hép gidm tdc va sau d6 d€n cdc
banh xe, nh truc truyén dong.
Tay theo khau do ma tryuc
truyén ddng c6 thé dugc ché
tao thanh 2 hay nhiéu doan,
duoe ndi vai nhau béng cdc néi
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a) Truc truvén quay nhanh, b) Truc truvén quay chéam.



truc va duge do bing cic § do trung gian. Momen truyén qua tryc truyén dong & cdp
cham nén c¢6 gia tri 1on, do d6 bén than tryc, 8, khop néi déu c6 kich thude va trong
lrong 1ém. D€ gidm nhe, c6 thé dung két cau truc réng. Vi khiu do 1om, trye dai, goc
xodn truc sé 1¢n, anh hudng dén su di chuyén déu hai bén. Truong hop nay dung so d6
truyén dong vdi truc truyén quay nhanh (hinh 4.10a), truyén moémen ngay tir hai ddu ra
clla dong co d€n cdc banh xe thong qua hai hop gidm téc & hai bén. V4i cung cdng sudt
truyén, truc quay nhanh ¢é trong lugng nhd hon 4 - 6 14n so vdi truc truyén quay cham,
va mic da phai dang dén hai hdp gidm tdc, trong lvong chung cda co cdu khong tiang.

Tuy nhién & day c6 yeu ciu cao vé do chinh xéc 1dp dit cac 6 do va phai can bing
dong cac tiét may quay.

Co cdu di chuyén din dong rieng gdm cac cum rieng biet & mot hoac hai bén duong
ray. M&i cum déu c6 dong co va hop gidm tdc rieng. Gira hai banh xe didn khong cé
lien két co khi. Trong hé thong nhu vay ¢ hién tugng tu dong san tai gida cac dong
co dién. Dé phong phan bd tai khong déu gita hai bén, tai trong tinh todn cho méi co
cau dugc ldy bing 60% tai chung. Trong co ciu di chuyén din dong riéng, dong co c6
thé b tri doc hodc ngang so vdi dudng truc ray. Khi ba tri doc (hinh 4.11b) dung hop
gidm toc banh vit truc vit hodc hop giam tdc banh rang con. Két cau nay dam bao cho
co cdu ¢d kich thudc nhé gon. BS tri ngang thudng kho ga ldp (hinh 4.11a), do vay hay
dung hop giam tSc kiéu treo (hinh 4.12). O két cdu dang nay, dong co v phanh nim
phia trén cGa hop d¢ truc banh xe. Trén nhiéu may, ngudi ta con sitr dung dong co cé
gin sén phanh (thuong 1a phanh dia kiéu dieén tr 1dp phia dudi dong co), dong co ldp
cong xon trén hop gidm toc nhd mat bich. Loai nay ¢ két cdu nhd gon, dé& ga lip.
KO 205 222
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Hinh 4.11: So dé co cdu 260 ’
di chuyén ddn déng riéng. 20 |
a) Co céu di chuyén ddt trén hai phia ray; Hinh 4.12: Co céiu di chuyén ddn déng
b) Co cdu di chuyén ddr trén mot phia ray. riéng voi hop gidm 16c kiéu treo.
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Khi ¢6 hai banh xe din trong mot cum banh xe, cach b
tri co cdu di chuyén nhu so dd trén hinh 4.13.

O co cdu di chuyén kiéu treo, ray thuong 12 dim thép
chit I, cac banh xe chay trén hai cdnh dudi cia ddm (hinh
4.14). Co cdu di chuyén kiéu treo c6 thé din dong bang tay
nh¢ diy tryc ti€p hoic thong qua banh kéo xich. Trong
truong hop din dong dién, momen xodn duge truyén tu
dong co dén banh xe qua cdc cdp banh rang. Cac bénh xe
c6 thé dugc din dong mot bén hoic ci hai bén, ¢6 thé din
ddng mot banh xe, hai bianh xe hay ca 4 banh xe. Din dong
mot bén don gian hon trong ché tao va ldp rip nhung gay
xién léch xe, chi dung khi di chuyén trén dudmng thing. Do
khi di chuyén trén hai cinh dudi cia didm I, ap lgc banh xe

lén ddm gay nén cic ing sudt udn cuc bo kha 1on, cing nhr dudng kinh banh xe bi han
ché€, nén nguoi ta dung nhiéu banh xe cho mét co cdu di chuyén khi c6 tai 16n (6, 8, 12
banh). Vi chét lugng clia bé mit di chuyén bi han ché, nén 8¢ d6 di chuyén & loai nay

khong vuot qua 0,5m/s.

-
. g
+
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a I | %
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Hinh 4.13: So dé co cdu di
chuvén véi hai bdanh ddn
trén mor cum bdnh xe

i 4
- %

Hinh 4.14: Co cdu di chuvén kiéu treo

1. Ddm dinh hinh chit I; 2. Dong co dién; 3. Bu l6ng lién két; 4. Tdm treo; 5. Truc triayén.

Lyc vong ma banh xe din truyén cho ray bi gi¢i han bdi kha niang bam gitta banh
xe vdi duong. Néu van t6c cang 16n thi chdc chidn gia tdc sé cang cao va s& banh xe
din dong s& phai tang 1én. C6 thé khic phuc han ché trén bing ciach dung co cdu di

chuyén kiéu day kéo (cap kéo).

Co cdu di chuyén cap kéo dwge dung nhiéu trén cic cin truc thap, cdn tryc cdng va

0 | == a7t

cdn tryc cap. No s& dugce gidi thiéu ki trong cac sach chuyén nganh.
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b) Tinh todn chung co cdu di chuyén trén ray
- Luc can chuyén dong cda xe di chuyén:

Lyc can tinh W, tic dong trong moi thoi ki chuyén dong 6n dinh va khdng 6n dinh
cia miy. D6 la cac thanh phin luc cidn do ma sat W,, do d6c cia dudng ray W, va do
gi6 W;. Thanh phidn W, chi dugc ké dé€n khi may 1am viéc ngoai troi.

W, =W, + W, +W, (4.13)

Luc can ma sat W, 1a lyc vong trén banh xe tai vi tri ti€p xic gitta banh xe véi dudng
ray. N6 ¢6 chiéu luon ngugce chiéu chuyén dong. W, 1a mot dai Iuvong thay thé tuong
duong cho cac luc cén lan gitta banh xe v3i ray, ma sat trong § truc banh xe va ma sat
gitra thanh binh xe véi canh bén cia ray. Phuong trinh can bing momen (hinh 4.15)
kht khong ké d€n ma sat thanh banh:

W, = = Fu+M,=Fu+F.f 4 ; d
2 2
hay W, =F- 2p+td ; ?’ |
dg —_— | A w

Trong dé: Wi

W - hé s6 can lin, mm, (bang 4.1); ‘ w,

f - hé s6 ma sét 6 truc quy vé duong kinh ngdng F B
truc (bang 4.2); M =

dg, d - dudng kinh banh xe va ngéng truc banh Hinh 4.15: Mé hinh
Xe, mm; tinh lyc cdn ma sdt.

F - tdng 4p luc thing ding l1én cic banh xe, N.
Dé k& d&n ma s4t thanh banh, dung hé s6 k. Hé s8 k phy thudc vao dang banh xe,
loai & truc ciing nhu cach din dong. Gia tri cia né cho & bang 4.3. Cudi cing ¢6:

W, =F(Zﬁgﬂ).k=F.m; (4.14)

R
o dugc goi 12 hé s6 can chuyén dong.

Bing 4.1. Hé s6 can ldn g, mm

R i (mm) khi dudmg kinh banh xe, mm
ay :
200 va 300 400 va 500 600 va 700 800 900 va 1000

Poi v&i banh xe thép

Ray bing 0,3 0,5 0,6 0,6 0,7

Ray dinh 16i 0,4 0,6 0,8 1,0 1,2
Ddi véi banh xe gang

Ray bing 0,4 0,6 0.8 0,8 09

Ray dinh 16i 0.5 0,7 0,9 1'2 1,4
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Bang 4.2. Hé s6 ma sdt 6 tryc f

Loai & e} trugt O lan
K&t cdu & bé hé Pé kin, cé diu 8 bi va & daa & con
f 0,10 0,08 0,015 0,02
Lyc cén do d9 doc dudng ray:
W, = Fsina = F.a (4.15)

o - dd ddc cho phép cida dudng ray; a = 07002 voi ray xe lin trén ciu truc; o = 0,003
v&i ray c8ng truc va cdn truc chan d&; 'a = 0,001 ddi véi ray cn truc dat trén ddm thép
v(i nén bé tong cdt thép; o = 0,004 véi ray cdn truc dudng sit trén nén da dam, ta vet
gd: o = 0,005 v&i ray cén truc thip.

Bang 4.3. H¢ so k

Dang bédnh xe Vi tri dit co cdu| Déan dong co ciu k Ghi chu
Con Chung 1,2
Hinh try ¢6 go Chu truc rieng hodc chung 1,5
Hinh try khong ¢6 go 1.1 Véi con lan dan

hudng bén canh
2,5 Vi dan diy ciing

Hinh try ¢6 go Xe con can tryc Chung 3.0 Vi cdp dan dien
Hinh con cé 1 g& or o 2,51 1O lan
. t phia =z

Ciu truc tred Nt 29 O ki
. 2,01 O lin

_ Hai phia 1,82 o) truot

Hinh tru c6 go 1,4 o) truot
Cén tryc thap 20 S 1an

. 1.8 O trugt
Cong truc 30 3 lan

- Ap lyc tua va lyc nén banh

Co cau di chuyén clia hdu hét cdc may déu cé bdn cum chin tya. Didu nay doi héi
duong ray co cdu di chuyén phai duoc 1dp dit mot cach chinh xdc. Nhe d6i ximg nén
két cdu kiéu 4 cum chan tua ting duge dd 6n dinh may cing nhu cai thién duge didu
kién lam viéc clia co cau. Khi tya trén 3 cum chan tya, may d& dang di chuyén quay
vong, yéu ciu vé do bing phing dudng ray ciing thip hon so vdi khi tua trén 4 chan tua.
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Ap lyc & cac chan tya dugce truyén
xudng dudng ray thong qua banh xe.
Né&u ap luc tya 1on c6 thé ting sO
binh xe cla mdi chan tua, /\p Ture
dugc phin xudng cdc bdnh xe nay
thong qua hé thong dac biét goi la
cAu can bang (hinh 4.16).

bé xac dinh gin dung ap luc lén
cac chan wra, st dung mo hinh nhu &
hinh 4.17. M6 hinh [h mot t4m phing
tuyét doi cing twa trén 4 10 xo ¢o do
cing nhur nhau.

Dudng thing ding di qua S goi la
truc chinh cda hé 16 xo, nrc la tai
diém nay, cic luc thing ding sé tao
ra & 4 diém tura ¢6 su dich chuyén
biing nhau. Bai toan s& Ia phuc tap
khi ma truc d61 xing, truc chinh cia
16 xo va truc quay ctia médy khong
tring nhau (& cac may di chuyén
banh 16p). Cé thé quy vé mo hinh
don gidn trén mot cach dé dang khi
ma truc d&i xing va truc chinh trung
nhau, song khong tring vdi truc
quay cda mdy bing phuong phip
don luc.

Hinh 4.17: Mo hinh tinh dp lic twa

Trong moi trudng hop, cdc ngoai lyc déu cé thé quy vé mot lyc thdng ding F, do
bé¢ di chuyén giy ra va F, do phdn quay gay ra tac dung tai tryc chinh hé 1o xo, mot

lre ngang (khong dua vao trén hinh vé) va hai moé men M

ao My, hodic M, va M,,,. Géc

quay W chi vi tri tirc théi cha véc to mémen phin quay M.

Ap luc tra cia mot diém tra ndo do sé la:

Fi = Fiu + Fio
Phin 4p luc do bé di chuyén gay ra sé la:
I M
T Ma M,
" 4 2b /
va phan dp luc do phén quay gay ra la:
I3 cosy  sin sin cos
F, = 2+ M, ( ot - S0 gy (20F + &8 4.16
e 4 nv( 2b 21 ) Dw( 2b 21 ) ( )
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Tir (4.16) c6:

F M M y
Fumax = Fu4 = _4Tu + 2;" + 2}] :
F, M, M,
wn=F,= - —2%- =% 4.17
1:umln Fu2 4 7 21 ( )

Ap lyc do phdn quay gay ra 12 mot ham ciia géc w. Lay dao ham F,, theo y va cho
bidng 0, nit ra:

Moy M,
tg(y + kmy = —2—— (4.18)
BV Ma My, |
+
l b
Thay gia trj cda géc w & (4.18) vao (4.16) c6:
F s R
Fomax = - + L M§V+M§w ‘;
4 2h
_F 1 NSy
Fomm YR Mov+ Mow ’
4 2h
vdi h theo hinh 4.18:
h = b/ . (4.19)
b* + P
K&t hgp (4.16), (4.17) va (4.19) ¢6
F.+F M M 1
F = F — _o uog ux uy L W
max T dmax 4 2b 20 | 2n ov + Mow
' F,+F, M M
Froin = Fomin = v S P M M, (4.20)

4 2b 21 2h
Trong nhiéu truong hop c6 thé xdy ra mady chi tua trén 3 diém tya. Nguyén nhan:
- Do tai trong din dé€n 4p luc tya clia 1 trong 4 gdi bing khong.

- Khong phai do tai trong, ma do c6 s sai léch vé do cao cia dudng ray, dan dén
c6 | goi khong ti€p xic mat dudng. Gid sk ap luc tya F, 12 4p luc nhd nhit duge tinh
theo (4.16). Cho F, = 0 ta ¢6 bat ddng thic

cosy _siny y simy _ cosy y 5, FutFo My M, s
M"V( b ! ) M°“’( b I ) 2 b I “.21)

Bét ding thirc nay 1a diéu kién d€ xdy ra hién tugng may chi tya trén 3 di€m tua.
Tir (4.21) cho phép x4c dinh dugc mién gi4 tri cda géc y thod man bat ding thic trén.
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Nh¢ (4.20) ¢6 thé kiém tra mot cdch don gidn hon xem ¢6 thé x4y ra hién tugng cé
mot gbi dp luc tya bang 0 khi cho Fy,;, < 0.

1 M2+ M2, > Fo+FE, M, M,

h 2 b l

Sau khi bd F, thi may chi tya trén 3 g&i 1, 3, 4. Tir hinh 4.18 cé:

F,+F M f
F]= u [ IU)"_% Mgv+wwy

r (4.22)

2

Hinh 4.18: Co cdu di
chuyén twa trén 3 goi tua
aj} Phu thuéc vao tai trong;
b) Phu thugc vao duong ray.

9 y
Truong hop may chi tya wén 3 diém tya do mit duong khong bing phing dugc din

ra & hinh 4.18b. Gia s g6i 2 khong ti€p xic vdi miat dudng, ta ¢6:

F,
F, = Fu; o _ % M,y — M,,.sin.y + M,,.cosy)
F,+F :
F3 = % - %(MHX+M0V'COW+MOW'SIH\U) ;

F4=FU+F0""F]"'F3
1 . 1 .
= 7 M,, — M,siny + M, cosy) + E (M + M cosy + M, siny).  (4.24)

Trudng hgp mdi mot gbi twa cé tir 2 banh xe trd 1én, viéc xac dinh lyc nén banh 1én
timg banh xe phu thudc vao k&t cdu cia cum banh xe va lién két cia cum banh xe vé&i
chin tya cda may. Hinh 4.16 ia cach thirc b6 tri banh xe thuong gap.

Bai toan x4c dinh lyc nén banh lén banh xe trong mét chan tua véi he théng ciu céan
bing dugc vi du cho truong hop cé 4 banh (hinh 4.19). F,; 1a cac lyc nén banh cén xéc
dinh cung véi tyc ngang F,;. Viéc phan bg F, trén 4 banh xe phy thudc vao cdu tao cia
co cdu di chuyén.
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F > 3 Y7
P b % 2 s hé
/ R foz fer 't

Hinh 4.19: Luc tdc dung lén cdc bdnh xe

Ta c6 cac cong thic chung:

4 4
szZFvi; Fh=2Fhi;
jm] i=1
FVA=FV| +Fv2; ' FVB=FV3+FV4;
FhA = Fhl + th y FhB = Fh3 + Fh4' (425)
Xét can bing momen d0i vai khéi trén ¢o:
F, , F, h,

va vd&i kh6i dudi co:

Fv ‘Fh ho h_ho
= ———.—% (F ,+EF, ——
2T T (Fai + Fyo) 2a
F, F, h, h—-h
Faa4 7 Iv+—é":i(Fh3+_Fh4)' 22 . (4.26)

Trong cac phuong trinh xac dinb lyc thing ding tic dung 1&n céc banh xe déu ¢6
cac thanh phan lyc ngang F,;. Néu nhu chi ¢6 mot khéi can bing gdm 2 banh xe dugc
d4n dong, lyc ngang trén cac banh xe khong dugc din dong dugc 14y bing 0. Khi din
dong ca 2 khdi, coi toan bo luc ngang phan déu cho ca hai khoi.

- Hién tugng quay trom, trugt tron - Kiém tra bam co cdu di chuyén:

Momen tir ddng co truyén dén banh xe dan tao nén & khu vyc tiép xic gita banh xe
v&i mit duong nhitng phan lyc tiép tuy&n. Nhitng phan lyc nay hudng theo chiéu chuyén
dong cGia may va c6 tdc dung ddy may vé phia trudc. Hop luc clia cac phan luc néi trén
goi 1a phan lyc ddy cla duong. Lyc din ti€p tuy&n d€n banh xe chii dong khong phai
hic nao cdng dugc st dung hoan toan, vi trong qué trinh chuyén dong, doi khi ¢6 hién
tugng trugt quay cla banh xe (banh xe quay nhung khong ti€n vé phia trudc). Sy trugt
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quay (quay tron) cia banh xe chd dong, xuat hién khi luc kéo ti€p tuyén dat toi gia tri
cda luc bam gitta banh xe véi mat duong. Lyc bam & day 1a téng cac luc can cda nén
dudng ddi vdi banh xe bao gdm lyc ma sat, lwc can do vau, gan banh xe gay ra khi lin
vio nén duong (v&i loai banh hoi, banh xich) v.v... Néu luc vong ti€p tuyén vugt qua
luc cén cé thé ¢6 & khu vuc ti€p xic thi s& xdy ra hién twgng trugt quay hoan toan hoic
trugt mot phin. Nghia 1a mic d sit dung lyc din trén banh xe phu thudc va kha nang
bdm va chat lugng bam giwa banh xe chd dong véi mat dudng: N6 dugce dic trung bing
khd nang cia duong hap thy luc dan tiép tuyén va dugc ddnh gid bing hé s6 ¢,. Hé so
bam ¢, dugc xdc dinh bing ti s6 gitra lyc ddy cyc dai ¢6 thé ¢6 duge & khu vuc tiép
xic cda banh xe chi dong véi mit dudng (con goi 1a lyc bam) va tai trong thing dung
dat 1&én banh xe.

biéu kién dam bao cho bédnh xe chd dong lan ma khong bi truot quay 12 luc dén tiép
tuyén phai nhd hon hay bing luc bam:

P, <P, = F.q - (4.27)
Trong dé:
F - tai trong thing ding tic dung 1én binh xe dén;

¢, - hé s6 bam, dugc xac dinh bing thyc nghiém, né phu thudc vao tinh chit ciia
hai b& mat ti€p xdc. Khi banh xe thép hodc gang lin trén dudng ray lay:

¢, = 0,12 khi may lam viéc ngoai trin,
¢, = 0,20 khi mdy lam viéc trong nha,
¢, = 0,25 khi mdy lam viéc trén dudng ray cé phun cat.

Qua trinh phanh cidng dién ra tuong ty nhw vay. Luc vong trén banh xe do phanh
gay ra goi la lyc ham. Khi lyc ham Py, 16n hon luc bam sé xay ra hién tugng banh xe
bi treot vé phia truge. Hién tuong nay got la truot tron. Toan b may bi trugt mot doan
vé phia trudec.

Ca hai hién tugng trén déu giy cho banh xe va dudng bi mai mon khoc liét. Xe
khong tién dugc vé phia trudc hodc dirng ding vi tri mong mudn. Do vay khi tinh todn
co cdu di chuyén, cdn kiém tra bam. Phép tinh kiém tra bam phai ti€n hanh cho ci qua
trinh m& may va qua trinh phanh. Mo hinh kiém tra bam cho & hinh 4.20. Mdmen mé
may M,, hay phanh M,, trudc khi duoc truyén dén banh xe dan, phai tiéu t6n mét phin
dé thing momen quan tinh clia cac khoi lugng tham gia chuyén dong quay trong co cdu
{trir banh xe).

Ta ¢6 diéu kién an toan bam nhw sau:

_ 2 . @y
Py = = Mp-J; . )ig.my < = L F ;
dy 0o
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Py _(M Tg - Ep)_g_
Vi Pl S
L Vol g = Jdql T T YA, =
1My

3 E (4.28)
n sy
= _ ZJR'ng
ql 2
4

Mot cach gdn ding 18y theo (4.2), (4.3) va (4.4), coi Ji = 0 ¢é:

Jg R~ Jg =aJ);
Trong do:

dg, Jg - dudng kinh va mOmen quan tinh cia banh xe;
M,,. , - mdmen m& may hoic mémen phanh quy vé truc dong co,
ig, M - ti 88 truyén va higu sudt truyén dong ciia hé th6ng truyén dong co cdu;

¢y, - hé s6 bam;
n - hé s6 an toan bam;
T J,

gl
Z - 36 lugng banh xe dan trong co ciu,

- mdmen quan tinh cda cac ti€t may quay trong co cdu quy vé truc dong co;

F, - tai trong thdng ding tic dung lén banh xe din i.

Trong codng thirc (4.28), gia toc géc duge xdc dinh khi coi mdmen mé& may (hoic

momen phanh) 1a khong ddi, va theo (4.6) ¢6

Mm_Mt
= ——vi €,
o

Thay gia tri cla g, E, V20 (4.28) s& c6
diéu kién an toan bam nhu sau:

€

m

Pp.dg z
——— Y F, - M, J
M. < 21g'r1g n -] '
" 1-T ’
dg.m, .
%—.R_Il_ﬁ E F,+Mt J"‘
M < 2.1g.n i=1 .
p = T »
3 |
J al
Trong d6: J' = £ = 12
Jo m.dR 1
Jo+ -_—
o, 1 >
1Ny
oo I _ a.J,
jo m.dﬁ n
al, + —£
4 i2
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Hinh 4.20: Mo hinh kiém tra bam

(4.31)



Trong cac cong thic trén:

M, M, - mémen can tinh co cdu di chuyén quy vé tryc dong co khi dong co hoic
phanh lam viéc (luc can ma sat, doc, gid),

m - kh6i lugng chuyén dong tinh tién,

Tir cong thic (4.30) c6 thé thdy 1a s¢ bat loi cho M, khi gié nguoc chiéu chuyén
dong (M, duong) va cho M, khi gié cung chiéu chuyén dong (M, am). Cén chii y 1a ti
trong XF; (con goi la trong lvgng bam) ¢é anh hudmg lon dé€n diéu kién bam.

Bat loi nhdt la khi may di chuyén khong tai, khi nay cic dai lugng J,, M,
J,,M,, F, can dugc tinh twong ung véi tai Q = 0.

Khi chon ¢, = 0,12 (tirc 12 ¢6 gia tri rat thdp), thi he s an toan bam n dugc chon 1a
1,2. Véi co cdu di chuyén din dong rieng cin kiém tra bam cho timg co cau véi didu
kién bat lgi nhat cho co cdu d6. Khi diéu kién bam khong dam béo, phaii ting s& banh
ddn, ting trong luong bam F, hodc gidm momen M,,, M,

- Chon dong co va phanh co cdu di chuyén:

Sau khi chon so dé dan dong co cdu, xdc dinh lyc nén banh va tinh todn cum banh
xe, cdn xac dinh lyc can di chuy&n theo (4.13). Téng cong suit dong co din dong
dugc tinh:

b _ Wit (1121.3) (m + mg).al.Vy |
C 10000640, Wmax

(4.32)

Trong do:

V, - tdc do di chuyén, m/s;

a - gia t6c co cdu di chuyén, dugce chon so bo theo bang (4.4);

m, mg, - khoi lugng xe va tdi tham gia chuyén dong;

Wmax - h& s momen cuc dai cia dong co.

Viéc chon dong co dugc ti€n hanh theo §2.2. Khi ding din dong riéng, gia sir cé
hai dong co din dong, mbi dong co dit & mot dudng ray, thi cOng sudt tinh todn cho
mot dong co 1y bing 60% cong sudt chung. Sau cung phai ki€m tra dong co theo diéu
kién bam (4.30).

Bing 4.4. Gid tri trung binh cda gia td¢c mé mdy co ciu di chuyén

Pic diém co cdu a, m/s’
Ciu truc, xe con van chuyén kim loai 16ng 0,1
Cén truc ldp rap va xe con cha chiing 0,15
Cén truc va xe con ¢6 c¢ong dung chung khi gia treo vat mém 0.2
Can truc va xe con c0 gid treo vit cuing 0.3
Cdng truc 0,i
Xe con mang giu ngoam cia cdu truc 0.8
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Khi chon phanh, trucge hét phai dam bio yéu clu vé gia tdc phanh. Momen phanh
yéu céu dugc tinh:

M, = -M+J, . ¢, (4.33)
Khi tinh mémen can tinh M,, chi ké d&n thanh phan luc can do ma sit & truc va luc
can lan cda banh xe. Cic thanh phan luc can do gié, ddc néu tinh phai 1dy dau am.

Gia toc phanh:
® )
g, =~ , () (4.34)

Trong do:
, - toc dd goc truc dat phanh (s'l);
{, - thoi gian phanh nhd nhat dim bdo quang dudng phanh cho phép:
28 '
— .
t, = v, () (4.35)
S, - quing dudmg phanh cho phép, bang 4.5

Bang 4.5. Gia tri quang dwong phanh cho phép S;, m

Sp khi s6 banh xe chu dong

Gia tri h¢ s0 bam @, LG, LG . R G, 1
Tat Ca(az i) Mot ntra(a: E) Mot phin tu(a:z;)
0‘]2 _L V~ v-
6500 3250 1650
0.20 v A vV
11000 5400 3000
V2 V? A%
0,25
14000 7200 3700

V: Vian toc di chuyén m/ph; Gb , Gx - trong luong bam va tdng trong lugng xe.

Phanh dugc chon phai thod man diéu kién dim bao quang duong phanh cho phép
theo (4.33) va diéu kién bam theo (4.30).

D61 voi may lam viéc ngoai tro khong ¢6 b phan kep ray dé ham khi ¢6 gié 1n,
moémen phanh phdi duoc kiém tra vé kha nang ham khi ¢6 gio ¢ trang thai khong
lam viéc.

— dgn,
M, 2 k, (W, + W, - W) R0E
1
g
Trong do6:
W, - luc do do doc ray, tinh khi khong ¢6 tai Q;

W, - lye ddy do gio & trang thai khong lam viéc;
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W, - lyc can do ma sat ¢ truc va lyc can lan, tinh khi khéng c6 tai, theo (4.14)
voi k = 1;

k, - h¢ s6 an toan phanh, k, = 1,2.

¢) Co cdu di chuyén quay vong

Nhiéu may khi lam viéc phai di chuyén trén dudng vong vi do vay phii ¢é co cdu
di chuyén quay vong.

- Cdu tao chung:

Trong co cdu di chuyén hai ray kiéu két cdu cing (cac banh xe khong cé kha ning
lic quanh truc ditng), cé khdu do duong ray 1a s va khoang cach truc a, khi di chuyén
quay vong, cic banh xe di chuyén trén mot doan ray cong khong phai hoan toan chinh
xdc 1 mot cung tron (hinh 4.21c¢).

Mot co cdu di chuyén ¢6 ba chan tua, trong d6 cé hai chan nim & dudng ray ngoai
(hinh 4.21a) hodc ¢ ray trong (hinh 4.21b) di chuyén trén mot doan ray cong. Chia doan
ray cong nay ra lam ba phan. O méi doan ray dugc chia, s& c6 ban kinh cong khac vdi
doan con lai. Doan gitra BC duoc goi la vung di chuyén quay vong &n dinh, trong dé
tdt ca cac chan twa trén dudng ray déu di chuyén véi ban kinh khong déi r,, T, hodc
r,, r,. Khi nay, ban kinh nhé nhdt dugce tinh:

- a -2
L =1r,. 1—(;) -5

I, =T, VI—(L) + 5. (4.36)

2r,
O doan chuyén déi tir B d&€n A hodc C dén D, bén kinh ray T, hay T, s& thay ddi din

va gid tri cudi cung la:

hodc r, =1, +S.

O doan ban kinh ray dugc thay ddi ddn nay, sai lech hudng kinh (néu chiing khong
qua lon) dugc bu trir bing cach ting chiéu rong mat lan cda banh xe.

Co cdu di chuyén ¢6 kha ning quay vong vdi 3 chan tira, chi dugce phép di chuyén
trén doan quay vong khi khong tdi, do may ¢6 tinh 6n dinh thdp. Cac banh xe din chi
dugc phép dit vé mot phia cia may (trén cang 1 dudng ray). P& nang cao tinh én dinh
cho mdy, ngudi ta dung co cdu di chuyén ¢é kha nang quay vong vaéi 4 chan tya.

O co cdu di chuyén c6 két cdu cing, mbi bén duong ray ¢6 2 chan tya. Trén doan
guay vong (hinh 4.21¢), do gidm khdu do duong ray c6 tri s lon nhdt 1a (¢ diém giita

doan quay vong).
AS = §;—8$,= ri+s—\/[s+ riz-(%)u1_+(§)b (4.37)
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Co cdu quay vong dang nay doi
hoi phai ¢6 cac giai phap két cdu bd
sung, vi du b8 sung thém banh xe
phu, trén doan quay vong né thay thé
cho hai banh xe cda mot bén ray.
Banh xe phu dugc di chuyén trén
doan ray cong dat cao hon. Khi nay
cén truc chi tua trén 3 di€m, tat nhién
chi dugc phép di chuyén khi
khong tai.

O co cdu di chuyén cé co cdu
quay vong dang mém vdi 4 chan tya
(hinh 4.22), cdc chan tya va cac cum
banh xe déu c6 khd ning lic quanh
tryc thing dung. P€ dim bao di
chuyén ddng bo, gitra ting cip chan
tia bo tri he théng thanh ding. Vai
két cau kiéu trén, c6 thé dé dang thay
d6i cad khdu do clia duong ray. Tdt
nhién trong trudng hop nay, cic
banh xe din van chi dugc phép bd tri
trén 1 bén dudng ray.

Trong qua trinh quay vong, luc
cin ma sat thanh bédnh s& tang 1én.
Ngoai ra, khi chuyén dong lan clia
banh xe x3y ra cung lic vgi chuyén
ddng quay quanh truc ddng cia banh
xe, s& xudt hién luc can ma sat phu
do quay, din t6i lyc can di chuyén
ting [én. Hién nay do chua c6 tai lieu
dé cap d€n lyc can phu khi quay
vong nén ¢d thé s dung cac sd ligu
ctia nganh van tai dudng sit.

Vi du: Cho co cau quay vong khong c6 kha ning lic quanh tryc ding, hé s8 can

chuyén dong do quay vong s& la:

0, = ¢

p

0,725 +0,47a

Hinh 4,21: Bwong di chuyén ciia co cdu
di chuyén quay vong c6 két cdu cimg

Al

Hinh 4.22: Co cdu quay véng 4 chan
twa voi kEt cdu mém.

3

I'ib

vdi: @y, - h¢ sO bam gira banh xe vd&i mat duong;
Iy - ban kinh quay vong trung binh;
S, a - khdu do va khodng cach truc banh xe.
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Cing c6 thé€ l1dy hé s& can phy nhu sau: Cin truc dudng sdt va cin tryc thdp
o, = 0,005; cén truc treo, dudng treo 1dy 0, = 0.015.
- B4n kinh quay vong nhé nhat.
D€ banh xe khong bi ket & doan ray
cong ban kinh duong ray khéng duoc

nhd hon moét gid tri cho phép. Banh xe I

di chuyén trén ray thudng cdu tao ¢é hai |

g ben ¢6 tic dung gidi han sy dich %

chuyén ngang do di chuyén lech hoic 0lF

do trugt ngang ctia banh xe trén ray. Al

Khi d6 s& ¢ su ti€p xiic gitfa vanh banh §é_, . figr

xe va ray ¢ vung chuycn ti€p gitra mit | ”'ﬁ;_ . ‘2'-
canh va mit dinh ray. O ving nay, ban %+ 28 |
kinh cong chuyén ti€p cda ray la r,, va

ctia banh xe '!d ry (hinh 4.23). Toy theo Hinh 4.23: Vet 1iép xic gita
gdéc di chuyén l¢ch o gitta banh xe vi g0 bdnh xe va rav khi quay véng

ray ma diém ti€p xiic B s¢ nim & mot

vi tri ndo do6 trén doan B B,. Mt cach gian ding coi B;B, 12 mot doan thing nim ngang
va ¢6 tung do ung voi di€m dudi cang clia ving chuyén ti€p cda ray (vang diu ray co
ban kinh cong r,).

Tor hinh 4.23 ¢6 cdc quan hé hinh hoc sau:

by
c = S +r.tgh;
7 18

dR

\/( ) (—+l)2. (4.39)

Gia str mdi chéan tya c¢6 | banh xe c6 kha ning lic quanh truc ding di qua A, (hinh
4.24a). Gidi han chGa bédn kinh trong dudng ray sé 1a:

1 ba Xl
> -—_— ————
r; > > (c + > bS) + ; b, i (4.40)
(C+ 7 - s)
vai b‘1 = bR + (da - dR)th

Trudng hop c6 nhiéu banh xe bo tri & | bén cda khung di chuyén, hoic trong cum
banh xe (hinh 4.24b), khodng cach gitra hai truc banh xe a s& quyét dinh gigi han bén
kinh cong cida ray. Gié thi€t cdc doan ray nim gita cac g& béanh xe Ia thing (B, - B,)
ta cO gid tri gdn ding nhd nhit cda bdn kinh cong trung binh ry, = (1; + r,)/2 sé la:

> 1+(bn2_"B)2 -, (4.41)
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4x’ +b;
4%" + b’

a

vai B =
b, +2x

8

Hinh 4.24: Ban kinh ray nhé nhdt; 1
a) Cho mdt bdanh xe (¢ la khodng cdch gika
By voi truc d6i xing cia mdt ldn bdnh xe):
b) Hai banh xe co lién kér ciing;
c) Banh xe o kha ndng gdy e ham.

o E 4
= T

g
Néu nhu bédn kinh cong cho phép qua Idn, trude tién cdn giam khoang cach truc a.
Ciing co6 thé ting chiéu rong mit lan chia banh xe by, gidm chiéu rong ray b, ting goc
m¢ vanh banh xe (tang b,) vi gidm chiéu cao vanh banh xe d,.
Néu nhu tryc 13c cdia banh xe hodc cum banh xe ndm & mot phia (diém A hinh 4.24¢),
¢6 thé xudt hién hién twong ty ham.

Ne&u bé qua anh hudng clia goc md B, ap lyc trén vanh banh xe s& la:

F.c
= 4.42
"o2x (4.42)
Hién tugng ty ham xay ra khi:
2F. + F; 2 F.

Thay luc cin do ma sit F, = f.F, va F, theo (4.42), ta c6:

F.e.f

+F 2F.

Néu bd qua thanh phédn luc can di chuyén do ma sat § truc va can lan F; ta ¢6 diéu
kién x4y ra ty him:

£ (4.43)
c

Trong biéu thirc (4.43), f 1a hé s6 ma sat trugt cia vanh banh xe vd&i ray, 1y bing
hé s& bam @,
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4.2.2. Co cau di chuyén bdnh 16p trén may xay dung

a) Cdu tao

Co cdu di chuyén banh 18p ciing nhu banh xich trén cac may xay dung déu phai dam
bao dugc kha ning co dong cao. DS 14 kha niang di chuyén mdy trong nhitng diéu kién
nén dudng phirc tap (dudng xdu, 13y 101, g gé) ma khong bi trugt.

Ngoai ra, co ciu di chuyén banh 18p phai ¢ kha niing co dong, linh hoat dé dap ing
yéu cdu lam viéc cia thié&t bi.

Co cdu di chuyén banh 16p dugc ding nhiéu & cac cdn truc ty hanh, may xic, may
cap, may san v.v... Cdu tao chung ciia né cting gidng nhur h¢ di chuyén trén 0 10 tai,
bao gém thi€t bi truyén e, cac banh xe, hé théng treo va hé théng diéu khién.

Trong nhiéu truong hop ngudi ta con st dung 6 to tai 1am mdy co sé& d€ 14p thiét bi
cong tic trén do.

Cac banh xe 14 bd phan truc tiép tdc dung lén mit dudng, gém cé 18p, xam, 40 xam
va vanh banh. Trén may xay dung thudng st dung cic banh lop c& 16n, c6 kha ning
chiu tdi cao, c6 gat 16p thich hop vdi mei dia hinh cong tac phiic tap, ddm bao bam tot
vd ¢¢ loai ¢6 thé tang gidm dugc ap sudt hoi trong banh toy theo sy thay d6i cia dia
hinh. Ngay nay ngudi ta con dung 16p khong xdm, hoi duge bom vao 16p, con 1op ép
chat vao vanh,

Duya vao 4p sudt hoi trong banh phan ra:

- L&p ¢c6 ap sudt cao: 0,5 + 0,7 Mpa;

- Lop ¢6 ap sudt thap: 0,125 + 0,350 Mpa;

- Lop c6 ap suat rat thap: 0,05 + 0,08 Mpa.

Ap sudt trong 18p cang thdp thi kha ning vuot
chudng ngai cang cao. Cac thong so co ban clua hé
di chuyén banh 16p 12 so d6 banh xe, s& truc chu
dong, su phan bo tai trong trén cac truc, dang va

.c‘\
¥ [ TITTTITITITITTTD

\

kich thudc 16p (hinh 4.25). 8
Lap ¢6 ap suat thap thuong cd ki hiéu 1a B-d. Hink 4.25: Cdu ta0
L(‘fp ¢O ap sudt cao ki hieu DxB va kich thude co ban cia [6p

s Ny . . 3 B: Chiéu réng;
Nhin chung trén mgt xe, dudrig kinh clia cic D: Duomg kinh ngoai;

banh xe déu bing nhau. Né&u tdi trong & clu sau  d: Duomg kinh trong; H: Chiéu cao
I6n thi dat banh kép. O may kéo banh 16p, do |
70 + 80% tai trong phan bd lén ciu sau nén cac banh chd dong & cdu sau phai lon. Tay
theo tai trong tic dung lén phin di chuyén ma mdy dugc trang bj hai truc, ba truc, doi
khi bon truc, cac banh xe duge 1dp kiéu banh don hodc banh kép.

O xe ¢6 hai truc (hinh 4.26a) dé c6 thé di chuyén dwoc trén dudong khong bing phing,
do doc 1on thi tat ca cdc truc déu duge ddn dong (hai cdu chld dong). Ching cé cau chi

183



dong kiéu 6 10 v&i bo vi sai ddm bdo quay vong cho xe. Khung dim cia xe thudng
duge treo cing hodc treo mém vdi clu sau, con & ciu trude treo qua cdu can bing (hodc
hé thong nhip).

0] may ¢6 ba tryc (hinh 4.26b), truc trudc ¢é cac banh 14i treo qua ciu can bing vaéi
khung ddm xe. Cau sau véi bon banh xe dugc din dong bdi hai ban truc va dugce chia
thanh hai c4u can bing, trén ciu dat khung ddm xe (hinh 4.27). Cic banh xe trong mot
cdu can bing dugc din dong tir truc ditng trung tdm 5 qua bd vi sai tru 2 va bo truyén
dong xich 7. O cic hé di chuyén din dong rigng thi m&i mot ciu can bing cia cdu sau
sé dugce din dong bdi mot dong co (co thé 1a dong co dién hodc thuy lyc).

ad

~ Hinh 4.26: So d6 dong hoc co cdu di chuyén bdnh 16p.
a) Hai truc; b) Ba truc; ¢) Cdu cén bdng; 1. Cdu truce; 2. Bo vi sai; 3. Cdu sau;
4. Hop gidm t6c; 5. Truc dimg; 6. Cdu cdn bdng; 7. B6 truyén xich; 8. Phanh; 9. Khung ddm.

. s

AL — R (Rl

/H‘ﬁ ‘Tl\d% 1 i Sl
Re—=c | AOT A | e
|

Hinh 4.27: B& tri bdnh xe trong mét cdu can bdng
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He truyén luc cla co cdu di chuyén banh 16p thuong c6 ba dang sau:

a) C4c banh xe cht dong dugc ndi cing voi nhau bing hé truyén dong co khi
(hinh 4.28a);

b) Céc banh xe chl ddng dugc ndi mém vdi nhau qua bd truyén vi sai (hinh 4.28b);

¢) Mdi mot banh xe chd dong duoc din dong doc lap bdi modt ddong co rigng
(hinh 4.28¢). |

o

LF} (——3-

C -ﬂ-

cy b

Hinh 4.28: So dé hé thong truyén luc co cdu di chuyén banh 16p
a) Khéng co bg vi sai; b) Co b vi sai; c) Véi dong co — bdnh xe; D — Dong co;
A, B. C- b¢ vi sai; E- Mdy phdt hodc bom thuy luc; G- Déng co dién hodc thuy lwc; T— Luc kéo.

Hai so 48 ddu dung cho cac xe may c¢6 din ddng chung tr mot dong co (thudng la
dong co A6t trong hay dong co dién) cho tit ci cdc banh xe. Con & so db thir ba s
dung ddng co dién hodc thuy luc, din dong cho tirng banh xe.

O co cdu di chuyén v6i truyén dong cing, khi di chuyén trén duong thing va bing
phing s& ¢2m bao 6n dinh ngang t6t va cho luc kéo cuc dai, han ch€ dugc sir trugt bam
gitta banh xe va dudng. Luc kéo chung bing t6ng luc kéo & mébi banh xe,

T = ZT]

Khi may di chuyén trén dudng vong xuit hién trugt, gay t6n hao 16n do ma séat. Ban
kinh quay vong phéi lon.

~ O co cdu di chuyén véi truyén dong mém (vi sai), cac banh xe ddng tryc c6 moémen
bing nhau va tri s& 16n nhit cia né duge xdc dinh tir trong lugng bam va hé 56 bam.
Khi nay hé sd bam dugc 14y theo gi4 tri nho.

Néu luc kéo dugc tinh ng véi gia tri nhé nhdt cda trong lugng bam va hé s6 bam
1a Ty thi téng luc kéo chung khi ¢6 n banh xe chi dong sé la:

T = n'Tmin'

Khi may di chuyén trén dudng vong, loai két cdu vdi truyén dong mém sé khong
xay ra hién tugng trugt cla banh xe.

Nhugc diém co ban cda co c8u di chuyén banh 18p véi truyén dong vi sai 12 khi may
di chuyén trén dudng cé didu kién x&u (vi dy khi xe vugt 8 ga hay di chuyén trén nén
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xau) va tai phan bd khong déu 1&n cac banh xe, s& tiéu ton vo ich mot phan coéng suit
dong co.

Nhuoc diém nay duoc khic phac bing cdch st dung khoa lién dong, trong trudng
hop cdn thi€t sé ndi cing cdc ban tryc chi dong clia bd vi sai lai voi nhau.

O céc co cdu di chuyén c6 t8 hop dong co - banh xe (so dé hinh 4.28c), gitra céc
banh xe khong c6 lién hé co khi, nhe vay méi banh xe ¢6 thé ¢6 luc kéo 161 uu voi gia
tri 1én va sir dung cong suit dong co mdt cach hop li.

TS hop dong co - banh xe dugce thyce hién véi viée bo tri dong co va hop giam tdc
bén trong banh xe hoiic bo tri bén ngoai banh xe. K&t cau ddu chi cé thé thuc hién duoce
& cac banh xe ¢é duong kinh 16n, s dung ddong co cé tdc dd cao nhung kich thudc nhd,
ndi v&i né la hop gidm tdc ¢o ti sd truyén 1on. Cdn 1am mat t6t cho dong co va hop
giam toc. Hinh 4.29 din ra k&t cdu cGa hai loai ddng co - banh xe khac nhau. O phuong
an mot (hinh 4.29a), dong co dugc ldp bén trong banh xe, phuong 4n hai, dong co dugc
tich ra khdi banh xe (hinh 4.29b). Caing cé thé lidp gitta dong co va hop gidm tdc bing
mdt bd bi€n toc thuy hre (hinh 4.30),

o pRe

(v }7’/{/’/\{(‘\1{1{{1{”1”’/’/‘-{
[

N7

Hinh 4.29: Két cdu cum dong co — bdnh xe
a) Pong co ddt trong bdnh xe: 1. Gid véi mdt bich 4 bdr voi khung ddm;
2. Ppng co ddt trong; 3. Hop gidm t6c; 4. Ong dé lam mat bdng khong khi;
5. Cita thodt khi; 6. O d bdnh xe; 7. Vanh bdnh xe voi vanh rdng trong: 8. Lop.
b) Péng co ddt ngoai; 1. Gid dé dé bdt véi khung ddm; 2. Déng co dién:
3. Hop giam tdc, 4. 6ng 16t ddn ddng véi vanh rdng trong: 5. O do; 6. Vanh bdnh xe: 7. Lop.
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Hinh 4.30: Bong co - bdanh xe voi bién 16c thuv luc.
I. Gia do; 2. Péng co dién; 3. Khop ndi; 4. Diwong dng dédn; 5. Gia do bo bién téc thuy liec;
6. Biinh bom; 7. Banh tudce bin; 8. Bdnl phan tng: 9. Truc ra; 10. Khép ndi rang diu ra;
11. Hop giam téc; 12 O‘n.g [ot déin dong vai vanh rang trong; 13. Vanh bdnh xe; 14. Lép.

Co cdu lai (chuyén hudng) cac banh xe quay vong trén co cidu di chuyén banh 16p
twong ty nhu co cdu 14 trén 6 t6. Cac bdanh xe quay vong duge ndi véi nhau bdi mot
co cdu hinh thang. C6 thé diéu khién co cdu nay nho hé tay don, hé thuy luc khong
bom va hé thuy luc ¢é bom.

Phin Ién cac may xay dung cé co cdu di chuyén banh 16p déu ¢6 hai phdn phan
quay va phan khong quay, do vay co cdu lii ciing c6 nhing dic diém rieng. O co cdu
lai biang hé thdng tay don (hinh 4.31), vo lang lai 1 quay, truyén chuyén déong qua xich
2 va bd truyén banh rang nén 3, lam quay béanh ring 4, sau dé truyén dén cac banh
ring 5-6 quay ty do quanh ngdng truc trung tam cta ban quay. Nho bdnh rang 6 dn
khdp vdi banh rang 7 va bo truyén 8-9, truc 10, ma tay don 11 quay, qua thanh truyén
12, tay don géc 13 va thanh kéo 14, co cdu hinh thang 15-16-17, lam cho cac banh xe
quay hudng. Khi phin quay cia may hoat dong, thi cac banh ring 5-6 van ding yén,
banh rang 4 lan quanh cac banh ring nay va do do voé lang | s& quay tu do. Cac banh
xe dan hudng chi quay khi ngudi 141 quay vo ling. Khi quay vo lang, phan quay ciia
mdy van ding yén.
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Hinh 4.31: Co cdu ldi diéu khién bdng tay qua hé tay don
I. V6 ldng Igi; 2. BO truyén xich; 3. B rruyén banh rdng non;
4,5, 6,7 8 9 Cdc banh rdng tru trong cdc cdp truyén dong;

10. Truc: 11. Tay don; 12. Thanh truvén; 13. Tay don gdc:;

14. Thanh kéo, 15, 16, 17. Co cdu hinh thang.

O cac méay niing, didu khién co cfu hinh thang bing hé tay dén s& doi hdi ti s& truyén
cda hé 16n va do vay vo liang 14i phai quay nhiéu vong, didu khién xe s& khong linh
hoat. Trong trudng hop nay thuimg sit dung heé théng diéu khién thuy lyc khong bom
(hinh 4.32).

Trén phin quay cia mdy coé try lai va cling 1a xi lanh 1, Ong 3 lién k&t vdi pit tong
2 va dai oc 4 tao thanh mot kh&i. Truc ren vit 5 dugc quay nhd vo ling 14i 6. Nho sy
dich chuyén len xudng cda pit tong khi quay vo ling ma diu sé dugc ddy di theo cic
duong dng 7, 8, qua bo ndi 9 (ndi phin quay va bé di chuyén may) vao cic dudng ong
10 ndm trong try ban quay va di d€n hai duong ong 11, 12 ndi vdi hai khoang cida xi
lanh thuy luyc 13. Tay diy 14 ndi vdi he tay don 15 va ndi véi 16 dé diéu khién co cdu
hinh thang 17. D€ ¢6 thé quay vong cung véi ddu kéo trong truong hop lai ddt may
trén dudng, co thé ndi thanh kéo 18 vdi tay don 15. Thanh truyén 19 s& lien hé diédu
khién vai ddu kéo. D€ dam bio su chuyén dong ty do cia diu cong tac giita hai khoang
cda xi lanh thuy lyc 13 khi lai dit mdy, nguoi ta mé khoa 20. Diu cong tac dugce bd
sung tir bé chita 21 qua van mot chidu 22. Sy quay vong cia céc banh 1di duoc thyc
hién nho quay vo lang, din dén sy chuyén dong tinh tién cia dai dc 4 va pit tong 2.
Hé thong diéu khién thuy lyc khong bom doi héi lyc dit vao vo lang lai ciing tuong
doi 16n, vi vay & cdc xe may c& 16n, nguoi ta con ap dung he diéu khién thuy luc co
bom (hinh 5.12), khi nay cic xi lanh cong tac diéu khién truc ti€p co cdu hinh thang
nh¢ diu c6 4p lyc do bom ddu cung cdp. Diéu khién sy lam viéc clda co cdu lai nho
cac van thuy lyc kiéu tay gat.
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Hinh 4.32 : Co cdu ldai didu khién bdng thiy luc khéng bom

b) Tinh todn co cdu di chuyén bdnh l6p
T8ng luc can khi xe di chuyén |
W = f,.Gcosa + Gsina £ P, + Py s (4.44)
Trong daé:
f, - he s6 can di chuyén;
G - trong lugng may va tai (néu cd);
o - géc nghiéng dudng;
P, - luc can gio6;
P, - luc can quan tinh khi di chuyén.
He¢ s& can di chuyén phu thudc vao tinh chdt b& mit nén hoic mit dudng:
Pudng atphan bé tdng f, = 0,015 + 0,0128. |
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- Dudng rii da f, = 0,035 = 0,04.

- Puong dat lay 16i f,=0,17 = 0,25.
Momen xoidn trén cic truc banh xe chd dong:
M = 0,5W.Dy,,
Hé s& an toan baAm cda banh xe vdi nén.
n =N(LW-—°::L)21.1+1,2;
Trong d6:

N - luc thdng dirng tac dung 1&n cac banh xe chi dong;

L, - hé s& bam clia cic banh xe chd dong vdi nén,;

f', - gid tri nhd nhat cda hé s6 cén di chuyén;

W . - luc cdn di chuyén lén nhdt khi di chuyén ngugce chidu gié.

Gia tri g, phu thudc vao tinh chat mat dudng. Dudng atphan bétong p, = 0,45 + 0,55;
dudng dat lay pu, = 0,1.

Trong trudng hop trén may ¢6 mot dong co ddn dong chung cho cé cdc co cau cong
tic va di chuyén thi cong sudt dong co cian duge xac dinh di cho ca hai trudng hop:
may di chuyén trén dudng vi khi cac co cdu cong tac trén may lam viéc (vi du: & céc
can tryc banh 16p hoac may xudc banh 16p v.v...).

4.2.3. Co cdu di chuyén banh xich
a) Cdu tao

Co cau di chuyén banh xich dugc st dung rit rong rai trén cdc mdy xay dung vi
mdy lam dudng, dic biét 1a cac may chuyén ding thi cong trén nén dat y€u. Co cau di
chuyén banh xich cho phép gidm 4p suét clia may xudng nén con trong khodng 0,04 =
0,1MPa (0.4 + 1 kg/cm?) va phan bd khi déu trén mit tua, nén thich hgp vai nén dat
y&u, khong bing phing. Bo di chuyén xich ¢ luc bam 16n, tinh nidng théng qua t6t, ¢o
kha ning vuot doc lon.

So véi di chuyén banh 16p, co cau di chuyén banh xich ¢é nhuge diém la trong lugng
ban than 16n, cdu tao phiic tap, ché tao, 1dp rap va sra chtra khé khin, cac chi ti€t chong
mon, luc can di chuyén 1dn, toc dd di chuyén cham (6 + 8km/h). Mdy ¢ tinh co dong
thap, khi di chuyén dé gay héng mit dudng.

C4u tao cda co céu di chuyén xich ddn dong chung (hinh 4.33) gdm bé d¢ ban quay
1 lien két cing voi khung di chuyén 2. O hai ddu ciia khung di chuyén 2 ¢ cac dia
xich hinh sao (banh sao): dia chd ddng 3 va dia bi dong 4. Cac dia xich nay in khop
vdi dai xich 5. Trong lugng cla may qua khung di chuyén 2 truyén qua céac banh ti 6
lén xich va tir 6 truyén xudng nén. Nhanh trén cda dai xich c6 cac con lan d¢ 7. Truyén
chuyén déng cho banh sao chi dong nhé bo truyén xich 8.
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Hinh 4.33: Cdu tgo co cQu di chuyén bdnh xich ddn dong chung cia cdn tryc — mdy xiic.
1. B¢ d& ban guay; 2. Khung di chuvén; 3. Pia xich chi djng; 4. Dia xich bi dgng;
5. Dai xich di chuyén; 6. Banh 1y; 7. Con lan d& xich: 8. Bé truyén xich,

Dia xich din 1 clia bo truyén xich ndi trén (hinh 4.34) dugc gidn trén truc ndm
ngang 2. Truc ndy dugc d¢ bdi 6 d¢ 3 va ndi vdi truc din 4 nho khép ndi vdu 5. Khop
nay cé thé gat vé vi tri an khép véi vau 6 dinh 6, ddm bdo ngdt truyén dong va phanh
ham céc dia xich 1 mot cach doc 1ap. Néu ngdt truyén dong ciia dia xich phia nao, may
s& quay vong vé phia d6. Dan dong cho truc 4 tir phidn truyén din chung & phin quay
ctia mdy dén tryc thing ding 8 (ndm trung truc quay cla phin quay) qua bd truyén
béanh ring nén 7.

CL

Hinh 4.34: Truc ddn co cdu di chuvén xich cia mdy xiic — cdn truc dén dong chung
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Hinh 4.35: Co cdu di chuyén xich vor ddn dong riéng cho ting ddi xich
a) Bong co ddt ngang: 1. Déng co dién; 2. Phanh; 3 Khop néi; 4. Hép gidm tdc bdnh rdng tru rang
nghiéng: 5. Bdnh sao chi dong; 6. Bdnh sao bi déng; 7. Bdanh dé; 8. Bdnh ti; 9. Cdu can bdng cho
cdc bdnh ti; 10. Xich di chuyén: b) Déng co ddr doc: 11. Bong co dign; 12. Khdp ndi va phanh;
13. Hép gidm 16c bdnh rdng tru voi truyén dong vi sai; 14. B6 truyén vi sai; 15. Phanh ctia b6 truyén
vi sai; 16. Truc cdc ddng; 17. Hop gidm téc bdnh rdng tru ndn; 18. Bdnh sao chi déng; 19. Bdnh

sao bi déng; 20. Xich di chuyén.

Céac mit xich cda hat dai xich dwugc
ché tao nho diic, rén, dap hay han. Nho
c6 bé mit ti€p xuic vdi nén I6n (hinh
4.36) ma ap luc cia xich lén nén
khéng lon.

Theo dac di€ém truyén dp sudt lén
nén, bd di chuyén xich ¢¢ hai loai: loai
nhiéu banh i va it banh ti.

O bo di chuyén it banh ti, khung di
chuyén gin tryc ti€p 1én cac banh ty co
dudng kinh lon. Do ap luc cia xich
phén bd 1en nén khong déu (hinh 4.37a)
nén loai nay it duoc dung.

B0 di chuyén nhiéu banh ti c6 4p luc
tac dung lén nén déu hon (hinh 4.37b)
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do tai trong truyén xudng
xich qua nhiéu diém. Cic
banh ti & loai nay cé dudng
kinh nhé hon so voi loai
trén.

C6 nhidu cach lién két
khung di chuyén vdi cac
banh ti.

O hinh 4.38a, cac banh ti
dugc 1dp thong qua cdu can
bing, nho vay cho phép
xich tiép xudc voi nén 6t
hon, dac biét & cac nén
duong khong bing phing.
Luc dugce truyén déu qua
cac bédnh ti. Mot dang ¢6 két
cdu don gidn hon la khung
di chuyén dugc tya 1én cic
banh ti théng qua cdc gdi d¢
truc (hinh 4.38b). C6 thé
thao trng cum bdnh ty ra
khoi khung di chuyén mot
cach dé dang. Bat tryc tiép
cac banh ti vao khung di
chuyén nhu & hinh 4.38¢ sé
gay kho khan cho cong tic
bao duong, thay thé vi vay
k&t cdu dang nay it dugc
dung.

Hinh 4.38: Cdc phuong dn
lién két giva khung di chuyén
va edc bdanh 1i
a) Ldp thong qua cdu
cdn bdng: b) Ldp truc bdnh
ti thong qua gdi do;
¢) Ldp triec tiép truc bdnh ti
vao khung di chuyvén
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Hinh 4.37: So dé bo di chuvén xich

va biéu dé phan bo dp liec trén nén,
a) Loai it banh ti; b) Logi nhiéu banh .
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b) Tinh todn co cdu di chuyén bdnh xich

Phan bg ap luc cida xich trén nén ia khong déu do hop luc theo phuong ding khong
ndm gitta tam cda dai xich va thuéng xuyen thay ddi vi tri do phdn quay clia may mang
thiét bi cong tac lam viéc. Gia st G 12 tai trong tdc dung 1én mot dai xich va ¢é vi tri
cach tam dai xich mot khodng A tinh trong mat phing doc (hinh 4.39a), tir didu kién
can biing momen cla lyc G va ap luc g, ¢6 phuong trinh:

Gl = 2q.L ;
3
Trong dé: q = L%QR :
Suy ra: G\ = b dp va Ap = 6G'}
' 6 b.1”
Ap luc 16n nhat trén nén:
Pmax = P + AP
. G .
Vai Pu, = E s€ co:
G(1+6. %)
P = 5] - (4.45)

Néu tai trong thing ding clia may }a 2G léch sang phai mot doan 13 e, thi luc G, tac
dung 1&n dai xich bén phai s& 1a (hinh 4.39b):

2G.(0,5.5 + ¢) = G,.S

" G, = 96+29
S
i e
1 ' =
T “_ T 2T J" T
& 1 |
Il N UJ_ ‘ l
Q
Wl 3 o l —— /! &
4 L/y Lz | ‘ S22 Sz ;J]
y: T
a)

Hinh 4.39: So dé xdc dinh dp luc trén nén ciia co cdu di chuyén bdanh xich.
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Ap lyc cyc dai trén nén & nhanh xich phai sé la:

P = 5 (14 ) (57 (446)

Trong cac cong thirc trén:

G - tai trong thing ding tac dung lén mot dai xich;

b - chiéu rong dai xich;

L - chiéu dai bé miit tra clia xich trén nén.

Khi may di chuyén thing, (dng luc cin di chuyén s& la:

W=W, +W, +W,+F, ; (4.47)

Trong do:

W s - luc can ma sat;

W, - lyc can do bi€n dang nén;

W, - luc cén do ddc nén dudng;

W, - lyc cdn gié.

- Khi may di chuyén, phai khidc phuc luc cin ma sat trong cac banh ti, & cac banh
sao chi dong, banh sao bi ddng va trong cic chot cla dai xich. Cac luc cdn ma sét nay
duge quy vé thanh mot lyc cin ma sat tap trung W, va dugce tinh nhur sau:

W = G.cosa.0 = 2G.cosa.@

@ - hé $6 cin ma sat; o = 0,05 + 0,07 tay thudc vao loai nén;

2G = G, - téng trong lugng may;

a - géc ddc nén dudng. Khi di chuyén khong mang tii, thuong o = 20° cac cén truc
xich di chuyén ¢6 vat nang, o = 3°.

- Luc can di chuyén do bi€n dang nén:

Wy, = §,.2Gcosa
f, - he s6 cdn, dugc xdc dinh nhu sau:
f, = 0.09 + 0,12 d6i voi dudng cat két (sa thach 4m wot)
f, = 0,1 + 0,15 d6i v&i dudng cat roi
f, = 0,05 + 0,06 ddi vai dudng da rai nhya
- Lyc céan doc
W,y = 2.Gsina.

Khi tinh todn co cdu di chuy&n xich, cin phai ké dén trudng hop quay vong. Chuyén
dong quay vong cla bd di chuyén xich ¢6 thé thyc hién bing ba cach sau: chuyén dong
ctia hai dai xich hai bén c¢ téc do khac nhau (trudng hgp dén ddong riéng va cé kha
niang thay d8i mém tdc do di chuyén), phanh ham mot trong hai dai xich va chuyén
dong cia hai dai xich nguge chiéu nhau. Trudng hop thd nhat, may quay quanh tam
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ndm & phia bén hai dai xich. Trudng hop thit hai may quay quanh tam ndm & trén mot
trong hai dai xich va truong hop thit ba quay quanh tryc diing ndm gitta cac dai xich
(quay tai chd).

Thuc t€ thuong gap trudng hep hai. Khi di chuyén quay vong, médy quay quanh tam
khong tring vdi truc cha néd. Sy quay vong dugce thuc hién nhd sy trugt ciia dai xich
trén nén. Xuét hién luc ¢idn do ma sat truot cia dai xich véi nén.

Phan bd lyc cdn ma sat trugt clia xich theo hudgng chuyén dong ciia né:

dW, = f.p.b.dy ;

Trong do:

f - h¢ s6 ma sdt gita xich vdi nén;

p - 4p luc xich trén nén;

b - chiéu rong dai xich.

Momen can clia luc ma sit ddi vdi tim quay khi may quay vong

12 ,
M, = 2 [fpbydy=f.BBL _ ¢ GL,
4 4

o

Trong d6:

G - tai trong thing dung clia may tdc dung lén mot dai xich;

L - chiéu dai dai xich niim gitta hai banh sao chd dong va bi dong.

Luc cén di chuyén quay vong khi quay xung quanh tam ndm & dai xich dugc phanh:

My fGL
B 2B °

B - khodng céch gitra cic dudng truc cha xich.

W, = (4.48)

Tdng luc can di chuyén khi quay vong
W=12W +W,t W, + W, tF, (4.49)

Trong cong thirc trén, hé s6 1,2 k€ d€n ma sat & mit diu clia cac banh ti vai céc
mat xich.

§4.3. CO CAU QUAY

Cac may xay dung nhu cin truc, may xidc thudng cé hai phan; phin quay va phin
khong quay. Trén phdn quay b6 tri cdc thi€t bi cong tac. Gita phdn quay va phan khong
quay clia may dugc lién két véi nhau biing thi€t bi tua quay. Nho ¢6 thiét bi tya quay
ma phin quay dugc ldp trén phdn khong quay va cé thé quay quanh truc ditng mot cach
nhe nhang. Thong qua thiél bi tya quay, tai trong dugc truyén tir phiin quay xudng phén
khong quay va tir d6 xudng nén. Ciu tao va tinh 104an thiét bi tua quay c6 thé xem & §3.4.
Co cdu din dong tao ra chuyén dong quay goi 1a co ciu quay.
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4.3.1. Ciu tao chung co ciu quay

Can cir vao khau truyén luc cudi cung d€n phdn quay, co cdu quay dugc chia ra ba
loai sau: Co cidu quay vdi truyén dong banh riang, co cdu quay véi truyén dong cap va
co cdu quay kiéu banh xe din. Co cdu quay véi truyén dong banh rang duge st dung
phd bién trén may xay dung (hinh 4.40). Pong co va hé thdng truyén luc thudng duge
dat trén phdn quay cia may. Banh riang din cudi cung cia xich dong hoc sé an khdp
vdi vanh rang 16n gdn cd dinh trén phin khong quay. Khi hoat dong, banh ring chd
dong quay, lin quanh vanh ring c¢d dinh, kéo theo phin quay chuyén dong. Trong mot
6 truong hop, co ciu quay cé thé dugc dit trén phan khong quay cda may. Khi nay
vanh ring 16n dugc gin trén phin quay (hinh 4.40¢). Téc do quay n, duge chon tay
thudc vao nang sudt ciia may. Tuy nhién néu dung t6c dd quay ldn sé& phat sinh ti
trong quan tinh lon. Toc dd quay cia phin quay trén cic mdy xiic, cdn truc hién nay
niam trong khoang 0,8 + 3,5 v/ph. D€ ddm bido t6c dd quay n,, h¢ thong truyén dong
co cdu quay phai cé ti s6 truyén rit 16n, khoang 200 + 1000. D€ thuc hién (i s6 truyén
co cdu quay, thuong dang két hop hop giam td¢ ¢ ti s6 truyén 50 + 250 va cdp banh
ring dn khdp (banh din - vanh riang lon) ¢6 ti s6 truyén 9 + 12. Hop gidm t&c thuong
dung trong co cdu quay 12 hdp giam tdc banh vit ¢6 ti s6 truyén cao va kich thudc nhd
gon, song hiéu sudt thap. Hop gidm téc hanh tinh mic du ¢é yéu ciu cao vé do chinh
xac trong ché tao va ldp rdp, ciing nhu ¢6 ciu tao phirc tap song hién nay dugc dung
nhiéu do c6 ti s8 truyén cao, kich thudc nho gon va hiéu sudt cao (hinh 4.41).

Hinh 4.46: So d9 co cdu quay

a) Co cdu quay ddt trén phdn quay véi hip gidm
téc bdnh vit truc vit; b) Co cdu quay ddt rén
phdn quay véi hép giam toc bdnh rdng non;
¢) Co cdu quay ddr trén phdn khéng quay;
I. Vanh rdng Iém; 2. Bdnh rdng dén; 3. Bdnh
vit, 4, Truc vit; 5. Khop ndi c6 mémen gici han;
6. Lo xo khop néi; 7. Dong co dién; 8. Phdn
quay cua may.

O mot s6 co cdu quay con dung ca hop gidm tdc banh rang tru thuong (hinh 4.42),
hop gidm t6c banh ring try - banh rang nén (hinh 4.43). Néu diéu kién cho phép, c6
thé b6 tri co cdu quay cé dong co dit nim. Bo tri co cdu quay cé dong co dit ding ¢6
két cdu gon hon.

Pong co dit dung dugc 1dp trén hop gidm tdc bing mit bich (hinh 4.41 va hinh 4.42).
Dé thuan tién cho viéc ga dit va ldp rap, trong co cdu quay dit dimg, phanh co khi hai
ma cé két cdu dugc thay déi doi chiit so voi cac phanh tiéu chudn thong thudmg.
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Hinh 4.41: Cor cdu quay vai hop giam téc hanh tinh. dong co dar ding

a) Hinh chung: b} So dé truyén déng.

1.4, 7 — Cdc bdnh rang trung 1ém; 2, 5, 8 — Cdc bdanh rang vé tinh;
3, 6, 9 — Cdc vanh ring c6 dinh; Hy; Ha; Hv - Cdn:

10 — Bdnh rdang din trong bé truvén cudi cing.

Céac co c8u c6 cong sudt 1on ¢o thé phan
thanh nhiéu co cdu din ddng nhdé. Méi co cdu
nhd do déu cé mot banh ring din in khép
chung vdi vanh rang 1dn.

Hinh 4.42: Co cdu quay
vai hop gidm t6c banh rang
rru Hueomg, ding co ddt ding
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Hinh 4.43: Co cdu guay voi hop gidm téc banh rdng tru — non, dong co ddit ndm
1. Thiétr bj tea quay véi vanh ring dn khop trong: 2. Pong co dign, 3. Khop néi vong
dan hdi va phanh hai md kidu dién — thiy lwc; 4. Hop gidm 10c bdnh rdng tru — non;
5. Khap noi dia; 6. Truc dan; 7. Goi do truc; 8. Bdanh rang ddn.

4.3.2. Tinh todn co cidu quay

Phan nay trinh bay tinh todn co cdu quay cho can truc, mot loai mdy ma co cilu quay
dugc sir dung 1a phé bién.

a) Lwc va mémen & cdn va vdr nang khi co cdu quay lam viéc

Trong thoi ki chuyén dong khong 8n dinh, & phan t& khoi lugng dm cla cin (tuong
trng vd&i phan td dién tich dAy,,) - (hinh 4.44) ¢6 cédc lyc phan 1o sau:

d.a - trong luc do gia toc trong trudng gay ra;

dya - luc quén tinh tiép tuyén do gia tdc chuyén dong quay khi mé may hoic phanh
co cau quay;

dF,, - luc qudn tinh i tam;

dF,_, - luc quan tinh Coriolis, chi xudt hién khi ¢6 chuyén dong nang ha cin xay ra
déng thoi voi chuyén dong quay quanh truc ditng;

dF,,A - lyc gio. Lyc gio dF, 4 dugc 1dy theo hai truomg hop: gié ndm trong mat phing
ding chira cén, hodc gi6 nidm trong mit phdng ngang chita cin.
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Hinh 4.44: Luc tdc dung 1én cdn khi quay quanh truc dimg
a) Cdc luc phan 16; b} Luc va bdn kinh quy 401

Tuong ty nhue & co ciu nang cin, khéi lugng phan bo clia cdn cé dang hinh thang
voi he 56y = my/m, vay = Ak /Ay

D€ tién trong tinh todn, cdc mdmen d8i vdi truc quay trong cac mit phing cda cic
lye thanh phén, tac dung 1&n cin va vat nang khi co cdu quay lam viéc, dugc quy déi
vé céc lyc tap trung va ing vai nd 1A cac ban kinh quy d6i r (hinh 4.44b).

- Trong lugng ban than can:

Trong lugng cdn F., = m,.g va khoi lugng chung 12 m,. Ban kinh trong tdm céan
s& la:

f,a ™ |x.dm = — |x.m.dx;
m, my
T
lep = 2 Ix[r x+y(x—-r1)]dx ;
AT - — 1 s
T (-
= 30 +7) [r+2r, +y2r+1,)} . (4.50)

- Lyc quan tinh ti€p tuyén khi mé& mdy hoac phanh co ciu quay véi gia t6c y:
Phuong trinh mdmen quén tinh:
My, = {l}-JA\u;
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v&i momen quan tinh kh&i lugng cla cdn d8i vdi truc quay:

T T
, 2m
Jay = r;[x‘.dm = r;[ xm,.dx= (1"'7)(: o) - IX [r—x+y(x — )] dx
%[I’z+2rr +32 + Y0P + 21.5, + )] (4.51)

Tich phan phan td luc dF,, theo chidu dai cdn sé& dugc luc quan tinh ti€p tuyén:
Fb}\ = J‘deA = WIde = ll] J.X.—l'ﬁx.dx
T, T, T,

2.m,.

= —~ ~-r)ld
(1+v)(r~ro)2j"[‘ X +y(x — 1)) dx

My
= 3—(1—“5 [t+2r,+v(2r+r1)]. (4.52)
Chi ¥ ring My, = Fya.rpa va tr (11.12), (11.13) nit ra:

_ Mpa 1 P2+ 302+ 930 + 2rp + 1))
foa™ Foa 2 r+2r,+y(Q2r+r,)

- Lyc quan tinh li tam: Mdmen cda lyc quén tinh li tam F,, d&i v6i chot chan cén

c6 thé 14y theo (4.80) va khi nay khong k€ dén lc quan tinh li tam do kh6i lugng vat
nang gay ra:

(4.53)

m, .y’ tgg
6(1+7y)
Luc quén tinh li tAm do khdi lugng cin gay ra la:

Mpa = (r-r1,) [T+ r, +y(3r + )l

Foa = J'deA = \i;z Ix.dm = \iJZJ‘x.“rﬁ,.dx
I, T, Ya
‘2
_ My
= 31+ )[r+ 2, +y (2r+ry)l. (4.54)
Mit khac co:
M,
(rpA - ro) tgp = F a
pA

Cudi cing, banh kinh quy d6i sé 1a:
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Mpa

] ) 2

I +rr,+r, +3y.r
po= o¥lo T ¥ (4.55)
Foatge 2 r+20,+v(2r+rg)

I'pA

- Lyc quén tinh Coriolis:

Khi mot khdi luong tham gia ddng thai hai chuy@n dong huong kinh sé& xudt hién
gia toc Coriolis. Co cdu quay va co cdu nang ha can cung lam viéc dong thai, cac toc
d6 gdc sé tao ra luc Coriolis, (hinh 4.45a):

dF., = 2.y.9.tge.(x — r).m.dx

Momen d8i v&i truc quay:

r

M., = Ix.chA = 2.4.Q.tgo. A

r

. jx(x —rr—x +y(x—r,)} dx

f A+ E-n) 5,
= DA VOB =) [y | y3r ) (4.56)
3(L+v)
Luc tap trung
r r
For = JdFr = 245180 — 2

TRy (x—r.) [r—x +y(x —r,)] dx
Iy +Y I‘_ro Ty

= 2 mygtep—r,) . 12 (4.57)
3 I+y
Ban kinh quy ddi:

r :MCA_‘: 1
A Fa  2(1+2y)

gty 3r+rp)] (4.58)

- Luc gidé: Vd&i gia thiét la dién tich chin gi6é cla cédn ciing ¢6 dang phan b& hinh

thang nhu phan bd khi luong, ké ca & 2 mit phdng, theo hai phuong tdc dung cia gié
(hinh 4.45b).

Momen cia luc gié d6i véi truc quay clia may sé la:

r

—_ 2A,,4.9.cO
M, = J.xdeA = Ix.wa.q.cosw.dx = ALY

: ) U7 (1) : X[r—x +y(x — r,)]dx
= Aur 4O 1y o T )] (4.59)
3(0+y) ' )
Luc gid sé la:
Foa = Aya.q.cOs y ; (4.60)
Trong do:

A,a - dién tich chdn gié cla cin;
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q - 4p luc gi6 tinh todn;

>

A, Auk, Ay, ¥ - tham khio §4.4, trong d6 y = KWK 14 ti s& dién tich, so sanh giira
WO
dinh cin va chéan can.
Ban kinh quy ddi sé la:
M, _
= o b priop ay@ren)l 4.61)

L=
A Fea 3(14Y)

- Céac lge tac dung lén vat néng trong qud trinh co cdu quay lam viéc duoc md ta &
hinh 4.45¢c. Cac lyc dé duge dich chuyén vé ddu can. B qua su xé dich cla tdm vdi
Ar, do goc nghiéng clia cdp gdy ra, khi tinh todn céc tai trong quan tinh Fy, F. va F,.
Coi vat nang cd khdi lugng tap trung tai mot diém.,

V&i cac gia thiét trén, bd qua luc gid va lyc quédn tinh Coriolis, ta ¢6 thé xac dinh
duoc goc léch cap:

34

- .
) .g— K [\
[gﬁr: _rgf tgﬁt—izl !

F
F, ’

va tri s6 xé dich tam vdi:

Ar = I sinB, ~ I.tgB, (4.62)

it

‘--1
o .
12

Cac lyc tinh todn tap trung tac dung lén can va vat nang, khi co cdu quay lam viéc,
va ban kinh quy d6i tuong ng duge din ra & bang 4.6.

]

(AL,

rir_— — T
P'( fjﬁgrﬁvﬂfp&
) FarherFy

Hinh 4.45: So d6 lyc tdc dung lén cdn khi co cdu quay lam viéc
a) Cdc téc d6 & cdn; b) Luc gié phdn 16 trén cdn; ¢) Luc tdc dung fén var nang.

203



4
h soobly M sorb ¥y [C1+IDA+ "7 + 1] mﬂwﬂ@ MsoobVry (‘1+1) M m 913 o]
A+ €
duis¥ibh Pz = Vin & =
IOATMZ = | ey uisOhYW 2 Gz+1z | odusonvw = £ sHouo)
th - hvnku X L+ l ¢ _ﬂﬁo._ + umu A+ + ...__ 1 .Aa vn_uwo,u}e. °y 4+ 17 2 yup ﬂ_w—._o
- 1 - DoHidhvu = 1= HoaionTw ’
otz | gy (10BN
A o o )
ArOw i ( ”:m .< :tm: taeHiT C143) .N< i ?W% P g 1|
. (1 + 1) + 1 +:ﬂe w AMe+a+1+ a1 AV A+ L+ yun ugnd)
A 10w G+ [C1+ 1)+ 17 + 1) 14 1) ré ‘141 w Q updmy dan
" [Cr+1DA+ag + 2] -V | Cr+°ug + JEA +JI¢ + g + 4 MV A+u+ 3T yun ugnd)
A
30w gVYu [C1+ 1A+ %17 + bﬁv!m Y ‘1+73) m 2 oh[ Judiy
_ 4 X 4 - Buey qugy £ dongpoquend LI L oe
(1 ="1) Bugu 1gA ©q ugyd 3udn 1YY 104 UED Jubny rouy WA UED | I

2314 we] Aenb ned 00 1Yy 3uru 18A €A m_mo u3f Sunp >¢) 3unyy deéj ueoj yuyp ang 2e) 9 Jueyg

204



b) Tai trong tdc dung lén thiét bi tuwa quay

Khi tinh toan TBTQ, cin phai biét céc tai trong thing ding, tai trong ndm ngang va
momen tac dung l1én phin quay cia may. D€ d& hiéu, hinh 4,46 dua ra mot vi du vé so
dd lyc téc dung lén thiét bi tya quay kiéu cot cia mot cin tryc cang.

Céc tai trong tac dung lén phan quay dugc mo ta trong khong gian véi cac mat phing
toa do la V,, V,. Bé qua céc tai trong tir lyc quén tinh li tam, quan tinh ti€p tuyén va
quan tinh Coriolis do khdi lugng cdt gay ra khi quay. Cac lyc ma sat, géc nghiéng cda
cOt do nén va dao dong 14c cia cap nang vat cing khong dugc ké dén. Trong mat phing
ngang c6 ké d€n luc vong an khop cia banh ring véi vanh rang F,.

<
C
T |
i !
|
TS | '
l?\ fas !
A |
! »-uﬁ
! s o Q& |
| EAN- Fs |
i . |
| > i
3| il
" Y. = £ .5 ¥
<& t:"“' ’<¥ % =0 :
1 - 2 |
) v
i 15 l --::i L I
[
AR R AN
4 -
L -
Nip =it
<. . ~~ 7.7
3 ST AL r\
] - ]
>/ z‘

Hinh 4.46; So 46 luc tdc dung lén TBTQ ki€u cot
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M, 1,1
Fo = — = Fg, = Fgutga,: (4.63)
ds

Trong do: )

M,, - mdmen mé may clda ddng co co cau quay;

ig, Mo - ti $0 truyén va higu suit truyén dong chung co cdu quay;

dg - duéng kinh vong chia vanh rang 16n;

o, - gbc an khép cia banh ring.

Khi co cdu duge din dong bdi nhiéu ddng co riéng biét (trong vi du nay la 2 dong
co), lyc vong F; duge phan déu cho timg cum din dong.

Diém dat luc tac dung lén cdn va tri s8 cla cac luc dugc 14y theo bang 4.6.

Téng momen doi v&i cac truc sé 1a:

M, = XF .hy + 2F,;.h,; £ Foohg

My = EFCK.rEk + ZFp]‘hpl + FG['hG . (464)
Luc thing ding tac dung lén gdi tya duci:
F, = F; = X F, (4.65)
k

Ap luc 1&n cac con lan cla vong tua phia trén dugc riit ra tir cac phuong trinh can bang
h(F, - Fy)siny = M,, h(F, + F))cosy = M, ;

s€ la:
M M
F, z‘l”(—L— .x) ; (4.66)
2h\ cosy  simy
F-) = L(ML + Mx) .
2h\ cosy  siny

Luc ngang tic dung vao goi tua dudi:

Fon = VF3+F§, Vol :
1
: g{% Fek.rek+ZIIF.,,.(hp,—h)iFm(hG—h)} :

"7
It

F,

ﬁ{}: Fyi . (b — B) + 2 Fy.(hy,; — h) + Fo,.(hg - h)} (467
i j

Khi tinh todn, cin chd y chon vi tri chia cdn (g6éc nghiéng cin @) la bat loi nhar d6i
vGi timg bai todn cu thé,
c) Chon déng co va phanh co cdu quay

Trong thdi ki chuyén dong khong 6n dinh cla co cdu quay, momen can dong lon
hon momen can tinh rdt nhidu (c6é thé tir 3 dén 10 14n), thoi gian md may khd kéo dai,
ti 1& géc quay khdi dong so voi goc quay lam viéc trung binh thuong la cao, do d6 dong
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co phai 1am viec & ché do mé méy nhiéu thoi gian. Clng gidng nhu co cdu di chuyén,

cong sudt tinh toan d€ chon dong co co cdu quay, ¢6 k€ dén phin cong sudt dé thing

mdmen can ddng va duogc tinh nhu sau:
Mt M+ M+ M)
" 9550(0.6-0.7) Ymaxflo *

kW (4.68)

Trong do6:

n, - tdc do quay clia phin quay can truc, v/ph;
1, - hiéu sudt truyén dong chung clia co ciu;
Wpmax - D€ s& mOmen 1on nhat cla dong co;

M - momen can quay, Nm.

Momen cin ma sit trong TBTQ duogce xac dinh theo §3.4. Cac thanh phin moémen
can cda luc quan tinh M, momen can do gié M,, duoc xac dinh theo cich thic &
muyc trén. _

Momen cén do goéc nghiéng mat duong M,, dugc xac dinh tr cong dé nang hodc ha
khoi luong cha phdn quay my,, dit tai trong tdm phén quay, khi quay quanh tryc cia né
mot géc dy (hinh 4.47). Gia sir khoi lugng mp, quay quanh truc mt géc dy, quang dudng
dich chuyén tuong ung trén mit nghiéng cé goc nghiéng o s¢ 12 rp.cosy.dy, ciing cé
nghia 14 khoi lvong mp duge nang hodc ha mot dd cao la dh. Ta cé phuong trinh:

Mﬂ'dw = FD.dh
Vi chi y:
dh = dy.cosy.rp.sina
M, = Fp.arp sinc.cosy (4.69)

Tir (4.60), (4.61) va (4.69), cho thdy momen can quay do gié M,, va do d6c M,
phu thudc vao géc quay y va dat gid tri cuc dai khiy =0+ 2k, O vj tri nay phuong
cha can vuong géc voi phuong nghiéng cta nén.

" o
A o
lFD ¥

¥V = o,

o))
a)
Hinh 4.47: So dé tink momen can déc Mg
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Viéc chon dong co duoc ti€n hanh theo cac bude & §2.2, véi chu y 1a: khi kiém tra
théi gian m& mdy dong co, momen mé may c6 ké thém dén thanh phin do quén tinh
Coriolis gay ra.

Trong thoi ki phanh, cic momen quan tinh lam cho hé thong tiép tuc chuyén dong,
moOmen ma sat can tré chuyén dong, gilip cho qua trinh phanh, do d6 mémen phanh
can thi€t trén truc dit phanh duoc tinh nhu sau:

M, = B(~Mp+ My + M, + Mp). M (4.70)
Iq

Trong dé6:

B = 1,1 - hé s§ tinh dén quan tinh cdc chi ti€t miy quay trong co ciuy;

ig. Mg - ti 80 truyén va hiéu suat truyén dong tir truc quay cla mdy dén truc dit phanh.
Néu phanh dat trén truc dong co thi ¢6 i, = i, va ng = 7,

Gia tri cda momen do lyc quan tinh M, trong cic cong thic (4.68) va (4.70) duoc
tinh @ng véi thdi gian mé mdy, hodc thdi gian phanh chon so bo theo bang 4.7.

Gia tdc goc:

o do NG
Y7 301,

Qué trinh m& mdy va phanh co cdu quay hoan toan twong ty nhu co cdu di chuyén
vé cac phuong trinh chuyén dong, céing nhu biéu thirc tinh toan thai gian mé may hay
thoi gian phanh. Tuy nhién can lvu y la thanh phin moémen dong ¢é gia tri rat ion, do
d6 qua trinh m& may va phanh ¢ co ciu quay thuong kéo dai hon nhiéu.

Biang 4.7. Théi gian mé may (thoi gian phanh) co cau quay

Tam véi Ion nhat L, m 5,0 7.5 10 15 20 25 30

Thoi gian md may Crmin 1.0 1.5 2.5 4,0 6.0 8.0 10,0
hodc phanh t, s

Ui 4,0 6,0 8,0 10,0 15,0 25,0 30,0

Trong bang 4.7 gia tri t;, dugc tinh trong truomg hop khong ké dén luc gié va do
nghiéng mit nén, con t,,, c6 ké d€n luyc gié va do nghiéng mat nén.

§4.4. CO CAU NANG HA CAN

4.4.1. Cau tao chung

Co cdu nang ha cin dung dé thay d8i géc nghiéng clia cdn va nhér d6 thay doi tdm
vai clia cdn truc, may xic v.v... TAm véi 1a khodng céach tir truc quay cia may dén tam
méc treo hodc glu xuc. Khi thay d6i goc nghiéng cin, tdm vdi cing thay déi theo.
Gidng nhu co cdu ning vat, khi lam viéc ¢ cdu nang ha cin chiu chd y&u tai trong do
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trong luong vat nang (gdu xic), va trong legng ban than cda cin gay ra. Sy khac biét
cla co cdu nang ha cin so v&i co cdu nang vat la ngoai luc tac dung lén thiét bi cong
tac (tang cudn cip) khoéng phai 12 hiing s6 ma thay déi theo géc nghiéng cén, vi vay
viéc tinh todn co cdu nang ha cin so vdi co cdu nang ¢6 nhidu diém khic biét.

C6 nhidu cach nang ha can khac nhau. Hinh 4.48a moé t4 so 48 co cdu nang ha cin
dung truyén dong cap. Pa liang cdp duge ndi véi cdn nhim muc dich gidm luc cing cép
& nhanh cudn lén tang. C6 thé ndi truc ti€p pa lang cap vdi ddu cdn, doan gilta cin
ho#c ndi véi diu cdn thong qua nhanh cap treo. S& dung cap treo giam nhd dugce chidu
dai va trong lugng cda cap nang ha can. Boi suit cia pa lang cap nang cin dugc xic
dinh sao cho ¢6 thé ding cung mot dudng kinh cép véi co cdu nang vat, do do cé thé
dung cing mot loai cap, mét loai puli va cung mot loai céc chi ti€t kep cap v.v... Viéc
nang ha cdn ¢6 thé thyc hién bing cac phuong phap khic, khong dung truyén dong cap,
ma bing cdc co cdu truyén dong co lign két citng véi cin.

Co cdu banh riang thanh rang (hinh 4.48b) c6 cdu tao don gidn, trong lugng nhd, ré
tién, nhung khi lam viéc gay 8n. Trong thyc t&€ ngudi ta con st dung co cdu nang ha
cidn diong truyén dong vit dai dc¢ (hinh 4.48¢). Loai co ciu ndy dugc dung nhiéu & cac
cin truc 16n vi du nhu; cac cdn truc ndi, cdn truc cang, cin tryc phyc vu & céc nha may
dign v.v... '

Céc cén truc 0 to, cin truc banh 18p, cac may xic thiy lyc va cic may dung truyén
dong thdy luc khic, ¢6 co cdu nang ha cdn bing cac xi lanh thdy hye (hinh 4.48d). Viéc
bd tri cac xi lanh nay cdn ddm bao tay ddy cla né khong bi udn. Dé tao luc diy lén,
thudng bd tri hai xi lanh cong tac dat song song.

A7

Hinh 4.48: So d6 nguyén li cdc phwong phdp ndng ha cdn
a) Ndng ha cdn dang truvén dong cdp; b) Nang ha cdn bdng truyén déng thanh rdng bdnh rdng;
¢} Ndng ha cdn bdng truyén dong vir dai oc; d) Nang ha cdn bdng xi lanh thiy luc.
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Cau tao chung ciia mot co cdu nang ha cén diung truyén dong cép trén cin truc duge
md ta trén hinh 4.49.

Hinh 4.49: Cdu tao chung co
cdu ndng ha cdn
1. Cdn chinh; 2. Dogn cdn phu;
3. Char chan cdn; 4. Cdp treo
cdn; 5. Palang cdp ndang hg
cdn; 6. Tang cudén cdp ndang
cdn; 7. Dong co va hé truyén
dong co cdu ndang cdn; 8. Toi
nang vdr, 9. Toi ndng cdn phu,

Khi tang nang can 6 nha cép, do trong lugng ban than can va ca vat nang, can | sé
quay quanh chot chan cin theo chiéu ha, dwa ddu cin ra xa tim may, khi nay paliang
cdp nang cin 5 dan dai ra. Cho tang 6 cudn cap, paliang 5 co lai va kéo can lén, ddu
cin ti€n vao gin tam mdy. Co ciu nang cin phu 2 cing hoat dong tuong ty nhd tang
9. Tang cudn cap ning can, dong co va hé truyén dong clda né c¢é cau tao hoan toan
gidng t&i ning vat.

Khi thay déi tdm v&i bing cdch nang ha cdn, ngoai viéc vat nang dich chuyén ra xa
hoic vao gin tdm quay ciia may, né con bi dich chuyén lén xudng ngoai y mudén trong
mit phdng dimg. Sy thay ddi do cao clia vat nang trong qua trinh thay d6i tdm v¢i lam
cho dong co din dong co cdu lam viéc khong 6n dinh do cong suat can thay doi, gay
khé khan cho nguoi diéu khién may, dic biét khi tién hanh cac cong viéc ldp dat bing
can truc.

Co6 nhiéu phuong phap khic phuc nhuoc diém trén nhim dam bao dich chuyén ngang
vat nang trong qua trinh nang ha can. Phuong phip thuong dung & cac can truc thap la
lien két palang nang cdn vdi paling nang vat hodc lién két toi nang cdn véi toi ning
vat. Trén so d6 lién k&t hai paling cap (hinh 4.50), cdp nang vat | mot diu duogc cudn
vao tang ning vat 2, con diu kia binh thudong dugc ¢ dinh vao can thi & day lai duoc
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cudn vao tang nang cin 3 theo chiéu nguoc véi nhanh cdp nang can. Diu can dugc
nang lén, nhung day treo vat dai ra, bu lai d9 cao thém ra clia dau cdn. K&t qua la vat
ning vin & dd cao gin nhu khong déi. Bing cédch tinh todn hep 1i phoi hgp boi sudt
hai palang, duéng kinh va bién dang thich hop cla tang nang cédn, ¢6 thé ddm bioe vat
nang dich chuyén ngang khi nang ha cin.

O co cdu lien k&t hai toi nang (hinh 4.50b), tang nang cin 8 dugc din dong tir tang
nang vat 9 thong qua li hop ma s4t 11, diéu khién bing nam cham dién 10. Chiéu cudn
lén tang cia day cdp & hai t&i nguge nhau, nén khi tang 8 quay, nang diu cin 1én, tang
9 guay cung chiéu va nha cdp ra, ha mée xudng.

O cdc cdn truc chan d&, cin truc ndi, do ¢6 chidu dai tay cdn va site nang lon nén
vigc khdc phuc su thay déi do cao vat nang ngodi y mudn khi nang ha cdn 1a rdt cdn
thi#t. Phuong phéap didm bdo dich chuyén ngang vit nang ciing nhuwr can bing trong lugng
dan cdn khi nang ha cdn & cdc cin truc nay cé thé tham khio & §20.1-111.

.2
4 3

5

6 g

A
. [
7 ; ; 8

a) P Py

Hinh 4.50: So d6 cdc co cdu lién két paldng (a) va lién két toi (b).
1. Cdp nang vat; 2. Toi ndang var; 3. Toi ndng cdn; 4. Cap ndng cén;
5. Cdp gidng; 6. Cdp treo cdn (cdp neo); 7. Cdp neo: 8. Tang nang cdn;
9. Tang ndng vat; 10. Nam cham dign; 11. Li hop ma sdr.

4.4.2. Tinh todn co cdu nang ha can

a) Momen can tai chét chan cdn khi ndng ha can

Trong thdi ki mé& mady, tat ci cdac momen cla luc tac dung 1én cin quy vé chdt chan
cdn duoc xac dinh nhw sau:
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M,=M, + M, + M; + M, + M; 4.71)

Trong do6:

M, - mémen do trong luong ban than cla vat nang va cdn gly ra d6i véi chot
chéan cén;

M, - mdmen do lyc quén tinh cia khdi lugng vat nang va cdn khi m¢ méay co ciu
nang ha cén;

M, - moémen do lyc can gié tic dung 1&n vat nang va cin;

M, - momen do lyc quan tinh cla cac
khdi lugng vat nang va cian khi mé may
ho#c phanh co cdu di chuyén; 71

" khdi lugng vat nang va cin, khi co ciu |
quay lam viéc ddng thdi vdi co cdu nang ' o, i
ha cin. l

M; - mdmen do luc quén tinh li tm cla / o Lr‘n‘,,

Bai todn dugc xét trong théi ki mé may
co cdu nang ha cdn, ddng thdi ¢é co ciu
quay dang lam viéc, cdang nhu dang md
may hoidc phanh co cdu di chuyén. Gia
thi€t khdi luong clia cdn phan b theo
chiéu dai c¢6 dang hinh thang nhu hinh
4.51, m, va m,la khdi luong phan b theo
chiéu dai clia cdn & dinh cdn va chén cén.

Su thay d8i khdi lugng phar bo cia cén
duge danh gia bang he sa:

%4

g

]FT N
T

Hinh 4.51: Cdc luc phan 18 tdc dung 1én cdn

m
v== (4.72)

m,

Ca hai dai luong my va m, phy thudc vao tdm véi r. Khdi lugng chung clia cin s& la:

_ m, m,
my = My (1)~ AN E-1) = AN ) 4.73)

Tir (4.73) suy ra:

- _ my
o 1+ r-1,)

Kh&i lwrgng phan bd trén phan t8 chidu dai cdn, chi€u trén mit phing ngang dx la:

(4.74)

FoX4+yx-T)
e E-r)

m, = 2.m, (4.75)

Trong d6: m, 12 mot ham cda r va x.
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- Xac dinh mémen M,.

Khéi lugng cla phan td chi€éu dai can theo phurong ngang dx la:
dm = m, . dx ;

Tir d6 ¢6 : dF., = g.dm = g. m,.dx .

Coi khdi lugng vat nang mg tap trung tai dau cén.

Ldy mo men ddi vai chot chian cin co:

My = mog(r— 1)+ | (x - 1,)dF.,

T

j(x o) [I‘ —X+ Y(X - ro)] dx

= mg.g{r—r,) +
? (1 +v) (r 6’
my.g 1+
= mo.g.(r — 1) + 5 I—+YI (r - (4.76)
- Xac dinh momen M,:
) L X—T,
Vé’l deA = (p 'dm
cOs(p
T
taco: M, = "12+J'x‘ dF,
: 2 = Mg.Quiy 2 casg bA
. 2.my. ,
= mg.@.fy + clx-ry Ir=x+y(x—r1,)] dx

(1+y)(r~ ro)z.cosz(p r

= mop.at 622:,_‘,’([) 111? (r-r)’ (4.77)
- Xac dinh mémen M;;
Gid thiét su thay ddi dién tich chdn gié clia cdn twong ty nhu phan bs khéi luong,
dién tich chdn gi6 phan theo chiéu dai cdn & vi tri tuong (tng véi x sé 1a (tuong tu 4.75):

A -2 .r—x:rﬂx— 02)
(I+7)(r-r,)
dF, 4 = dA.q.sing = Kx.q.sin(p.dx;
Trong dé:
A - tong dién tich bé mit chiu lyc gio cia cén;
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g- 4p lyc gié tinh toén;

A
Y= = ti s& dién tich, so sanh gita dinh cdn va chan cén.

]

Momen do gié gay ra d6i vdi chot chan cén s& la:

M, = AgQiget—1)+ | (x - 1) tgp.dFyy ;

To

Aq-q.1g0.(r — 1o} + 2AG 18P SINP I(x—ro)[r-xw(x- O dx ;
(1 +‘Y) (r"'ro) ro

Aq.tgpsing 142y :
3 1+7

V6i Ag la dign tich chdn gi6 clia vat nang.

= Ao.q.lA.Sin(P + - ro) . (478)

- Xac dinh mdmen M,:

Trong mat phing ding chia cdn, gia tdc cla co cdu di chuyén khi mé may hoic
phanh a; s& gay ra lyc phan t§ & khoi Ivgng dm.

deA = af.dm

Momen do lyc quan tinh cac khoi lwgng vat nang va cin gay ra d6i vdi chot chan cin.

M, = mg.aptgp(r - r,) + j(x —r1,) tgp.dF;, ;

Ty

2.m, .4,
1+7) (-

) t
= mg.atge(r-r,) + g‘p I(x ) [r- X +Y(x - 1)} dx

myactg® 1+2y
3 L+y (r—r;) . (4.79)

= mMg.apl.8inQ +
- X4c dinh mdémen M;:

Né&u chuyén dong nang ha cdn xay ra ddng thoi véi chuyén dong quay quanh truc

thing dimg ctia may vdi téc 4o géc v, thi lyc quén tinh li tAm cia kh6i lugng phan t§
dm la:

dF,, = x.y%.dm
va momen clia lyc quan tinh li tdm cac khéi lugng vat nang va cin doi vai chot chan cin:
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S
|

To

2.m,y’ 1ge

Moy tge(r — 1) +

m,.y.tgo

Bang 4.8 thong ké lai cac cong thifc x4c
dinh mémen d6i vdi chdt chan cin da tinh
& tren. Vi kh6i lugng clia cdn, phan bd
ddu,tacoy=1vim = m/(r—r,) sé 12
hing s&. D€ d& dang mo ta bing dd thi sy
thay d8i gid tri cla cac momen khi tdm vdi
r thay ddi, coi cdn ¢6 khdi lugng phan bd
déu vachor, = 0.

M = C. f( (4.81)

W

Trong d6: M’;- moémen ddi vdi chot
chan cdn do khoi lugng cin gay ra.

Bang 4.9 cho gia tri cha C; va f; tuong
ing v&i cic mdomen M[{—~Mjy va hinh 4.52 1a

™

dudng biéu dién cda ham f( ]
A

(+9) @ -1)

mq-‘ilz-lgw(r— I} + 61y (r = r)lr + 1, + v (3r + 1))

= mQ-‘-iJZ-tgq)(r —T)+ I(x - ro)'tg(‘P‘deA

r

Ix(x n)[r —X+ Y(x - 0)] dx

(4.80)

Msa
v M Y
| K
Sl PN
<5 %
N \
b o

M,
a4 ot

\
N

0 2z @4 a6 a8 1o
cosp=-~

i

Hinh 4.52; Su phu thudc

clia cdc mbémen vdo tdm voi

i

Bing 4.8. Cong thirc xdc dinh mémen trén co ciu thay d6i tim vei

Momen Khi cn c6 khoi lugng Khi cén c¢6 khoi lugng Do kh6i lugng
phan bg déu phan bg dang hinh thang val nang
m,.g MmN 1+
M - -
1 ) (l' rn) 3 1 +y ( mQ'g(r ro)
(r ) mA(p ﬂ ( - )
M 3. cos’y 6.cosp 1+7y J—(r—r)
: my@. myGi 143 cose
= = . mg. ¢ 2
3 6 1+y
A.q.tgp.sing ¢-1) A.q.tgpsing 1+2y -1
M 2 ° 3 l +y A,.q.1ge(r-r,)
N - .
-1 A.ql,sin’p A q.d, . sin (p 1+ 27 = Ay.q.,sing
2 3 I+
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Bing 4.8. (tiép theo)

. Khi can ¢6 khdi lugng Khi cin ¢6 khoi lugng Do kh&i luong
Momen phan bé déu phin bd dang hinh thang vat nang
at M, atep | 42
My A-1Ep (r— l.n) A—'& Ay (r— I.U)
2 3 I+ M. ap.tgg {r-r,)
M, 1 . my.a.d,sing |+ 2y = my.a,l,.5in0
=5 m,,.a.{,.sinp = 3 oy
— 3
m,ylgo m,o-12¢ ) .
e 2r+r)r-r,) 6(1 +71) (t=r) [r+r, +y@r+r)] mg, y.rtge(r - r.)
M. vl s s = m,ylr.d, sin
5 _ M, sing (rec) _omyydysing a4y Gl Wil sinE
4] 6(l1+7v) .
Bang 4.9. Gia tri cdc dai lwong C, va fi( l_) & cong thirc 4.81 voir,=0vay=1
A
C, r
’ ! f-l —
M i m ’A ( !'\)
£ L
M’ (M.,) > I
| o1, |
M Z(MbA) 3
, Aq 1 (L 2
M (M, ) o ™
ay AN
M’ (M) 2 ! (IA)
Wl r 2
\ YA _ 1-{—
M’5(Mpa) 2 {A (iA)

Khong chi ¢6 momen do cac ngoai
lyc gay ra d6i véi chot chan cidn ma
cd goc truyén lyc & (hinh 4.53) ciing
thay d6i theo tdm véi hodic géc
nghiéng can o.
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Tir quan hé hinh hoc trén H cé:

e =d. 39 _ Vg 2cdcos(@—@)+c . (4.82)

sind

Tir (4.82) rit ra:

sin(o — 9) : (4.83)
C c\2
1-2- a—-@)y+{
\l p cos( ) (d)
Luc nang ha can tic dung 1én chi ti€t truyén luc (palang cdp nang cdn, cdn pit
tong v.v...)

sind =

M,
C.sind

Fp = (4.84)

Dé thiy tdc do goc ¢ clia cdn quay quanh chét chan cén 12 ham cda t6c do co lai
hodc dudi ra cia palidng cap nang can Vg
. Vi
¢ = (4.85)

c.sind

b) Tinh todn co cdu ndng ha cdn

Phin nay gidi thiéu trinh tu tinh toan co cdu nang ha cdn biang truyén dong cép, 1a
loai phd bién nhat hién nay. Do viéc tinh todn hoan todn tuong tu co cdu nang vat, nén
chi néu mot s6 diém cin chi y. C6 thé coi lyc tac dung lén palang nang cin Fy; c6 vi
tri tvong dng vdi trong lugng vat nang Q tac dung 1én paling nang vat trong co ciu
nang vat.

- Xac dinh lyc tac dung 1én palang nang can Fg.

Luc Fg 1a mot dai lugng phu thudce vao vi tri cda can, do vay trong thuc t€ ngudi ta
thudng tinh Fg tuong dng vdi nhiéu vi tri khac nhau cida can. Khi lam viéc, tdm véi cda
cén tryc thay déi tir rp,, d€n r,,,, twong ung ¢é goc nghiéng cin ¢ thay ddi tir @, dén
Qmin. Cac vi tri tinh toan thudng dugc chon bing cich chia déu khodng cach ciia pham
vi thay ddi & trén. SG diém chia cang nhiéu thi mic do tinh todn cang chinh xac. Céc
két qua tinh toan duoc lap thanh bang. Khi tinh todn cac momen do khdi lugng vit
nang gy ra trong M,;, M,, M3, M,, M; cén chu y d€n su thay ddi gia tri cla khoi lugng
vat nang theo tdm v&i. Do trén cin tru¢ co sy phdi hop lam viéc dong thoi cha céac co
cau, nén luc Fg dugc xac dinh theo cac (8 hop tai trong khdc nhau.

Tai trong tinh 1&n palang nang cén, khi nang cdn cing va&i vat nang:
_ M] + M3 - va
c.sind

E ; (4.86)

Trong 46:
S, - lyc cing nhanh cdp nang vat;
b - khodng cédch tir cdp nang vat dén chot chan cin (hinh 4.53);
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b = ¢’sind’ (4.87)
Gia trj sin & dugc xdc dinh theo (4.83) ung vdi cac gia tri a, ¢’, d (hinh 4.53).
Tai trong lén paling nang cdn khi nang cin c6 vat phéi hgp véi quay cén truc:
= M +M;+M;-5,b
B c.s1nd
Tai trong 1én paling nang cin khi nang cdn c6 vat phéi hop mé may hoic phanh co
cdu di chuyén.

(4.88)

_ M +M;+M,-S,b
c.sind

(4.89)

E

Trong céac truong hop trén déu khong ké dén tai trong quén tinh clda khai lugng vat
nang va cin khi m& may hoic phanh co cdu niang ha cin. Cac gia tri Fg dugce tinh cho
nhidu vi tri va duoc lap thanh bang.

- Chon boi sudt paling nang can va chon cap.

Trong nhiéu cén truc, dic biét 1a cdn truc thap ¢6 st dung so d6 mic cap lién hop
khi dé dudng kinh cap nang cin vi cdp nang vat 14y bing nhau. Cin ci vao didu nay
va dua vao lyc cang Fg,, chon béi suit paling nang cdn. Cing cé thé tham khio céc
loai mdy tuong ty dé xdc dinh boi suit paling nang cidn. Sau khi chon bdi suat paliang,
ti€n hanh chon cdp nang cin va cap treo cdn (néu co).

- Chon ddng co va phanh:

Dé chon dong co, ngoai tdng tai trong tac dung 1én paling nang cin Fy cdn phai xac
dinh td¢ do thay ddi chiéu dai paling nang cin vg.

Ve = ;. mfs (4.90)

Trong dé:
e, €, - chidu dai paling cdp img v&i cdn & vj tri ¢6 tdm vdi lon nhét va nho nhit;
t - thoi gian thay d6i tdm véi tr tim vdi 1on nhidt d€n nhd nhdt hodc nguoc lai.

Thei gian thay déi tdm véi t phu thude vao cong dung, loai va nang suit cda cin
truc. Bang 4.10 cho cac gia tri trung binh cda t va td¢ d9 thay ddi tim vé&i trung binh

T, — I
P —"————m“t =%.60, m/ph.
Bang 4.10. Gia tri trung binh cita t va V,
Loai c4n truc va cong dung |Thoi gian thay d6i tim véi t, s| Téc do trung binh v,, m/ph
Cén truc chan d€ (boc da) 18 + 30 50 = 60
Cin truc chan d¢ (14p rap) 60 + 65 20 + 25
Cin truc néi 120 + 200 -
Cén truc thap 25+ 120 4+ 30
Céin tryc 0 10 5+30 6 + 35
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Cong sudt dong co duogc tinh theo tai trong trung binh binh phuong

; “4.91)

Trong d6:
Ae; - khodng thay d8i chidu dai palang ning cén tir vj tri tinh todn thi i d&n i + 1.

Fp; - tai trong tinh tadc dung lén palang cap ning cén tinh & vi tri i theo cong thic
{4.86) hoac (4.88).

Cong sudt yéu ciu cia dong co theo diéu kién phét nhiét trong sudt thoi gian thay
ddi tAm vai tir 1, d€n g

Py = kW (4.92)

Trong d6: 1, - hiéu suit truyén ddng co ciu.
Sau khi chon cong sudt dong co theo phuong phap trén day, phai kiém tra lai theo
kha ning qua tdi cia ddng co ciing nhu thdi gian hodc gia tdc md may.
Pong co phai ¢6 kha ning qua tdi tirc thdi do mdmen M,,,, gay ra:
M < (0,8 + 0,85). 9y - My

_ FEmaxdT

Mo.x= 4.
m 2aim, (4.93)

Trong dé6:

dy, a - dudng kinh tang va boi sudt paling nang cin;
i, - ti s8 truyén hop giam tdc;

Mo - hig¢u sudt truyén dong cia co cdu;

Fimax - tdi trong 16n nhit tic dyng lén paling nang cdn dugce tinh theo cong thirc
(4.88) hoic (4.89); '

Cén ki€m tra thoi gian md may cho dong co véi lyc Fg,, ; théi gian m& méy hic
nay khong nén vugt qua 5 + 6s.

Phwong trinh mémen mé may cia ddng co:
M, =My +M,;;
Trong d¢:

M, - mdmen can tinh dugc xdc dinh tir lyc Fg,,,, theo cong thic (4.86) va (4.88) va
duogc tinh theo (4.93);

M,, - mdmen md mdy trén truc dong co;
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M, - mdmen dong phat sinh trong thdi ki m&d may. C6 thé chia My ra 2 phin:

Mg, - momen cla lyc quan tinh céc ti€t mdy quay trong co ciu quy vé tryc dong co:
GJ] (OF

Myu=lg—=al-— (4.95)
tm m

Mg, - mdmen cda luc quan tinh cdc khdi lugng vat nadng va can gay ra trong thai ki
md& may khi nang cin, duge quy vé truc ddng co:

Fgdy
M, = - (4.96)
a 2.a.,m,
F’f; luc quy d8i tir mémen M,. Theo (4.84) ¢é:
Py = 2
E c.sind
Coi khd&i lugng cdn phan bo déu, theo bang 4.8 co:
m
(5mo) &
Fp=—""FT"T"® vai
. c.sind ve
o Vg - 0,.dt
? c.simd.t,  2.csindizaty,
Thay tat ca vao (4.96) ca:
m
| (53 rmo)or.di
M, =L. 3 : (4.97)
qt2
4 (c.smﬁ)’a‘ .az.ié Mot
Ia
Cudi ciing cé:
m 2
o 1 (3*mti
Md = o Jl ;'l‘— 5 t—
csind) 2 lé e m
In
m
L (Grmo)d
Dat J, = o+ (4.98)
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(50

hotc GD? = a.X(G, D) + -
i, (SIBY
I
Ta ¢6 thdi gian mé may khi nang can:
P
" MM,
GD? . n,
hay t, = m (4.99)

Trong co cdu nang cin chi duge phép dung phanh thudng dong nhu & co cfu nang
vAt. MOmmen phanh tinh theo coéng thitc

W FEmaxdT-no
M, 2k My, = k'T

Trong d6: i - ti sO truyén tir truc tang d&€n truc dat phanh.

vdi hé s& an toan k = 1,5;

Phanh phai ham dwgc can & moi vi tri khi ¢6 gidé & trang thai khong 1am viéc vdi he
s& an toan k > 1,5. '
Sau khi chon phanh cin kiém tra théi gian phanh, sao cho thai gian phanh khong

vuot qua 4 + 5s ing véi Fgy,, va khong nhd hon 1,5 s dng véi Fg,,. Tuong tu nhu
(4.99) co:

- IO et = — O™ 4.100
T MM, O T 3750, - M) (4.100)
m
_ p (5 +mo)din,
vdi Jo=ali+- s hosc
.2 2 ¢ CSINON2
1.4 . ] ———
# ( 1,\)
G 2
(5 +Q)din,

GD? = aX(G,D?) + _ -
2 2 . CSiné\2
ig.a”. (—)

A
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Chuong 5

THIET BI AN TOAN VA HE THONG
PIEU KHIEN TREN MAY XAY DUNG

§5.1. THIET BI AN TOAN TREN MAY XAY DUNG

Trong may xay dung, cac loai thiét bi ding va phanh, so d8 didu khién va cic tiép
diém an toan dién... chi ¢6 thé ddm bdo an toan cho mdy va co cdu trong diéu kién lam
viéc binh thuong d€ thyc hién cac chic nang yéu cdu clia may. D€ ddm bo an toan va
ngin ngira sy ¢§ trong nhimg tinh huéng ngiu nhién ngoai mong mudn cha ngudi didu
khién, may xay dung cdn phéi duoc trang bi ddy dd céc thiét bj an toan theo ding quy
dinh trong tiéu chudn v& ki thuat an toan mdy, dic biét 12 cac loai may nang.

Theo nguyén li, thiét bi an toan trén may xay dung gdém: thiét bj an toan (TBAT) co
khi, TBAT dién, TBAT co - dién, TBAT thidy luc, TBAT dién - thiy luc, trong d6 cic
TBAT co - dién dugce sit dung phd bi&n nhat.

Theo cong dung, cac TBAT trén may xay dung ¢6 thé chia thanh cac loai sau:

- Thiét bi giGi han hanh trinh dung d€ giGi han hanh trinh cac chuyén dong tinh tién
theo phuong ngang va phuong ding hodc hanh trinh chuyén dong quay cda may va cac
bo phan may theo dung thi€t k& Khi may ho#c cdc bd phan may chuyén dong d&n vi
tri gioi han, thiét bi gidi han sé ty dong ngit ding chuyén dong dé dim bdo an toan
song vin ddm bao kha nang didu khién chuyén dong theo chidu nguoc lai dé dua may
ird vé trang thai 1am viéc binh thudng.

- Thiét bi gi¢i han tai trong diung d& chéng qua tai, ty dong ngit dimg co cdu dé
dam bao an toan trong trudng hop tai trong vuot qua gia tri cho phép. Thiét bi gidgi han
tdi trong bao gdm cac loai khép gici han momen, gidi han tai trong nang, gioi han
momen tai trong.

- Thiét bi gidi han t6c do dung d€ diéu chinh hodc dimng hin chuyén dong khi toc
do vuot qua gia tri cho phép. Thiét bi gidi han t8c d¢ gdm céc loai khdp n8i li tam, bo
han ché t6c d6. Bo han ché toc do thuong duge dung két hgp vdi b ham bao hiém va
dugc gidi thigéu trong cdc tai ligu vé thang may.

- Thi€t bj chi bdo va tin hiéu nhu chi bao tai trong, chi bao do nghiéng, tim vdi, chi
bao toc dd gio (do gid), tin hiéu am thanh (coi tin hiéu), tin hiéu anh siang (dén bio)...

- Thi&t bi phong gi6 (thiét bi kep ray) ding cho nhimng may di chuyén trén ray va
lam viéc ngoai tri. Thi€t bi kep ray thuong duge ding két hop vai thiét bi do gio.

Céc loai TBAT k& trén c6 két cau rdt da dang va dugce gidi thigu ki trong cac tai lieu
chuyén nganh vé cac loai may cy thé. Trong myc nay chi gi¢i thiéu mang tinh nguyén
li v& mot s& TBAT dién hinh.
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5.1.1. Thiét bi gi¢i han hanh trinh

Theo dang chuyén dong, thi&t bi gi¢i han hanh trinh gdm: thi€t bi gii han chuyén
dong tinh tién theo phuong ding (gidi han chidu cao nang); thiét bi gidi han chuyén
dong tinh ti€n theo phuong ngang hodc nghiéng (gidi han hanh trinh di chuyén); thiét
bi gidi han chuyén dong quay (giéi han géc nghiéng cin va géc quay clia mdy).

Cdc thiét bj gici han hanh trinh k€ trén déu lam viéc theo nguyén li tac dung tuy dong
co - dién; khi mdy hodc bo phan may chuyén dong dén gin di€ém gici han hanh trinh
& tdc dong lén cong tdc hanh trinh d€ ngdt mach didu khién dirng dong co va dong
phanh cGa co cdu song vin dam bio kha niang didu khién dong co quay theo chiéu
nguoc lai.

Trén hinh 5.1 12 cac cong tic hanh trinh thong dung trong thi€t bi gidi han hanh
trinh. Khi han ché€ hanh trinh mot chiéu, ngudi ta diing cong tic hanh trinh kiéu tay
don hodc kiu nit bam (hinh 5.1a, b) va cong tdc hanh trinh duoc gidn c6 dinh tai diém
gigi han trén quy dao chuyén dong clda may hoac b phan may, chi ti€t tic dong lén
cong tic dé dung chuyén dong dugc gidn trén may hodc phin chuyén dong cin han ch&
hanh trinh. Khi cdn gici han hanh trinh theo hai chiéu, cé thé dung hai cong tic hanh
trinh k€ trén gin & hai ddu hodc dung cong tdc hanh trinh kiéu vit - dai 8¢ hay kiu BY
(hinh 5.1c, d) 1dp trén co cdu din dong. Vit 3 (hinh 5.1¢) nhan chuyén dong quay tir
mot truc nao dé cda co cdu qua bd truyén dai hodc banh rang 1. Tuy theo chiéu quay
cta vit 3 tirc chidu chuyén dong cla co cdu ma dai ¢ 2 chuyén dong tinh ti€n sang trai
hoac sang phai va tidc dong lén cac ti€p diém 4 hodc 5 tai cac vi tri gidi han dé€ ding
co cdu. Truyén dong vit - dai 6¢ va ti s6 truydn cia bo truyén 1 phai duoc tinh toan
sao cho dai 8¢ 2 tac dong vao ti€p diém ung véi cac vi tri gidi han cda chuyén dong.

x &

/3 _42
/ 7
sing E{ ’44

Hinh 5.1: Cong tdc hanh trinh
a) Kiéu tay don; b) Kidu nit bdm; c) Kiéu vit -~ dai éc; d) Kidu BY.
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Gon nhit 12 loai cong tic hanh trinh ki€u BY (hinh 5.1d) ldp trén co cdu vSi bod
truyén truc vit - banh vit. Dia léch tam 11 dugc gidn lén banh vit 6 dn khép vdéi truc vit
7 dugc dan dong tir co cdu. Trén dia 11 ¢6 cac vau 9 va 10 tic dong lam dong (vi tri
IT) hodc mé& (vi tri 1) ti€p diém 8 cda mach diéu khién. Khi giGi han hanh trinh theo hai
chiéu thi trén dia 11 phai ¢6 hai bd vau 9, 10 tai cac vi tri thich hop.

a) Thiét bi gidi han chiéu cao ndng

Thiét bi gidi han chiu cao nang ddng chi yé&u trén cic loai may nang véi ba loai
chinh: Kiéu tay don, kiéu cap treo vi loai l4p véi t&i nang vat. Tai vi tri gigi han chiéu
cao nang khi dung chuyén dong, thi€t bi mang vat phai cdch két cdu thép clia may it
nhit 12 50mm d6i voi palang dién va it nhat 200mm d6i vdi cac loai cdn truc khac.
Thigt bi gidi han hanh trinh ndi chung va gidi han chiéu cao nang ndi riéng chi dung
dé dimg chuyén ddng phong ngira tai nan do so sudt clia ngudi lai cha khong duge dung
nhu mot thi&t bi dirng tir d0ng trong qu4 trinh didu khién may.

Thi&t bi gi¢i han chiu cao nang kiéu tay don (hinh 5.2a) gém tay don 2 lien két
khép voi ddu cdn 4 va cong tdc hanh trinh 3 (ki€u mit bam). Khi thi€t bi mang vat dat
t¢i vi tri giGi han, vdu 1 ti vao tay don 2 lam xoay tay ddn va tac dong vao cong tic 3
dé ngit co cau. He théng didu khién co cdu nang cho phép ha méc treo dé dua may vé
trang thai lam viéc binh thudng va khi dé tay don 2 trd vé vi tri cd dudi tdc dung trong
lugng cla nd.

\ oy
NSy

&
—
———r]
[
=l
2
;- ]
7 g

Hinh 5.2: Thiét bi gioi han chiéu cao néang
a) Kiéu tay don; b) Kiéu cdp treo; c) Gigi han d¢ sdu ha moc treo.
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Thiét bi gidi han chidu cao nang kiéu cap treo (hinh 5.2b) gdm vat nang S trén cap
4 lién két vdi tay don 3 cla cong tic hanh trinh 2. Tai vij tri gidi han chiéu cao, vau 6
clia hop maoce treo 7 ti vao vat nang 5 lam cdp 4 chiing va 1o xo 1 lam tay don 3 xoay
di mot goc dé€ ngdt dong co clia co cdu. Khi ha hop moc 7, vat nang 5 lai kéo cing cap
4 thing lyc kéo clia 16 xo 1 1am tay don 3 xoay ngugc lai dé dua cong tic 2 trd vé trang
thai cd.

Thiét bi gidi han chiéu cao nang 1dp v&i toi nang vat thuong ding cong tdc hanh
trinh kiéu vit - dai 6c hosc kiéu BY (hinh 5.1c, d) va c6 thé gigi han hanh trinh nang
theo hai chiéu, ding trong truong hop cin gidi han thém doé sau ha méc treo. NEu may
nang phai ha méc treo xudng thap hon dd cao mit bing may ding ma da dugc 1dp thiét
bi gidi han chidu cao nang kiéu tay don hoac ki€u cdp treo thi cin phai dugc trang bi
them thiét bi gidi han do sau ha moc treo 1dp vdi tdi nang (hinh 5.2¢). Con lan 1 nho
tay don 2 va ld xo trén chot 6 ludn ti vao cap ning 4 cudn trén tang 3. Khi ha méc treo
xudng t¢i dd sau gidi han, trén tang con it nhit 2 + 2,5 vong cap s& 1a di€m ma con
lan ti l1&n cdp. N&u ti€p tuc ha, cédp nha tir tang s& lam con lin va tay don xoay di mot
goc tac dong vao cong tdc hanh trinh 5 d€ ngit dong co.

b) Thiét bi gioi han hanh trinh di chuyén

Thiét bi gidi han hanh trinh di chuyén thuong duge trang bi cho nhing mdy di chuyén
trén ray hodc theo din hudng ciing vai mot quy dao chuyén dong xac dinh. Tuy la loai
gidi han hanh trinh theo hai chiéu song vi cé dudng ray hoidc dan hudng cing nén thi&t
bi gioi han hanh trinh di chuyén thudng dung hai cong tic hanh trinh ki€u tay don (hinh
5.1a) gdn & hai ddu duong ray k&t hop véi cdc gidm chan dé ding hin chuyén dong.
Cabin thang may tuy c6 chuyén dong tinh ti€n theo phuong thing ding song vi ¢6 din
hudng cirng nén cing dugce trang bi thi€t bi gidi han hanh trinh loai nay va gidm chin
chi duge 1dp dudi day hé thang.

Khi di chuyén gin d&€n cudi hanh trinh, banh cam hogc vdu lip trén miy sé tic dong
1&n cong tdc hanh trinh d€ ngit co cdu di chuyén song do quan tinh may vin ti€p tuc
chuyén dong va chi dung hdn khi va cham vao u (i ¢ dinh & cudi dudng ray cé
giam chan.

Giam chin dung d€ gidm va dap va rung dong cho may khi va cham vao u ¢6 dinh
& cudi duong ray. Bo phan dan hdi cda gidm chédn s& hdp thy dong nang cda khoi lugng
chuyén dong tinh tién, do d6 gidm tai trong dong rdt 16n xuit hién trong céc chi tiét
va k&t cdu mdy. Gidm chidn va u ti con ting d6 an toan cho may trong trudng hop phanh
cla co cdu di chuyén va cong tic hanh trinh bj hong.

Theo vi tri ldp dit cé gidm chan cd dinh (ldp trén u ti) va gidm chin di dong (ldp
trén khung di chuyén clia may). Theo cdu tao cé giam chan biing g6, cao su, gidm chén
[0 xo va giam chan thiy lyc.

Giam chan bing gb thuong chi dung trén may nhd, din dong bing tay. Gidm chén
bing cao su dugc dung phd bién hon véi bd phan dan hoi 1a mot khoi cao su dac, ¢
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Phé bién la gidm chdn 1o xo
(hinh 5.3a), 10 xo nhiéu ting, 6 .
16 xo ma sat. Khi 1am viéc hiu '
nhu dong ning cia may dugc
chuyén thanh thé¢ ning cia 1o

0

xo. Lo xo ¢d dung lugng dong
~ khong lén va chiéu dai twong
doi lon nén khi mdy co khoi g,
lugng va van t6c lén thi phai ) R /2 é
diing nhiéu 10 xo song song
(nhiéu tang) lam ké&t cdu giam
chdn nang va cdng kénh.

il

7
)
N
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Hinh 5.3: Giam chdn
a) Kiéu 1o xo; b) Kiéu thuy luc.

Giam chin thiy fyc (hinh 5.3b) thudng ding cho may cé khdi lugng va td¢ do di
chuyén 16n do ¢6 dung lugag dong lon, lam viéc ém, gidm va dap va rung dong (oL
Khi chiu lwc nén, pittong 1 dich chuyén sang phdi va ddu trong xilanh qua khe hé hinh
vanh khin gitra 161 3 va 16 trén pittong sé chdy vé khoang 6. Vi 16i 3 ¢6 hinh cdn nén
khi pittong dich chuyén sang phai, khe hd hinh vanh khin hep dan 1am Juu legng dédu
chay vao khoang 6 gidm va pittdng chiu duoc luc nén 16n din véi toc do gidm din dé
dam bdo qud trinh dimg duge ém dju. DE tranh va dap trong thoi diém gidm chan bit
dau lam viéc, trén ddu ti 4 ¢ ldp 10 xo chiu nén 5. Khi duge gidi phéng khoi luc nén,
pittong 1 dich chuyén sang trai dé tré vé vi tri ban diu nher 10 xo 2 va dau tr khoang
6 chay vé xilanh.

Chuyén dong cla may vdi tc do 1on c6 dong ndng rdt Ion va bd phan dan hdi clha
gidm chiin khong hap thu hét dong ning nay. Vi vay khi tinh todn giam chan, ngudi ta
thuong tinh tdc do cla may tai thai diém va cham v bing mot nira van t6¢ danh nghia.
Phuong trinh can bing ning lugng khi va cham la:

2
m.v

2

= (W, + Wy)s + Agn; (53.1)

Trong dé:

m - khoi lugng clla may chuyén dong khi va cham;

W, - lyc can tinh trén banh xe (b6 qua ma sat thanh banh);

Wi - luc phanh quy vé vanh banh xe, n€u khi va cham phanh khéng lam vigc thi
Won =0;
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s - hanh trinh cda gidm chéan;
A4 - dung lugng dong cia gidm chén;

n - s8¢ giam chén.

Trong tinh toan gin ding, phuong trinh (5.1) ¢6 thé viét:

2

m.v

= Ad.l'l .

Dung lugng dong cha cdc bd phan dan hdi duge xac dinh nhu sau:

- D6i v6i 10 xo, 10 x0 - ma sat va gan ding doi vdi cao su:

Ad = O’SpmawS

- D6i vdi gidm chédn thiy luc véi khe hé ddu thay d6i (hinh 5.3b):

Ad = Pmars

Trong d6: P, - luc 16n nhit tic dung 1én
bo phan dan hdi cia gidm chdn khi va cham.

Thay A, tir (5.3), (5.4) vao (5.1) hoidic (5.2)
ta ¢6 thé xac dinh duvoc P,,,, s. Gia tri P,
dugc dung dé tinh toan kich thudc va kiém
tra bén 401 vdi giam chan.

c) Thiét bi gici han chuyén dong quay

Ddi voi cac loai may xay dung ¢é chuyén
dong quay quanh truc thidng ding, tiy theo
loal may, cong dung va dac tinh ki thuat ma
nd quay toan vong hay chi quay duge mot
gdc nao do. Trong trudng hop khéng quay
toan vong, cin phai trang bi thi&t bi gidi han
gbéc quay (hinh 5.4). Céng tic hanh trinh 4
dugce lap trén phén quay 3, hai cam ti 2 gin
cd dinh trén phdn khong quay 1 tai cac vi tri
gidi han géc quay theo diing thi&t k&. Khi
mdy quay dén mot trong hai vi tri gigi han
thi cam ti 2 tdc dong vao cong tic hanh trinh
4 dé dirng co cdu quay.

Thiét bi giéi han géc nghiéng cin (hinh
5.5) dugc trang bi cho cdc may ¢6 tay can nhu
cin tryc kiéu cdn, mdy dao, may khoan... ¢6
thay d6i tdm vai (goc nghiéng cin). Céc cong
tdc hanh trinh 1 dugc gén cd dinh trén tai bit

Hinh 5.5: Thiér bi gidi han
goc nghiéng cdn

(5.2)

(5.3)

(5.4)
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chét chan cdn 4 (phdn khong quay) tai cdc vi tri gi¢i han géc nghiéng can. Cam ti 2
dugc 1dp trén chian cdn 3 va quay ciing cin quanh chdt chan can. Khi can dat tdi goc
nghiéng nhé nhét hodc 16n nhit (¢ng voi tam véi Idn nhat hodc nhd nhat), cam ti 2 s&
tac dong lén cong tic hanh trinh 1 dé ding co ciiu nang cén.

Da&i véi may c6 tay cdn dugc neo bing hé théng palang cép, khi cdn c6 goc nghiéng
I6n nhit, dudi tac dung cda luc quan tinh va lyc gic, cin ¢6 thé bi lat vé phia sau. Vi
vay phai trang bi co cdu chdng lat cdn dé gitr cin &n dinh & vi tri lam vige. Co cdu
chdng lat can kiéu thanh chéng cung dugc skt dung phd bién nhit va thudng cé hai Joai:

- Thanh chéng citng ong 16ng (hinh 5.6) gém cac doan thanh chdng 2 va 5 16ng vao
nhau, hai dau ciia thanh chong lién k&t khép véi cdn va ban quay. Khi géc nghiéng cin
thay d6i thi chidu dai thanh chéng thay d6i va khi cin c6 goéc nghiéng lon nhat thi cac
ong 2 va 5 16ng hét vao nhau, thanh chéng ¢ chiéu dai nhd nhit va khong cho cin lat
vé phia sau.

- Thanh chdng cing ¢é mdt dau lién két cing véi ban quay con dau kia tr do tao
thanh u ti cing. Khi cdn ¢ goéc nghiéng 1én nhit, né sé ti 1én diu ty do cda thanh chong
va khong bi lat. Do tdc dd quay cia can quanh ch6t chan can rat nhé nén khi ti né
khong gay va dap va khong can phai c6 giam chan.

Ngoai ra, mot s0 may c¢é tay can con dung loai co cdu chdng 1at can kiéu cdp neo
chiu kéo.

TPIPLS —

ol

| R N

Hinh 5.6: Co cdu chong lat cdn kidu thanh chéng éng [6ng.
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5.1.2. Thiét bi gici han tdi trong

Khop gidi han momen 12 loai thiét bi gidi han tai trong kiéu co khi dugce dung phd
bign trong bo truyén cha cic co cdu may xay dung dé dim bio an toan cho co ciau va
chong qua tii cho dong co. Theo nguyén 1i lam viéc, khop gi¢i han mémen thudmg cé
hai loai:

- Khép gigi han momen kiu chot: momen xodn duge truyén qua khép nhe cic chot
lien két hai nira khép. Cdc chdt duge tinh todn sao cho khi moémen tai trong vugt qud
gidgi han cho phép thi chét s& hong dé dam bao an toan. Khdop gidi han moémen kiéu
chét dugc gidi thiéu trong gido trinh chi ti&t may.

- Khép gidi han momen kiéu ma sat: mdomen xodn dwgc truyén qua khép nho ma
sat. Khi momen tai trong vuot qud gidi han cho phép, cic bé mat ma sat s¢ bj trugt
trong doi v&i nhau. Cdu tao cda khép gidi han momen kiéu ma sat rat da dang tuy theo
loai may, loai bo truyén va dugc gidi thiéu trong gido trinh chi tigt mdy va cic tai lieu
chuyén nganh khac. Vi du vé khdp gidi han momen dung trong bd truyén tryc vit -
banh vit cda co cdu quay cho & hinh 5.7. Truc vit 7 nhan chuyén dong quay tir dong
co cda co ciu va truyén cho vanh
ring cta banh vit 6 ldp cing vdi
banh ma sat 5. Ba&nh ma sdt ngoai §
13p 16ng khong trén tryc 8 con binh 2
ma sat trong 4 ldp vdi truc 8 bing
then hoa. Bé mat tiép xuc gita banh
4 va 5 ¢d hinh con va tao nén luc ma o ﬂf% FE S
sat gitta ching dé truyén momen :
xodn nhd lgc nén clda 1o xo 3. Nhu s
vay, momen xodn dugc truyén tur -4
truc vit sang truc thing ding 8 dén : _
banh ring con 9 dé didn dong vanh . [ﬁ =
rang cla co cidu quay {a nhd lyc ma ]

sat gitra cic bé mat ti€p xdc hinh ¢on _ o5
cla banh 4 va 5. Biéu chinh mémen 8
x0dn bing cdch didu chinh lyc nén
cda lo xo 3 nho dai 6¢ | va vong dé¢m
2. Né&u trong qua trinh lam viéc,
moémen tai trong vugt qua gia tri cho
phép (do ket thiét bj tua quay, do p g

phin quay bi vudng vat cin, do quan ! d
tinh ctia phdn quay qua lon...) thi bé . :

mit ma sit gitta bdnh 4 va 5 sé bi

[r_uqt ‘de dan’l bqao an {Ofm cho co cau Hinh 5.7: Khop gioi han mémen trong bo truyén
va trdnh qua tai cho dong co. tric vit — bdnh vit cia co cdu quay.
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Thiét bi gidi han tai trong niang va gidi han moéomen tai trong thuong dugc trang bi
cho cdc loai may nang dé€ phong ngira qua tdi va kha ning mat én dinh ctia may.

Thiét bi gidi han tai trong niang dugc trang bi cho cic loai may niang ¢ mot gia tri
tdi trong nang danh nghia va lam vi¢c theo nguyeén li tac dung ty dong co - dién: No
ty dong ngit dimg dong co cla co cdu nang khi tai trong trén méc treo vugt qua gia
tri cho phép. Thiét bi gid¢i han tdi trong ning ¢6 ciu tao rat da dang va thudng ¢6 hai
phin: datric (dau do) lyc va bod phan ngdt mach. Ty theo loai datric ma ta c6 thiét bj
giGi han tai trong kiéu 10 xo, truc xoin, thiy lyc hodc dién, trong d6 loai truc xodn va
dién cho do chinh xac cao. Trén hinh 5.8 1a phuong 4n 138p dit thiét bi gici han tai trong
kiéu truc xodn trén cau truc. Thiét bi gdm truc xodn 2 ¢6 mot ddu lign k&t citng voi u
¢ dinh 3 trén k&t cdu thép clia may cdn diu kia tr do va ldp véi tay don 4 bing then
hoa. Treo trén tay don 4 1a puli can bdng 5 clda palang nang vat. Khi nang vat, luc cang
cdp trén puli 5 gy momen xodn truc 2 va géc xodn tryc ti 1é thuan véi tai trong nang.
Tai ddu tryc xodn 2 1ip thé dién k& 1 va goc xodn tryc lam cho dién trd cda thé dién
k& ti lé thuan vdi tai trong nang. Khi tai trong nang vugt qua gia tri cho phép, mach
diéu khién ngdt 1am co cdu ngirng hoat dong dé dam béo an toan.

Poi véi cdc loai cdn truc ¢6 tay cin va tai trong nang thay d6i theo tdm vdi thi cédn
phéi trang bi thi€t bj gidi han momen tai trong (tich s gitta tai trong ning va tam vdi)
va dugc cai dit cho pha hep véi duong dic tinh, tdi trong ting voi heé théng két cau
thép ldp trén cdn truc. Thi€t bi s& tu dong ngdt dong co clia t&i nang khi tai trong vugt
qua gia tri cho phép ting v&i tim vdi cho trude.

e
N T
T ﬂu
5
D
-~
5]

Hinh 5.8: Thiét bi gici han tai trong ndng kiéu truc xodn
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Thi€t bi gidi han momen tai trong gém: bo cim bién lyc; by cam bign goc nghiéng
cin; cum role didu khién; bang diéu khién va tin hiéu; ngudn dién. Nguyén tic lam
vigc cida thi€t bi 1a so sdnh tin hiéu dién clda bd cam bién lyc (trong ung véi tai trong
thyc t& trén mdc treo) vdi tin hiéu dién cda bd cam bi€n géc nghiéng cdn (twong tng
vGi tai trong cho phép & tdm vai cho trude theo dudng dic tinh tai trong da cai dit).

B& cam bién luc (hinh 5.9a) la mot lyc k& vdi vong kim loai dan hdi 3 lip véi méc
kéo 2 neo vao cap 1 cla hé thdng cap neo can. Dudi tac dung cila tai trong nang, cap
1 ¢6 d6 cang, qua moc kéo 2 lam vong 3 bi€n dang. PO bién dang cha vong 3 ti 1& v6i
tai trong nang va dugc chuyén ddi thanh tin hiéu dién tuong ng.

Bo cam bién géc nghiéng cin (hinh 5.9b) la mot thé dién k& chuyén déi géc nghiéng
cia cin thanh tin hi¢u dién twong ting. Theo dudng dic tinh tai trong, ing véi mbi goc
nghiéng cin (tdm vdi) s¢ xdc dinh dugc gia tri tai trong cho phép. BO cdm bi&n goc
nghiéng cin 4 dugc ldp tai chot chan cdn 7 (phén ¢d dinh) va xdc dinh géc nghiéng cdn
nh¢ tay don 5 ¢6 lién hé véi chan can 6 (phdn quay). Bo cam bién luc va cam bién goc
nghiéng cin dugc mic vao mach diéu khién nhé phich cdm.

)
Hinh 5.9: Thiét bi gici han mémen tdi trong
a) Bé cam bién luc; b) B cdm bién goc nghiéng cdn.

Cum role diéu khién ding d€ so sanh tin hiéu dién cia bo cam bién lyc véi tin hidu
dién cla bd cam bién géc nghiéng cdn dé phat 1énh dén bang diéu khién va tin hiéu,
dén o1 nang. Cum role diéu khién gém:

- Cum thé dién k& d€ cai dat thiét bi xac dinh tai trong nang cho phép tay theo géc
nghiéng cdn theo dudng dac tinh tai trong cho trudc.
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- Bo phan so sanh tin hi¢u dién chuyén dé€n tr bd cam bién luc va cam bién goc dé
tac dong l1én role luc.

- Role lyc d€ dong ngdt mach diéu khién cda co cdu cong tac (101 nang).

Béng diéu khién va tin hiéu bao gdm cac cong tic, cac den tin hiéu, coi, bang hién
thi s& dé€ theo doi mirc do gia tai, tin hiéu vé trang thdi lam viéc cda may.

Nguén dién cung cap cho thi€t bi hoat dong thudng 1a dién mot chidu co dién ap
thdp 12 - 24V. C6 thé dung dién dcquy hoic dung bi€n thé va bo nin dong.

Khi tai trong ¢ dudi muic cho phép thi dén mau xanh ludn sdng bao hiéu can truc &
trang thai lam viéc an toan. Khi gia tri tai thuc t€ dat 5% dudi gia tri cho phép thi tin
higu 4&m thanh kéu béo hi¢u cdn truc dang & gidi han nguy hi€ém. Khi tai thuc t&€ dat gia
tri cho phép thi den d6 bat siang, cin truc ty dong dirng 1am viéc va moi tic dong diéu
khién theo xu hudng ting momen tdi déu khong cé tic dung va cin truc chi hoat dong
theo xu hudng gidm momen ti trong (hudng an toan).

Dbadi vai loai cin truc thiy lyc ¢6 cdn hdp Ong 16ng, tii trong nang phu thudc vao
g6c nghiéng cin va chiéu dai cin nén ngoai ciac b phan da néu & trén, thiét bi gidi
han momen tai trong con ¢6 thém bd cam bién chidu dai can. Tin hi¢u dién vé tai trong
cho phép theo duong dic tinh tai trong duge cung cip bdi ciac bd cdm bién goc nghiéng
va chiéu dai cin. So d6 nguyén 1i cia thi€t bi gidi han mdémen tai trong clda can truc
thiy lgc v&i can hop ong 16ng cho ¢ hinh 5.10. Thi€t bi gdm cum role diéu khién [;
bo cam bi€n lyc 2, 3; bd cam bién gdc 4, 5, 6; bo cam bién chiéu dai can 7 va bang
diéu khién, tin hiéu 8. Tin hiéu ti1 thuyc &€ trén mdc treo dugc cung cap bdi bd cam bién
Ilwc 2.3 con tin hiéu tdi cho
phép theo duong diac tinh tii
trong tay theo goc nghiéng va
chiéu dai cdn dugc cung cap bdi
cac bd cam bién 4, 5, 6, 7. Tin
hi¢u tai cho phép va tai thyc t& ‘
tir cac bo cam bién dugc dua g
dén cum role diéu khién 1 va
hién thi tréen bang diéu khién,
tin hiéu 8 dé nguoi ldi theo doi
va xr li. Trong truong hop tii I
thye t€ vuot gia tri cho phép thi
thiét bi sé ty dong ngdt ding co

céu cung céc tin hiéu am thanh. 7 P 5 P
anh sang va cho phép diéu

khién cin truc theo hudng giam
momen tai trong dé dua cén

truc vé trang thai lam viéc  Hinh 5.10: So do nguyén li cia thiét bi gici han mémen
binh thuéng, 1di trong trén cdn truc thiy lyc voi cdn hop dng long.

A
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D6i vdi can true thiy luc, bo cam bién lyc ¢6 thé thay thé bing bd cam bién dp suat
diu thdy lyc d€ nhan biét tai trong thyc t€ trén moc treo. BO cam bién ap sudt c6 cau
tao tuong tu nhu mot xilanh thiy lyc va duge mdc vao mach thiy luc cda cédn tryc
(thwong dugc mic vao xilanh nang ha c¢dn). Dudi tic dung cla tai trong nang, ap luc
diu trong hé ti 1& véi trong luong vat nang va bd cam bién dp sudt sé chuyén ddi gia
tri ap lwc ddu (1ing vai tai trong thyc t€) thanh tin hiéu cia dong dién twong tmg va dua
tin hiéu t&i bd x& li chinh cda thi€t bi gidi han mdémen tai.

Thiét bi gidi han moémen tai trong hién dai voi hién thi s6 cing c¢d nguyén li lam
viec dd néu & trén song cd mot sd diém khic biét sau:

- Thay cho cum role diéu khién 12 bd vi xit li chinh gébm nhimg mang vi mach dién
tr duge cai dat sdn chuong trinh diéu khién theo cac duong dic tinh tai trong cho trude
dé ti€p nhan, luu trit trong b nhé nhng tin hiéu tir cac bo cam bién va phan tich, x&
li cac tin hiéu nay dé phat 1énh dén cong tic hanh trinh déng ngit co cdu va tin higu
dén ban diéu khién.

- Ban diéu khién dugce thuc hién voi hién thi 6, den tin hiéu va am thanh c¢6 day da
cac thong tin hon, tién loi hon dé€ phin anh ddy da trang thai lJam viéc cda cdn truc va
cianh bdo cho ngudi 1ai biét khi cédn truc dang ti€n dan tdi trang thai nguy hiém trong
qua trinh thyc hién cac 1énh diéu khién. Ngoai viéc dam bio cho qua trinh diéu khién
dugce an toan, tién loi va chinh xéc, trén bang didu khién con ¢6 cac thiét bi chi bdo
xic dinh nguyén nhan sy ¢d hodc céc 161 dé ¢6 th€ nhanh chéng khic phyc.

Trén hinh 5.11 mo ta nguyén li lam viéc cda thiét bj gidgi han mémen tai trong AML
trén cin truc thay lyc banh 16p vdi can hop dng long TADANO c¢6 diy dd cac chic
ning clia mot thi€t bi an toan hién dai da néu trén.

Can truc thily lyc banh 16p vai cdn hop Ong 16ng cia hing KATO (Nhat Ban) dugc
trang bi bo dimg ciu tr dong ACS rat hién dai, khong nhimg cé chic ning gisi han
momen tdi trong tuy theo trang thai lam viéc ma con ¢é cdc chuc nang gidi han chiéu
cao nang, gigi han goc quay cdn tryc va trang théi chan chdng v.v... Ngoai ciac bd cam
bién dp sudt, bd cdm bi€n goc nghiéng cin va chiéu dai cin nhu cac thi€t bj gidgi han
momen tai trong khac, bd ACS con bao gdm cac bd cam bi€n géc quay can truc, bd
cam bién chiéu cao nang vit, kich thudc v.v... Bo vi xt li chinh va bing diéu khién
tin hiéu rat hién dai, ddm bao an toan cho cin truc va tién lgi cho ngudi lai. Trén hinh
5.12 la so d6 bo tri thi€t bi cia bd ACS trén cén truc thdy luc banh ld'p vai cdn hop
ong léng KATO.

So d6 nguyén H hoat dong cda bd ACS duge mo ta trén hinh 5.13. Tai trong thyc t&
(xdc dinh tir tin hiéu cliia 4o cam bién ap sudt) dugc so sianh vdi gia tri cho phép (dugc
luu gi trong bd nhd tay theo tin hidu tir cdc bd cam bi€n xdc dinh trang thai cdn truc
nhu géc nghiéng cdn, chiéu dai cdn, géc quay...). N€u két qua so sanh nim trong pham
vi an toan thi dén mau xanh sidng, n€u gia trj tai thuc t€ gin t¢i pham vi canh béo thi
den vang sang va phdt ra am thanh. N&u gia tri tai thyc t€ rat gdn voi gia tri cho phép
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theo duémg dic tinh ti (tic ta dang di vao pham vi nguy hi€m) thi d&n d6 sang va bd
ACS tac dong lam dong tat cd cac chuyén dong lam ting momen tai. Nguot 1di cdn dua
cdn truc trd lai trang thai an toan, bd ACS s& chi chip nhin cdc chuyén dong trong

hodc vé phia an toan (phia gidm momen tai).
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Hinh 5.11: So d6 nguyén If ciia b6 AML trén cdn truc thuy liec
bdnh 16p véi cdn hop 6ng long TADANO (Nhat Ban)
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5.1.3. Thiét bi chi bdo va tin hiéu

Nhu da trinh bay & trén, cdc mdy xay dung hién dai dugce trang bi kém theo cac thiét
bi an toan 1a céc thiét bi chi bdo dong bo véi hién thi s& vé tai trong, tAim vdi, momen
tai trong... Tuy nhién, cac thiét bi chi bao don gian kiéu co khi, co dién vin duoc s
dung thy theo loai mdy vi'ching lam viéc tin cdy, ré tién.

Thiét bi chi bdo tai trong nang
(hinh 5.14) dang cho can truc cé
thay ddi tdm v&i bang cach thay d6i
géc nghiéng cdn. Thiét bi cho phép
ngudi diéu khién xac dinh dé dang
tai trong cho phép ma can truc ¢6 thé
nang & tdm vdi cho trude. Kim 2 lién
két vdi cidn 4 qua truc 1, ddu kim chi
1én bang chia cdc muc tai cho phép
gdn trén can tiy theo tdm vdi. Do ¢6
lién k&t khép véi can nén kim 2 fuon
& vi tri thing ding dudi tac dung cia
trong lugng kim va khong phu thude
vao goéc nghiéng can. Pdu kim chi
lén bang chia mic tai cho phép & tam
vo1 cho trudec.

Hinh 5.14: Thiét bi chi bdo 1di trong nang

Thiét bi chi bdo do nghiéng clia miy dugce ding cho nhitng loai may di chuyén doc
lap, lam viéc ngoai tréi nhw can truc ty hanh, may dao mot gau, may déng coc... Thiét
bi luon bao do nghiéng ciia may so v&i phuong ngang d€ nguoi diéu khién ¢d thé theo
doi va diéu chinh kip thoi dam bdo do on dinh va do nghiéng cho phép cda may khi
lam viéc.

Thiét bi chi bio do nghiéng cia mdy dang chat 16ng (hinh 5.15).1a mot nivo gém vé
3, ndp 1 lam bing thiy tinh ¢6 bang chia dd nghiéng 5 (cdc vong tron chi do nghiéng
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Hinh 5.15: Thiét bj chi bdo d¢ nghiéng dang chdt long
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tr 1 d€n 6). Khi 1dp dit can diéu chinh cho bot khong khi trong &ng 2 dung chat 1éng
4 nim chinh gitta bing chia. Thi&t bi thuong dwoc gidn trén ban didu khién d€ theo doi
va d61 véi mot s may lon ¢6 chan chong diéu chinh d6 thiang bing thi né dwoc gin &
ngay cic diém diéu khién chan chong dé diéu chinh do nghiéng may.

Thiét bi chi bao do nghiéng cia may didu khién dién gdm bo cim bi€n gbc nghiéng,
bang tin hiéu va role. Trén ndp clia bd cdm bifn gdc nghiéng c¢6 cac vong tron chi do
nghiéng cia may va chi bio hudng nghiéng cin diéu chinh. Bing dén tin hiéu dugce ldp
tai cabin hodc diém diéu khién chan chéng. Khi do nghiéng cia may vuot qui gidi han
cho phép thi dén hiéu bat sang va role bat tin hieéu am thanh déng thoi cé thé ngit co
cdu cong tac d€ dung may.

Thiét bi do gié dugc trang bi cho nhitng may 1am viéc ngoai trdi, ¢é khuon khé kich
thudc va dién tich chdn gié lon dé do toc do gio va chi bao trén bang tin hiéu dé theo
dsi va dumg may kip thai khi ¢o gié to.

Thiét bi do gié (hinh 5.16) dugc 18p dit & trén cao (cd dinh vao két cau thép cia
mdy) gbm bd cam bi€n (dc do 2 c6 lap cdc canh quat 1. Ap lyc gié lam canh quat 1
quay cung roto. Tdoc dd quay ti 1 vai toc do gié va dugc chuyén ddi thanh tin higu
dien. Do thiét bj do gié cé d€ lip bang chst xoay vai két
ciu thép 4 cla may va dudi d€ 3 co vit ning can bing vdi
canh quat ma thiét bi do gié ludn & vi tri thing dirng khong
phu thudc vao vi tri phin két cdu thép gin thiét bi.

Khi toc do gié dat gén tdi gid tri cho phép thi tin hiéu
am thanh kéu l&n bao hiéu dang & gin gidi han nguy hiém.
Khi tdc dd gidé vugt qua gidi han cho phép va thai gian gid
théi kéo dai thi den dé bat sang va may tu dong dimg lam
viéc. D8i véi may di chuyén trén ray thi khi thiét bi do gio
tac dong dimg may déng thoi dong thi€t bi kep ray dé giit
cho may khoéng bi troi dudi tac dung cia gid to.

Ngoai tin hi¢u am thanh (chudng, coi) va tin hiéu anh
sdng (cac den hiéu), trén mot s6 may xay dung con ¢6 thé 4
c6 tin hiéu dién th€ nguy hiém: ty dong phat tin hiéu am
thanh khi phan két ciu thép cia may & gdn dudmg din dién.
Thiét bj nay gdm mot angten 1dp trén két cdu thép cia may,
bd khuéch dai tin hiéu dién, tin hiéu am thanh, dén bio.

\ H
n\\‘\\\\\\\\s¥ o
.

KLl il

Hinh 5.16: Thiét bi do gis
5.1.4. Thiét bj kep ray
Thiét bj kep ray duge trang bi cho nhitng mdy di chuyén trén ray va lam viéc ngoai
trori d€ gilr may khong bi truot trén ray déc dudi tic dung cida tai trong gio trong trang

thai khong lam vigc. Thi€t bi kep ray dugc chia thanh ba loai: din dong bing tay, ban
tu dong va tuy dong.
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Loai din dong bing tay c¢6 ciu tao don gian, lam viéc tin cdy nhung doi hdi thoi
gian thao tac d& kep ray lén. Loai ban tv dong dugc trang bi co cdu dan dong thi€t bj
kep ray va diéu khién tir cabin cia may. ‘

Hién nay nguoi ta hay dung thi€t bi kep ray tu dong lam viéc theo nguyén li tic dung
tu dong co - dién két hop vai thiét bi do gié (nhu da mo ta khi gidi thiéu vé thiét bi
do gié & muyc trén). Nhitng may dung thiét bi kep ray ty dong thuong duge irang bi
thém thiét bi kep ray din dong tay dé dé phong truong hop thiét bi tr dong hdéng hoac

mat dién.

Thiét bi kep ray din dong tay thong dung nhat 1a kiéu ma kep (hinh 5.17a). Khi quay
tay quay | d€ din dong truyén dong vit 2 - dai 6c 3, hé théng tay don va ma kep di
xuéng cho dé€n khi thanh lién két 6 cham vao ray thi cic tay don 4 bat ddu ép md kep

5 dé kep chit 14y ray. Truyén
dong vit - dai 6¢ phai ddm bao
diéu kién tr ham dé dé phong
vit ty xoay lam hdng cac
ma kep.

Thiét bi kep ray tu dong cé
cdu tao rat da dang. Hinh 5.17b
12 mot kiéu thiét bj kep ray tu
dong. Cic mé kep 4 kep chat
vao ray nhé vat ning hinh ném
1 dugce tha xudng giira cac con
lan 2 dé ddy diu trén cia tay
don sang hai bén va ddu dudi
kep chat vao ray. Vat ning
hinh ném 1 dugc treo bing cap
va nang ha nhd co cdu dan
dong thi€t bi. Khi kéo vat ning
lén, cidc ma kep dugc md ra
nhd 10 xo 3.
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Hinh 5.17;: Thiét bi kep ruy
a) Logi ddn déng tav; b) Loai ne dong.

Thigt bi kep ray phai tao dugc lyc gitt Py sao cho dudi tic dung cida luc gié lon nhat
trong trang thai khong lam viéc thdi doc theo ray, may khong bi truot:

hay:

Pk=PIg" - Pms - 1:)ph;

Pk=P|g"_'G.U)_%I‘E‘h;

déng thoi phai dAm bao diéu kién bam cda banh xe trén ray:
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Trong dé:

PL," - lire gié 16n nhit trong trang thai khong lam viée tidc dong 1én may doc theo ray,
G - trong lugng may khong tai;

Gy, - trong lugng bam (phédn trong lugng may dé 1én cdc banh xe chi dong);

o - hé s& cin chuyén dong quy vé bé mat lan cda banh xe di chuyén,

¢ - hé s6 bam gira banh xe va ray;

M., - moémen phanh ciia co ciu di chuyén quy vé truc banh xe;

ph ~
D - dudng kinh mat 1adn cda binh xe;

Pruse Pph - I can do ma sét va lyc phanh quy vé banh xe di chuyén.
Dé tao duge luc gitt Py, luc nén ctia md kep lén ray la:

N = k- )
2i f,

(5.7)

Trong do:

k - hé $& an toan;

i - s& thiét bj kep ray trén may;

fy, - hé s6 bam gita ma kep va ray, lay thy thudc vao vit ligu va do ciang bé mat.

Cén luu y riing khi bé mat ma kep bi mon, hé sd bam c6 thé bi gidm xudng mot nia.
D€ gidm do mon clia ma kep, nguoi ta tinh todn gidm dp lyc clia mé kep lén ray biing
ciach tang di¢n tich bé mat tiép xuc.

Pai véi thi€t bi kep ray din dong tay, mdmen quay vit cin thi€t d€ tao ra luc nén
ma kep N la:

M=nN. 2 dtglatp) (5.8)
b n.tg B,

Trong d¢6:

d - dudng kinh trung binh cda ren vit,

o - goc nang ren vit. D€ dim bdo ty ham thi goc nang o > p;

p - géc ma sat, 1y iy thudc vao vat li¢u lam dai d¢: ddng p = 4+6°, thép p = 8+9°;
1 - hiéu sudl, n = 0.92+0,94;

B - g6¢c nghicéng cla tay don 4 so v6i phuong thing ding (hinh 5.17a), B, = 65+70°;
a, b - cdc canh ray don trén md kep (hinh 5.17a).

Trong luong vat nang hinh ném cha thiét bi kep ray ty dong duoc xdc dinh theo

cong thic:
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G = 2N.a
b

tg(B+p)s (5.9)

Trong do:

B - g6c nghiéng mat bén so voi phuong thing ding cla vat nang hinh ném, B = 4+8°;

p’ - géc ma sat quy déi tinh theo hé s6 cdn cla con lan 2 (hinh 5.17b), dé&i véi con
lan dung 8 bi p° = 1°107, 8 truot p° = 3°%;

N - hiéu sudt tay don, 1dy nhu trén.

§5.2. HE THONG DPIEU KHIEN TREN MAY XAY DUNG

He thong didu khién dung dé€ didu khién qua trinh 1am viéc cia may. N6 cé anh
hudéng Ion téi chidt lugng va nang suit cong tac, do vay khi thi€t k&, cdn phai théa min
cac yéu ciu sau:

- Hé thdng phai nhe nhang, hop vai sitc khée clia ngudi binh thudng. Luc diéu khién
clia tay khong qua 30 + 40N, hanh trinh khong 1&n hon 0,25m, géc quay khong qua 35°.

Luc diéu khién cda chan khong qua 80N, hanh trinh khong qua 0,2m va géc quay khong
vugt qua 30°.

- Cuong d0 didu khién phai binh thuong. S& lin diéu khién & cac mdy ¢& nhd trong
mot chu ki & didu kién lam viéc binh thuong 12 12 14n, méi gid khong quéa 2500 14n.

- Diéu khién phai ém, ddm bdo d¢ nhay cin thiét, thoi gian didu khién vao khoang
0.25 + 0,3s 461 v&i may ¢ nho, tir 0,3 + 0.4s v&i may cd vira, tir [ + 2s v&i mady cd lon.

- An toan vé bén, d& diéu chinh, stra chira, don gian, thuan tién trong thao tac. S8
cdn, ban dap sao cho it nhdt va dugc bo tri gin nhat vé phia phii ngudi 1di. Gh€ ngdi
phai ém, ¢6 thé diéu chinh dé phu hop véi khoé nguoi 1ai va dé quan sat hién truomg
thi cong.

- Do tin cay cda hé thong cao. Pam bao cho may lam viéc trong moi truong nhiét
do tir 0 + 50°C, moi trudng khi hau 4m uot, byi bin v.v...

Heé théng didu khién trén may xay dung rdt khac nhau, cdu tao va nguyén tdc lam
viéc cia né phy thudc vao do phiic tap cia may va cong dung cda hé thong.

Theo cdu tac va phuong phép truyén ning lugng, hé thong diéu khién chia ra hai loat:

- He thong didu khién tryc ti€p;

- He thong diéu khién cé co cdu khuéch dai kiéu co khi, thdy luc, dién, khi nén.

Theo phuong phép diéu khién c6 hé thong diéu khién thong thuong va hé thong diéu
khién ty dong.

Theo loai truyén dong trong co cdu diéu khién chia ra:

- Hé théng diéu khién kiéu tay don;

- He théng diéu khién thiy luc;
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- He thong diéu khién khi nén;
- He thong didu khién dién;
- Hé thong diéu khién hén hop.

5.2.1. Hé thong diéu khién kiéu tay don

Co cdu diéu khién kiéu tay don thudng st dung tay gat hodc ban dap, thong qua hé
thong cac khau khép nhu tay don, thanh kéo. khop ban 18 v.v... dé truyén lyc 1én bo
phan chdp hanh cla co cdu cong tac can diéu khién. DSi véi mot mdy gdm nhiéu co
cdu cong tac hoat dong doc lap hodc phu thudc nhau sé dugc diéu khién béi cac co cdu
diéu khién khac nhau. Tap hop céc co cdu diéu khién nay goi 1a hé thong diéu khién
trén may. |

Hinh 5.18a mo ti so d6 cdu tao cta co cdu diéu khién dé dong md khop ndi. Tay
gat 1 xoay dugc trén truc 2. Khi kéo tay gat theo hudng mdi tén, nd s& kéo thanh 3,
lam quay don 4 va truc 5. Do truc 5 quay nén tay don 6 cling quay theo, kéo thanh kéo
7 va lam tay don 8 cung truc 9 quay. K&t qua 1a tay gat 10 quay theo chiéu mui tén dé
déng khdp ndi. Lo xo 12 ¢6 tac dyng dua hé thong vé vi tri ban diu sau khi m& ham
dinh vi 13 cia tay gat. ~

Hinh 5.18: Sor d6 cdu tao co cdu diéu khién kiéu tay don
a) Diéu khién déng mé khop ndi nho cdn gar: b) Didu khién dong mé phanh dai nhe ban dap.
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Hinh 5.18b la so d6 cdu tao co cdu didu khién kiéu tay don dé dong mé phanh dai.
Ban dap 1 quay duoc quanh tryc 2. Khi dap 1én ban dap, thanh kéo 3 dich chuyén lam
quay tay don 4 va truc 5, din d€n quay don 6, kéo thanh 7, l1am cho don 8 quay va do
d6 dai phanh 10 dugc kéo, xi€t dai phanh vao banh phanh.

Lo xo 11 dua hé théng vé vi tri ban diu sau khi ngudi diéu khién réi chan khéi
ban dap.

Cac thong s6 1am viéc clia co ciu diéu khién 12 do dich chuyén u cda chi tiét cong
tac cia khop ndi hay phanh va lyc q can thiét d¢ dong hay mé né. Cong tac dong 1én
chi ti€t cong tic A, = q.u s& can bing v&i cong dit lén cin gat hay ban dap A, = p.y
(voi p 1a lyc dat 1én tay gat hay ban dap va y 12 dich chuyén cia no).

Néu 7 la hiéu suit cda co cdu, thi ti $6 truyén cin thiét:

i>-4 5 ¥y
pnqlp - u

Trong do:

Ny, - hiéu suét lyc;

Ny - higu suat dich chuyén.

Gia tri ny, = 0,98" v&i n 1a s6 khdp ban 18. Gia trj n,,, ké d€n bién dang cia céac chi
ti€t truyén va khe ho trong cac khop. Co thé 13y gan ding ny, = 0,98".

He thong diéu khién kiéu tay don co ciu tao don gian, ré tién song do ¢6 qua nhiéu
khiu khdp ban 1é nén do nhay kém; luc didu khién 1on, hiéu sudt thdp; thuong xuyén
phéi diéu chinh dé ddm bao hanh trinh tinh toan cdia tay gat hosc ban dap diéu khién.
He thong diéu khién loai nay chi duge dung & trén cac may ¢6 cong sudt nhd hoac dung
dé diéu khién cac co cdu phy.

5.2.2. Hé thang diéu khién thiy lue

Hé thong didu khién thiy luc dugc dung rong rii trén cdc mdy xdy dung nho cé két
cdu nhd gon, ¢6 kha nang truyén luc di xa. Lyc tic dong lén tay diéu khién, ban dap
va hanh trinh cla ching nho hon nhiéu so véi he thong diéu khién kiéu tay don.

Co nhidu cach phan loai hé thong didu khién thiy lyc.

Theo nguyeén 1i tic dong chia hé théng diéu khién thiy lyc ra hai loai: hé thdng diéu
khién thiy luc khong bom va hé théng diéu khién thiy lyc cé bom,

Theo tinh chét tudn hoan cda chdt 16ng trong hé thdng c6 hé théng diéu khién theo
mach hé& va hé thang diéu khién theo mach kin (hinh 2.18).

Theo phuomg phap tic dong 1én he c6 hé thong didu khién ban ty dong va he diéu
khién ty dong.
a) Hé thong diéu khién thuy luc khong bom

So d6 hé thong diéu khién thiily lyc khong bom trén hinh 5.19 dung dé diéu khién
phanh dai. Ap lyc diu trong duong ong duoc tao ra trong xilanh tao dp 7 nho su dich
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Hinh 5.19: So d6 h¢ thong diéu khién thiy luc khéng bom
1. Binh ddu; 2. Ban dap: 3. Van kim; 4, 5, 6. Lo xo: 7. Xilanh tao dp; 8. Thanh ddy kiéu
con lan; 9. Truc quay cua ban dap va cam 12; 10. Xilanh cong tdac; 11. Ddi phanh; 12. Cam

chuyén cia pittong khi dap ban dap 2. D4u ¢6 4p trong dudmg dng truyén huc téi xilanh
cong tac 10 lam pittdong cda n6 dich chuyén, kéo cing dai phanh 11.

Cac 10 xo0 4, 5 va 6 ¢6 tic dung dua hé thong (pittong 7, ban dap 12 va pittdng 10)
tré vé vi tri ban dau khi dimg tic ddng l&n ban dap 2.

Ap luc dau trong xilanh cong tac sg la:

_4PLim,;
T
Trong dé:
P, - luc tac dong 1én ban dap;
i-ti s truyén hé tay don;
D - dudng kinh xilanh tao 4p luc;
M, - higu sudt cla tay dén va xilanh,
Hanh trinh cia ban dap s& la:
S = D‘j :Se i+ 8,.1;
D,
Trong d6:
D., S, - dudng kinh cda xilanh cong tic va hanh trinh pittong;
1, - hiéu sudt thé tich;
8, = 0,15 + 0,25 - khe hé gita thanh ddy 8 va can pittong cia xilanh tao ap 7.
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Néu ldy hanh trinh cida pittong trong xilanh tao dp la (0,8 + 1,0)D thi:
08+10 n

1N - hiéu suat k€ dé€n sy nén ciia dau va sy dan né cla dwong dng, phu thudc vao
modun nén thé tich cda ddu cong tic va mddun dan hdi cda vat lieu lam dng. Tri 56
1 khong nhé hon 0,85.

He thong didu khién thiy luc khong bom ¢6 cdu tao don giin, do tin cdy cao, nhay
nhung d6 chinh xac khong cao vi phu thudc vao ngudi diéu khién.

Trong do:

Co6 thé tham khio hé théng diéu khién thdy luc khfmg bom cho & hinh 4.32 dung aé
diéu khién co cdu di chuyén banh hoi khi quay vong.

b) Hé¢ thong diéu khién thuy luc ¢6 bom

O hé thdng diéu khién thiy lyc ¢6 bom, 4p luc ddu duoc tao ra nhé bom thiy lyc
duge din dong may. Ngudi lai may sé diéu khién van phan phdi thong qua tay don hay
cdc nam cham dién tir dé dua diu d&n cac xilanh cong tic. Céac xilanh cong tac ¢6 thé
taic dong mot chidu hodc hai chiéu. & xilanh tac dong mot chiéu, sy trd vé vi tri ban
ddu cida pittdong duge thyuc hién nhd 16 xo hodc sy tic dong nguge lai cliia cum diéu
khién (10 xo cda li hgp ma sat, d6i trong phanh v.v...). Trong xilanh cong tic tic dong
hai chiéu, dau cé ap s& di vao khoang phai hodc khoang trdi cia xilanh, vi vay phai cé
hai nhianh dudng 6ng noi gita xilanh va van phan phéi.

Déau thiy lyc trong hé thong diéu khién thdy lyc ¢6 bom la ddu khoang c¢d cac ma
hiéu khdc nhau phuy thudc vao nhiét dé moi trudng. Ap lgc lam viéc danh nghia cda he
thong tir 4 dén 6MPa va do vay thuong diung bom thiy luc kiéu canh quét hodc bom
banh rang. Hinh 5.20 mo ta so 46 diéu khién ¢6 bom dé diéu khién céac co cdu clia mot
cén truc - may xtc.

Ning sudt yéu cau clia bom dugce xac dinh:

n

Qu = (1,5 + 2,0).20,785D% S, Z, , (cm’/ph) ;

i=1
Trong do:
D;, S, - duong kinh lam viéc cia xilanh va hanh trinh cla né, cm;
Z; - s0 lan déng md trong | phiit;
n - s& xilanh cong tac trong hé théng diéu khién;
(1,5 + 2,0) - he s0 ké d&€n t6n thit do ro i diu.
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Hinh 5.20: So d6 hé thong diéu khién thiy luc 6 bom
dé diéu khién cde co cdu cia cdn truc — mdy xiic 31254
1. Bom; 2. Thang ddu; 3. B¢ loc; 4. Cum phdn phéi trén binh tich ndng;
5. Ap ké; 6. Kenh dén nguoc caa dieong ddu c6 dp; 7. Bo tich ap;
8. Bo loc: 9. Buong ong 6 dp; 10. Cunt van diéu khién; 11. Puong héi;

12, 13. H¢ thong diéu khién rhity liee khédng phanh 127 va 137 ciia 1oi ndng chinh;
Cum van didu khién: 14. Phanh 14" co cdu quay; 15. Phanh 15 co cdu di chuvén,
16, 17. Khop néi 16°, 17" d¢ ddo chiéu co cau quay; 18. Khop néi 18" cia tang ndang var;
19. Khop noi dao chidu 19 ' ciia tang ndng vdr: 20. Khop néi 207 cha tof ndng phu; 21, 22.
Khep nédi dao chiéu 21°, 22" ciia toi nang cdn; 23. Tay dav didn khién phanh tof nang cén;
L I L IV, Cac tay gat cia hé diéu khién kép cac van tricor T4+ 22,
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5.2.3. Hé thong diéu khién khi nén

Hé thong diéu khién khi nén dugc diung trén cic may xay dung ¢ nhd va trung binh
dé dong m¢ 1i hgp, khép ndi, phanh v.v...

Uu diém cila he théng diéu khién khi nén 12 d& diéu khién, ém, nhe nhang, nhay va
sach s&, khong 6 nhiém moi truong do st dung khong khi sach. Nhuge diém cia né 1a
khé khin trong viéc lam giam do &m khong khi mot cach tuyet di. Néu khi nén ¢6 1an
hoi nuoc s& 1am cho mdy ngung hoat dong. Cac co cdu chip hanh thudng co khuodn
khd kich thudc 1on do ap luc khi nén thip 0,7 + 0,8MPa.

" So d6 cdu tao cha he thong diéu khién khi nén dugc mo ta trén hinh 5.21.

/4

Hinh 5.21: So dé he thong didu khién khi nén
1. Mdy nén khi: 2. Bo tdich am kiéu ddu; 3. Binh chita khi nén;
4. PBong ho do dp sudt; 5. Van an toan; 6. Bé phan phoi,; 7. Bdt hoi;
8 Xilanh; 9. Phanh dai; 10. Guédc phanh; 11, 12 — Lo xo.

Khong khi nén tir may nén khi 1 dugc dua vao bd tach dm kiéu diu 2, sau do vao
binh chia 3. Ap suat khi nén dugc kiém tra bing déng hé 4, khi nén du thira sé duoc
xa qua van an toan 5. Khi nén tir binh chita vao bd phan phdi 6 sau dé vao bat hoi 7
hodc vao budng lam viéc cda xilanh 8 dé diéu khién dong phanh dai 9 hodc gude
phanh 10. Khi mé phanh, ngudi 1ai dirg tac dong luc vao cin didu khién hoidc ban dap,
bo phan phdi 6 sg trd vé vi tri 1am cho khong khi nén tir bat hoi 7 hodc xilanh 8 theo
duong dng dan qua né thoat ra ngoai trdi. Cac 16 xo 11 hogic 12 1am cho phanh 9 ho#c 10
md ra tire thi,

Luong khong khi tigu thy trung binh trong 1gid cda hé thong diédu khién khi nén
dwge xac dinh theo cong thitc:

n

S W ) Z.V, , (cm’s) .
Q 3600 =1 )
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Trong d6:

V, - thé tich khong khi tiéu thu cho mot 14n thao tic cla phan tir thi i, cm?;
Z; - s8 1an déng m& trung binh trong 1gid; '

n - s& phin tt tiéu thy khi nén.

Gia tri V, duoc xéc dinh theo céng thic:

- Vi xilanh khi nén: V =F.§;

- VGi "bat hoi™ V= %(03 + Dd + d).S;

Trong do:

F - dién tich tiét dién pitténg, cm?;

D - duong kinh ngoai cda mang ngin, cm;
d - dudng kinh cdn ming ngan, cm;

S - hanh trinh ¢a cdn, cm.

Nang sufit cia may nén khi Qu cin phai 16n hon lugng khi tiéu thy trung binh Q,
nén ta co:

Qu =k.Q
Trong d6: k - he s du triv, k = 1,3 + 1,4,
Thé tich htu ich cda binh chira khi nén xic dinh theo cong thirc:
Vv, = k’.Q.t . (cm?)
Pmax ~ Pmin
Trong dé:
k' -hesodutt, k> =1,1 + 1,2;
t - thoi gian cin thigt d€ nap diy binh (thudng t ~ 20 + 30s);
Pmaxs Pmin - &p sudt lon nhat va nhd nhdt cda khong khi trong binh chita.

5.2.4. Hé thong diéu khién dién

Diéu khién dién trén may xay dung 6 thé biing tay, ban tir dong hodc tuy ddong. Theo
phuong phap diéu khién phan ra:

1) Diéu khién truc ti€p biing chuyén mach & mach chinh (mach dong luc) nhe bod
khong ché (K) - (Kontroller).

2) Didu khién gian ti&p thong qua hé thong role, congticto nho ciac cudn hit dién
tr (M) va thiét bi diéu khién. Diéu khién bing cach niy s& co k&t cdu nhd gon, luc tac
dong khi didu khién nho.

3) Piéu khién tr xa nhé céc cudn hat dién tir nhung vdi sy truyén tin higu didu khién
tir thié't bi diéu khién dic biét cé cong sudt nhd qua thi€t bi didu khién co hoc tir xa dé
ma héa, phin tach theo thoi gian, tin s8 va pha, khuéch dai. dich ma va bién déi tin
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hi¢u didu khién. Tin hi¢u diéu khién c6 thé dugc truyén theo diay din hay dudi dang
song dién tir.

Lua chon phuong phap diéu khién (K) hay (M) phu thuoc vao ch€ do lam vigc va
cong suat dong co cha thiét bi.

Thuong cong suat ddng co nhd hon 10kW véi ché do lam viéc khong qud ning nhoc
thi dung diéu khién truc tiép K, con lai nén dung diéu khién gian tiép M.

So db nguyen 1i va cac thi€t bi diéu khién s& duge nghién ciu ki trong céac gido trinh
chuyén mon.

5.2.5. Hé thong diéu khién tir dong

Muc dich cta diéu khién ty dong 1a nang cao ndng suit may, nang cao chdt luong
lam viéc clia may va thay th€ mot phdn hodc toan bo sirc nguoi. Trong diéu khién wy
dong tdn tai hai hé thong: he thong didu khién ty ddong mach hd hay con goi 1a ty dong
héa thong qua diéu khién va hé thong didu khién ty dong mach kin - ty dong héa thong
qua diéu chinh.

Heé thong diéu khién ty dong mach hé c6 so d6 nguyén li nhu trinh bay & hinh 5.22.

. Phan | m | Phantr | r | Phintx | Z | D6i twong ——m
Tln\hi¢ll tr nhay diéu hanh chdp hanh didu khién Tin hiéu
VA0 ra

Hinh 5.22: So dé nguyén Ii hé thong diéu khién mach hé

Tin hiéu vao X tac dong 1én d&i trong didu khién dugc do bing cac phan tir nhay
cua hé, no xir ki tin hiéu nhan duge va truyén lénh m cho cac phan t& diéu hanh. Cac
phdn t& diéu hanh khué&ch dai 1énh m va nhé tac dong cia lénh r buge cac phén tir chap
hanh phai chuyén dong, sau dé tin hiéu Z tac dong lén ddi tugng diéu khién.

Hé thong diéu khién mach h& c6 cdu tao don gién, ré tién hon hé thong diéu khién
mach kin. N6 dugc st dung nhiéu khi ¢6 thé bd qua dugc anh hudng xdu cia réi loan
tac dong lén he théng. Trong hé théng diéu khién ny dong mach kin, phin ti nhay khong
cam thy tin hiéu vao X (hinh 5.23), nhung né cam thy truc ti€p sy thay d6i tin higu
ra Y cda déi tagng didu khi€n va hiéu chinh né phu hgp véi 1énh cho trudc hay theo
chuong trinh dat sin.

D — . bai trong _
X2 ——= Tin hiéu vao diéu khién Tin higura _ vy
———ie] x -
X ———| 7 Y
Phan tix r Phén t&r m Phan tir
chap hanh diéu khién [ nhay

Hinh 5.23: So do nguyén li hé thong diéu khién tw dong mach kin
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Pé hiéu r6 hon vé diéu khién ty dong, cé thé tham khao mot s6 vi du cu thé cia hé
thong diéu khién ty dong & mot s6 may xay dung:

a) Tu dong héa qud trinh diéu khién ludi wi theo tin hiéu truot ¢ mdy bdnh 16p:

Khi thi cong dit bing mdy i, giai doan dao, tich d4t thuong str dung cong suit
dong co la lon nhat. Trang thdi chiu tai cia dong co phdn anh r6 nét qua do truot
cia by di chuyén. V&i may di chuyén bing banh xich co do trugt khong dang ké,
khodng 1,5 + 2% nhung v&i mdy banh 18p ¢6 d6 trugt kha 16n, 161 15 + 18%, anh hudng
dén sy lam viéc ciia mdy. Hinh 5.24 gidi thiéu so dé diéu khién theo tin hiéu truot.

Bom A duoc 1dp vao banh bi dong, bom B lEp vao banh chi dong. O tai trong danh
nghia, bom A va bom B ¢é luu lugng nhu nhau.

Hinh 5.24: So do diéu khién

hievi @i theo tin hidu triepr
1. Bom chinh; A. Bom ldp vao banh bi
dong; B. Bom ldp vao banh chi dong:
2. Xilanh thuv luc theo doi; 3. Bd phan
phdi: 4. Xilanh nang hg ledi di; 5.
Leevi iii; 6. Van an toan; 7. Duong ong
dan: 8 Thang ddu.

O ché do lam viéc binh thudng (khong cé truot), bom A va B lam viéc khong tai.
Khi tai trong ting 1én (cé sy trugt), toéc do quay clia cac banh cham di (banh bi dong
quay cham hon bdnh chi dong), nén luvu lugng thira sé vao xilanh theo déi 2 (la xilanh
c6 lién hé nguoc). Dudi tic dung cia dp suit ddu, pittdong cla xilanh 2 chuyén dong
xudng dudi, qua co cdu don bdy tac dung vao van phan phoi 3. Dau tir bom chinh dugc
cung cdp vao budng dudi cda xilanh thiy luc nang lugi i 4. Nho thé ludi Gi dege nang
1én va lyc cin cit giam xudng. Dong thoi véi viec nang ludi Gi, xilanh theo doi 2 qua
cén va co cfiu don bdy lam van trugt cia bo phin phan phoi chuyén dong vé vi tri trung
gian, két thic qua trinh diéu chinh.

Nguoc lai, néu chiéu sau cit nhd, tdc do di chuyén may kéo s& nhanh lam banh bi
dong quay nhanh hon banh chii dong, nén hru lugng diu & bom A 16n hon bom B, dau
con thi€u sé dugc hat tir xilanh theo doi 2, pittong nhd ¢6 10 xo s& lam di chuyén con
trugt cia van phan phoi 3 xudng phia dudi. Nhu vay dau tir bom chinh sé vao budng
trén cda xilanh cong tic 4 lam ha ludi Ui xudng. Sy ha luai 4i dién ra téi khi nao do
trugt cia banh chd dong 16n hon 49 trugt da quy dinh va luu lugng ctia cic bom khong
can bing.
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b) Tu déng héa qua trinh diéu khién cua mdy xic gdu nguoc theo quy dao cho truce.

Trén hinh 5.25 mo ta hé thong diéu khién mdy xic gdu nguoc ¢d st dung truyén
dong thiy luc theo doi. Hé thong truyén dong thiy luc theo doi dung dé sao chép lai
quy dao chuyén dong cla giu theo mot ti 1& nhat dinh. Hé théng chi yéu dua trén
nguyén tic mai lien hé ham s& chuyén dong cla cin vai tri tri cda tay giu.
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Hinh 5.25: So d6 didu khién gdu mdy xic gdu nguge voi truyén dong thiiy liec theo doi
I, 2. Bo phan phoi; 3, 4, 5. Xilanh; 6. Tay gdu; 7. Cén; 8 Thanh kéo;
9. Tay don phu; 10. Ddt trich higu chinh chuyén dong cdn.

Xilanh tay giu 4, xilanh gdu 5 duogc diéu khién doc 1ap theo y muén cda nguoi lai.
Tay don phu 9 phong theo tay gdu va gau, cung véi cin 7 va thanh kéo 8, tay giu 6
tao thanh hinh binh hanh ABCD.

Piu cudi cua tay don 9 dugc ndi voi con trugt A chuyén dong trong bd phan din
huéng 1dp v&i can dat trich 10 hiéu chinh chuyén dong cén. Dit trich 10 chuyén dong
lam lién quan dé€n van truot bo phan phdi 2. Con trugt A chuyén dong trong bo phan
din hudng, qua dat trich 10 s¢ ddy hodc kéo van trugt bd phan phoi 2. Nho viy dau sé
duge cung cdp vao xilanh 3 d€ nang ha cin. Diéu chinh chuyén dong cho phép dam
bao quy dao cha ring gdu tuong ty nhu dang ciia bd phan dan hudng. He thong diéu
khién thiy luc theo doi ddm bdo quy dao dao sai s6 so véi quy dao cho trudc khoang
+ 25mm.
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Chuong 6
KHAI NIEM CHUNG VE PONG LUC HOC MAY

§6.1. NHIEM VU VA PHAN LOAI

Nhiém vu co ban ctia ddong luc hoc may 1a nghién ciru tdc dong qua lai gitta chuyén
dong va luc cing nhu ng sudt xudt hién trong qua trinh chuyén dong cla may. Bai
toan dit ra trén day diac bigt quan trong v&i may c¢é van tdc lon.

Thong thuong d€ gidi bai toan dong lyc may ngudi ta phai ti€n hanh céc budce sau:

- Lap mo hinh tinh todn; |

- Thiét 1ap phuong trinh chuyén dong va gidi phuong trinh d3 lap;

- Danh gia k&t qua va rit ra két ludn can thiét cho may hoiac ciu tric thuc.

Thyc t€ ba budc néu trén ¢6 lién quan mat thi€t véi nhau. Viéc thi€t 1ap mo hinh
tinh toan cang gin vdi thyc t€ bao nhiéu thi qud trinh tinh toan cang phirc tap by nhiéu
va két qud thu nhan duge cang gin vai thue t€ hon. Tuy nhién trong thuc t€ khong phai
lic nao cling ¢6 thé thigt lap duoc md hinh phan 4nh ddy dd va chinh xac diéu kién
lam viéc cla mdy, hon nira trong nhiéu trudng hgp 46 chinh xdc khoéng doi hdi qua
khit khe, do d6 viec chon mé hinh tinh phy thudc rat nhidu vao yéu cdu bai todn dit
ra. Mo hinh dugc chon mot mit phai don gidn nhat cé thé dugc, mit khac k&t qua nhan
dugce phai di do chinh xac yéu cau. Mo hinh nhu vay thudng duge goi 14 md hinh tdi
thiéu. Trong dong luc hoc md hinh tinh todn ndéi chung gédm cac phin t& sau:

- Khoi lugng la phan t tich loy dong ning

- Phin tir dan héi 1a phéan ti tich ldy thé nang

- Phan ttr gidm chin 12 phin t& tieu hao nang lugng

- Bo kich dong la phdn t& cung cdp nang lugng

Béng phép mo hinh héa trén day ta da duva viée nghién ciru dong lyc hoc ctia may
that vé viéc nghién ctu mod hinh twong duong vaéi né va vé thyc chat 1a mot co he
chuyén dong phu hop v6i cac lign két. Diéu quan trong o6 tinh chdt quyé&t dinh dén do
phic tap, tinh chinh xac ciia két qua 12 cédc gia thi€t khi nghién ciu ciing nhu viéc chon
cdc phin t& dic trung cho mé hinh.

Tuy theo cich quan ni¢m cac phén tl¥ trong hé ¢6 thé phan mo hinh thanh céc truong
hop sau:

- Hé roi rac 1a heé trong d6 vat rin chuyén dong cé khoi lugng tap trung khong bién
dang, con phan tr dan héi xem nhu khong c6 khoi lugng.

- Hé lién tuc 12 hé trong d6 phin tr dan héi cé khai lugng, hodc vat rin duge xem
c¢ khoi lugng phén bo va bi€n dang dan hdi. Khac véi trong xdy dung, trong dong luc
hoc may mo hinh duge nghién citu phd bi€n 1a mo hinh rdi rac.
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Khi nghién ciru dong lyc hoc may, sau khi chon mo hinh nghién citu, viéc 1lap phuong
trinh mo ta chuyén dong clda né 1a mdt budc khong thé thi€u duge. Phuong trinh (hodc
he phuong trinh) dugce 1ap 13 cac phuong trinh (hodc hé) vi phan. N&u phuong trinh vi
phin miéu ta chuyén dong nhd cia hé chuyén dong thi hé d6 thudng duge goi la he
dao dong, vi vay viéc nghién ciru dong luc hoc mdy khong thé tach vai cac ki€n thuc
vé dao dong co hoc.

Mo hinh tinh todn c¢6 thé 1a tuy&n tinh néu phuong trinh mo ta chuyén dong cda né
12 phuong trinh vi phan tuyén tinh hoic la phi tuy€n n€u phuong trinh vi phan la
phi tuyén.

Viéc gidi cdc phuong trinh nay phai dia vao ki€n thic ctia todn va may tinh nén
khong néu & day.

§6.2. XAC PINH THONG SO CO BAN CUA MO HINH TINH TOAN
6.2.1. Khii niém vé thong s dong luc

Thong s chi y&u cda md hinh 1a kh&i lugng, phan tir dan héi (16 xo0), gidm chédn va
phan tr kich dong. Phuong phap chi y€u dé xac dinh cic thong s dong luc néu trén
l1a phuong phép thuc nghiém va phuong phap giai tich. Do didu kién cia gido trinh,
dudi day chi trinh bay nhing so luge vé hai phuong phéap nay.

6.2.2. Xdc dinh biing thyc nghiém théng s6 vé khéi lurong

Nhur da bi€t trong co hoc, cic thong s6 cdn
duge xdc dinh 1a: khdi lugng, vi tri khai tam, vi
tri truc mdmen quan tinh trong hé toa dd di cho
va gid tri cAc mOmen quén tinh. l g

As
Tuy theo gid tri cho trude clla md hinh cac 5 }
dai lugng trén c6 thé tinh tryc ti€p nhu can céic f]”’r @ .
vat, hodc cé thé dung phuong phép phan nhé vat _ [ vy
thanh nhing phin td quen biét (vong tron, chir 25
nhit, vudng, ciu...) réi dp dung cobng thic da

biét trong co hoc dé€ tinh.

Vidu 1: X4c dinh toa dd trong tdm cda vat 1,  Hinh 6.1: Xdc dinh 10a d6 trong tam
bi&t khdi lugng cda nd 1a m. bdng phuong phdp tinh

So d6 x4c dinh toa d0 trong tam X, duoc trinh bay & hinh 6.1.

_mpgl myl

Dé thdy ring: X, —
m.g m

(6.1)

Trong d6: m, - kh&i lugng qua cén;
g - gia tdc trong truong ;
[ - khoang cach tir ¢iém treo d€n tam dia can.
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tinh va toa d0 trong tam cua vat ¢d
hinh dang miéu ta & hinh 6.2.

¢6 thé ti€n hanh nhu sau:

A va sau d6 cho vit ldc quanh

Vi du 2: Xéc dinh mémen quan

Pé xac dinh mémen quén tinh voi
kh@i tam Jg va cac khodng cach a, b

[}

Trude hét cho vat ldc quanh diém

diém B. Nhu da biét trong vat i khi Hinh 6.2: Xdc dinh ddc trung khoi lugng

vat ldc quanh A va B ta c6 chu ki cla theo phuong phdp con lde vat I ,
PR A, B - Diém treo ; a, b — Khodng cdch cdn
con lac Ia TA va Ty vor: xdc dinh ; e — Khodng cdch hai diém treo.

JA
T, =2n s (8) (6.2)
m.g.a
g
Tg = 27 D (s) (6.3)
m.g.b
Mait khac ta lai co:
Jp =Jg + ma’ (6.4)
Jg = Jg + m.b’ (6.5)

Sau khi do T, va Ty, tir cdc phuong trinh néu trén d& dang xac dinh duge Jg va a, b:

+ T3
b=e " 2g (6.6)
. 2 2
L2 _ 72
2( : )_TA T2
Tg 2
Ig = —zm.g.b - mb : (6.7)

4n

Véi ddu + khi S nim ngoai AB (hinh 6.1b) ;
dau — khi S ndm gita A va B (hinh 6.1a).

6.2.3. Xdc dinh d6 cimg cia phan t& dan héi

Phan tir dan hdi 1a cac phan tir chiu bi€n dang trong mo hinh tinh toan. N ¢d nhiém

vy tich lay ning lugng dudi dang thé ning hay con goi 1a cong khi bién dang. Thong
s6 dong lyc hoc dic trung cia phén tir dan hdi la do cing C cda né. Phan tr dan hoi
¢6 thé 1a nhirng khau dan hdi nhu 16 xo, dém cao su, song ciing c6 thé 12 nhimg vat rin

nhu cac truc, cac banh rang, day ihép, day cap, khau thdy luc, betong... tay theo diéu

kién 1am vigc cing nhu tdy theo mé hinh tinh toan duge chon, Cung mot vat rin & mo

253



hinh nay la cimg tuyeét d6i, song & mo hinh khac lai phai xem né 1a khau dan héi. Vi
du cing mot truc quay, song néu & t6c dd quay thdp ta c6 thé xem né 12 cing tuyét
d6i, nhung tdc d9 quay dat d€n mdt gidi han nao d6, khi tinh todn ddng lyc lai phai
xét d€n d6 cung cla né. Ty theo trang thai chju luc, d¢ cing cia phan ti dan héi duoc
chia ra 46 cing xodn cho cic khau chuyén dong quay chiu mémen xo#n, do cing uén
cho chi tiét chiu uén, do cung theo mot phuong ndo d6 trong chuyén dong tinh tién.
Quan he gitra luc va bién dang c6 thé biéu dién dudi hai dang sau:
Luc = Do ciing x Bi€n dang

hodc: Bién dang = Luc x Bd mém

Viéc tinh toan do cing cia mot chi ti€t hay nhiéu chi ti€t ghép n6i véi nhau da dugc
trinh by trong cac gido trinh nhu co hoc li thuyét, sirc bén vat lieu, co két cdu... Dudi
day chi nhic lai viéc tinh todn mot s& chi ti&t dién hinh hay gip trong tinh todn dong
luc hoc mdy.

a) D6 cing cua lo xo thép:

Nhu d3 bi€t, do cuing cda 1o xo trong thép dugc xac dinh nhur sau:

c= Gd
8n.D’
Vé6i: G - niodun trugt cda thép, G = 7,9.10'° N/m?
d - dudng kinh day 16 xo, m;
n - s6 vong 10 xo lam viéc;
D - dudng kinh 16 xo, m.
Trong thyc t€ 16 xo ¢6 thé ndi véi nhau thanh
hé nhiéu 10 xo. Trong trudng hop dé phai thyc ¢ C} .
hién tinh todn 10 xo thay th&€ tuong duong (con — L
g0i 1a tinh todn do cing quy déi). Nguyén tic
chung khi xac dinh 46 cing cia 16 xo thay th&

(6.8)

trong duong 1a the nang cda cac 10 xo dugc thay ;l—'

th€ phai bing th& ning do 10 xo thay th& sinh ra.

Thyc t€ hai h¢ ndi 16 xo thudng gap nh4t 12 he 9 9

méc song song va heé mic n6i ti&p. Hinh 6.3: H¢ hai 16 xo mdc song song

Trong truong hop hai 10 xo mic song song (hinh 6.3) ta cé:
F=Cix+Cx =Cx
Suy ra: Cy=0C,+C; (6.9)
Trong d6: C,, C, - 40 cung hai 10 xo thanh phin;
C.¢ - 40 cung tuong duong.

N&u he ¢6 n 10 xo mic song song ta co:
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n

Cy=2CG ' (6.10)
1

Trong d6 : C; - dd cing cia Id xo thi i trong hé.
Mot cach tuong ty khi hai 16 xo mic n6i ti€p
(hinh 6.4) ta c6:

G
F = C]X! + szz = C[dx (61 l)
Vi X=X + X3 {(6.12)
Suy ra: 11 + 1 (6.13)
Cld Cl C2
Néu ¢6 n 10 xo mic ndi tiép ta co:
i n 1 Hinh 6.4: H¢ hai 10 xo mdc néi tiép
— = 2 — (6.14)
Cld i=1 Cl
Bang 6.1 néu cong thitc tinh do cung tuong dumig cho mot s6 he dan hoi.
Bing 6.1. D6 cing twong duong
’?‘:([)‘ So dé P06 cirng twong duong C,
G.d*
8n.D*
] i E d - duong kinh day 16 xo;

D - duéng kinh 10 xo;
s G - modun truot;
n - so vong 1o xo.

C,+GC

3%

()
ARNANRN
SR

O

RUCSRANNN
o O

A

C, +C,
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Bing 6.1. (ti€p theo)

So dé Do cing twong duong C,

! 2=

;' -
- &

s A [ ) B 3El@ + b)

2 i
} a~b

. T ’a’ 12El(a + b)’
g ¢ . a*bl.(3a + 4b)
1 o t o td
, T ,5 1 3131(? +qb)
(4 _11_ ] a'b

| 3EI
8 ”/”'F” £ i@” 6 (b + .1

12EI
9 1 % __12EI
4 o (4b + 30).b°
4 KT
10 ' ST - CIZEI . o = E’i
ﬂ ! N aichal — shat ’ ~ Y EI
- .
¥ 4 |
a0
1 . UPISTARIE . @’ELshal ~  ~fN
! ! Ax {(adchal — shal) ° ~ YV EI

b) B¢ cung phdn ti dan héi bdng cao su

Khéc véi phan tr dan héi bing kim loai, bi€n dang cla cao su phu thudc vao chdt
lugng, tai trong, hinh dang hinh hoc vao tin s& kich dong va vao thoi gian. Nhu thé
thye chét quan hé gita bi€n dang va luc la ham phi tuyén, song trong thyc t&€, mdt cach
gdn ding thudng van xem quan hé nay 1a tuyén tinh d€ tinh todn cic phin tr dan hoi
tlr cao su.
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Pai lugng dic trumg chd y&€u ciia cao su
12 moédun trugt G. Né phu thudc vao do
cing Shore (hinh 6.5).

Su phu thudc clia médun trugt G vao 4
cing, quan hé gita modun trugt G va do
cuing Shore thuéng duoc thi nghi¢m tai
nhi may sdn xuit.

Do dic di€ém néu trén, viéc tinh toan do
cing cha dém cao su chi mang tinh gin
ding, dé c6 gia tri chinh xdc phai tién
hanh thyc nghigm.

Do dd citng cila cao su phu thudc vao
tin s&, nén khi xac dinh d9 ciing tinh, gia
tri do cing thue t&€ clia cao su khi 1am viéc
duogc tinh theo cdng thirc sau:

Cy = Ciky (6.15)

Trong d46:

Cq - 46 cung ddng luc;

C, - do cung tinh;

k4 - he s6 dong luc (hinh 6.5).

Trong trudng hop cao su chiu nén, gia
tri 40 cing tinh C, duoc tinh gin ding nhw
sau (hinh 6.6):

c, =AE (6.16)
Trong d6:
A - dién tich chiu lye, m%;
E - moédun dan hdi, N/m®;
h - chidu cao dém, m.
Gia tri cia E phuy thudc vao hé s& hinh
dang ki va do cung Shore (hinh 6.7).

k=24 _ d (6.17)

4mdh  4h

c) Bé cing xodn

Trong ki thuat nhiéu chi tiét may chiu
momen xoin nhu truc, banh ring, banh

24
/50
K :
28
J
“ /6
L2 /
© (/ ) 20
4 s
» .
a4 y 4
- / "z
. 10

0 W WYY OL

e 6’ g lire ky

Hinh 6.5: Su phy thuéc ciia médun truot
va hé s& dong luc vao d¢ cimg Shore

Hinh 6.6: Dém cao su chiu nén
1. Kim loai ; 2. Cao su.

L/
tao /
¥ /
3 W/
E” goc;‘ y

» y4N"

e

r //, 3z
4 1
a5 10 iF Z0
kf ——

Hinh 6.7: Sit phu thugc
ctia mddun dan hdi vao ke
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dai... ma trong nhiéu trudmg hop (dic biét khi s6 vong quay cao, tai trong 1on) khi tinh
todn phai ké d€n bi€n dang xodn.

Vai truc tron, @ cing dugc tinh nhur sau:

C=G % (6.18)
Trong do:
G - modun trugt, G = 8.10'" N/m?:

,
o vl q . nd;
I - mdmen quan tinh doc cyc tiét dién tron, [ = —£, m’;

{ - chidu dai, m.

N
N #.5,6
§ et %. %6
N M
N )
N
N
N i, L 42 _jl_
\ 1
Hinh 6.8: Do cing truc bac
V@i truc bac (hinh 6.8) tacé: ¢z = @, + @, = «h—AL = M’—'— + & (6.19)
Cs € C;
Do M,, = M,, ta cé:
Cs € G
C.,. G
Hay Cy=—2=
C+G

Vi cic bo truyén viéc tinh toan d9 cing kha phic tap va da duoc trinh bay trong
cdc tai liéu chuyén mon, vi du i1l nén khong néu & day.
6.2.4. Cdc giad thiét khi tinh todn gid tri gidm chan

Trong hé dao ddng, gidm chdn c6 tac dung tieu hao nang lugng, cén tré chuyén dong.
Trong déng lyc hoc may thudng gia tri gidm chan cac md hinh 12 nhd, song trong mot
s6 truong hop véi muc dich dap tit nhanh dao dong c6 thé dung phan tr gidm chan
dac biét.

Ngudi ta phan bigt luyc gidm chin ngoai do céc lwc ma séat hoic do sirc can thiy khi
va gidm chdn trong do bién dang céic vit liéu sinh ra.

Néu goi lyc gidm chan 1a Fp thi:

258



- Néu lyc gidm chén chi phu thudc vao van t8c ma khong phu thudc ddu ciia né (lyc
can nhét) ta ¢o:

Fp=b,.q (6.20)
- Trong trudng hop ma sat kho ta cé:
Fp=b,. L (6.21)
iql
Trudng hep lyc gidm chin phy thudc vao bién 46 va tin s& ta c6:
F, = 224 (6.22)
®

Céc hé s§ by, b,, b, thudng dugce x4c dinh bing thuc nghiém, chi trong mat s4 trudng
hop méi ¢6 bi€u thirc gdn ding bing giai tich.

Trong cac phuong trinh mo ta chuyén dong luc gidm chdn hay dong hon c3 1a luc
cin nhét va duge thé hien qua hé sd gidm chan v,

(6.23)

Vol ) 8=l;m0: i
2m “m

Trong d6 : c - d0 cung clia phdn t& dan hoi;
m - kh&i lugng chuyén dong;
w, -~ tdn s6 riéng.

Bang 6.2. S6 giam chin v cho mdt sd vat liéu va két ciu xay dung

Tén . v
Thép d¢ cing cao 0,0014
Thép xay dung - thép CTM 0,0008
Gang 0.02
Gb 0,01
Cao su ty nhien 0,05
Ciu thép 0,014
Tudng gach 0,008
Méng khoi 0,06

6.2.5. Khdi niém vé phin t kich dong

Trong mo hinh tinh toan dong luc hoc phén ti kich ddng chinh 12 phdn t& cung cédp
ning lugng cho hé chuyén dong va duge thé hién qua ham s cia luc kich dong.

Trong thye t&€ c6 nhidu dang ham kich dong khac nhau, song trong d9ng luc hoc may
thudng gédp hai dang chinh 13 ham kich ddng c¢6 chu ki va ham kich déng khdng cé
chu ki.
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Ham kich ddng c6 chu ki 1ai ¢6 thé phan thanh ham kich dong diéu hoa v3 ham kich
ddng khong diéu hoa.

Hinh 6.9 trinh bay mot s6 mo hinh kich dong diéu hoa thudng gap trong ki thuat.

17 utt
4

Hinh 6.9: M6 hinh kich dong didu hoa

Hinh 6.9a 12 hé dao dOng c6 ham kich ddng la lyc F(t) voi:
F(t) = F.sinot (6.24)
Mbd hinh nay diong khi tinh méng may ho#c thiét bi rung dugce kich dong bing thuy
luc, khi, dién.
Hinh 6.9b trinh bdy mo hinh ddng lyc hoc ¢é ham kich dong i tam:
F(t) = m,.r.m.zsinmt (6.25)
Mo hinh nay dung d€ tinh toan dong lyc hoc cho cdc may rung c6 kich dong bing

qua viang nhi cic ban rung, ddm mait, ddm dii, lu rung, nghién rung, sang rung...
(hinh 6.10).

l *F(r) J F % F(r) % J— o
77;7777;7 (7

TIIT
9

Hinh 6.10: M& hinh ban rung
a) Ban rung ; b) Ban rung ép ; ¢) Ban va rung.
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Hinh 6.9c trinh bay hé dao ddng c¢é ham
kich dong la luc dan hoi voi:

F(t) = C’..sinot (6.26)

Mo hinh nay cé thé dung dé nghién ciu
mday van chuyén rung (hinh 6.11).

Mo hinh 6.9d 12 mo hinh ¢6 ham kich dong
la ham cida quang dudng hay con goi la kich
dong dong hoc vai:

F(t) = C.u(t) + b.u(t) (6.27)
hay: F(t) = (C.sinw.t + bw.coswt).d

Mo hinh ndy dang dé tinh anh hudng cia
dao dong d€n cac cong trinh, tinh gidm chdn
cho xe néu coi phd nhidp nho cda dudng la
ham diéu hoa.

N > é >/ > é

zq

Hinh 6.11: M6 hinh mdy vdn chuvén rung
a) S do, b) Mo hinh co hoc.

Ham kich dong khong diéu hoa co chu ky nhu da biét ¢6 thé coi gdn ding 1a (dng
cdc ham diéu hoa nho phép phan tich chudi Fourier.
Gia st ham F() 12 ham c6 chu ki T, khi d6 ¢6 thé khai trién ham F(t) thanh chudi

Fourier.

n

n

F(t) = a, + 2 a,.cos(kwt) + 2 by sin.(kwt) (6.28)

k=1

k=1

Trong d6: o = ?—TTE va goi la tn s6 co ban cia luc kich dong;

T
voi: % _[F(t)dt (6.29)
= % IF(t) cos (kat)dt (6.30)

T
=% [ Feosin(kotydt (6.31)

(A}

Dé thdy rdng néu F(t) 1a ham chin thi by = 0, con néu F(t) 12 bam 1é thi a, = a, = 0.

Bang 6.3 néu k&t qua khai trién Fourier ciia mot s6 ham s6 hay giip.
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Chuong 7
PAI CUONG VE DAO PONG CO HOC

§7.1. KHAI NIEM - PHAN LOAI

7.1.1. Hé dao dong va phan loai

Nhu da bi€t he dao ddng gdm cédc phin tir sau :

- Phén tir khé&i lugng

- Phédn tr dan hoi

- Phan tir can

- Phan tir kich dong

Trong thuc t&€ cdc phdn t& nay rat da dang va dugc thé hién qua c4c thong sg dic
trung cu thé (xem chuong 6).

Co6 nhiéu cach phan loai khac nhau tuy theo quan diém khi phan loai nhu theo so
bac tu do, theo phuong trinh mo ta chuyén dong, theo trang thai cia he, dudi day chi
xin nhdc lai mot cach tém tét, cach phan loai hé dao dong.

7.1.2. Phan loai hé dao dong theo bac twr do
S6 bac ty do cGa mot he chuyén dong chinh 1a sd toa do tdng quat dé€ xac dinh hoan
toan chuyén dong cda no.

Theo sd bac tr do hé dao ddong duge phan thanh hé hitu han bac tir do va hé vo han
bac twr do.

Trong hé horu han bac ty do dugc phan ra hé dao dong modt bac ty do va nhidu bac
tu do.

Hinh 7.1a 1a mo6 hinh dao dong thing mot bac ty do ; con trén hinh 7.1b biéu thj he
dao dong lic mot bac ty do.

| =
A

Hinh 7.1: Dao déng hé mér bac tu do
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Hinh 7.2 12 mo hinh biéu dién hé¢ dao ddng nhiéu bac tu do, trong d6 hinh 7.2a fa
hé dao dong thing hai bac tu do, hinh 7.2b 1a hé dao dong clia méng - may ¢6 bac ty

do béing 3.
% t%
o

& 2 (2]

db
1 < 25

A 4

AN ’

Hinh 7.2: H¢ dao dpng nhiéu bic te do

a)

Vi du don gidn cda hé dao dong vo han bac tr do la dao dong ciia dAm (hinh 7.3)
c6 ngam mot diu vai khoi lrgng phan bd va dan héi.

g=g(z.8)

ANNNRRNTNNRNNAN

Hinh 7.3: H¢ dao dong vé han bdc te do

7.1.3. Theo dic diém phuwong trinh hofic hé phuwong trinh vi phan

Theo dic diém phuong trinh mo ta chuyén dong hé dao dong dwge phan ra thanh hé
tuyé&n tinh va hé phi tuyén.

H¢ dao dong tuyé&n tinh 12 h¢ ma phuong trinh (hé phuong trinh) mo ta chuyén dong
ca né 12 hé phuong trinh vi phan tuyén tinh , ngugc lai diege goi 12 phi tuy&n.

Nhu da biét trong toan hoc viéc giai phuong trinh vi phan tuyén tinh don gian hon
nhi¢u so v&i he¢ phi tuy&€n. Trong h¢ phuong trinh vi phan tuy€n tinh cho phép cong
nghi¢m va vé nguyén tic c6 thé tim nghiém dudi dang giai tich, trai lai v4i hé phi tuyén
noi chung chi ¢6 thé gidi gan ding.

Trong thuc t€ hé dao dong thudng Ja hé phi tuyén, tuy nhién khi nghién ciu dao
dong thudng dugce gia thiét chi nghién citu dao déng nhd quanh trang thai can bing &n
dinh. Do gia thiét trén nén trong nhidu trudng hop chi cdn gitt nguyen trong céc biéu
thire toa do va van toc suy rong nhing s8¢ hang cdp thdp va bd qua nhirng s& hang cap
cao ma khong mic sai s& lon, wr d6 ¢6 thé dua phuong trinh vi phan phi tuy&€n thanh
phuong trinh vi phan tuyén tinh.
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7.1.4. Theo trang thdi hé

)
Theo trang thai, hé dao ddng dugc phan thanh "
hé dao dong ty do va hé dao ddng cueng buc.
Heé dao dong tu do la dao dong khong chiu

luc kich dong trong qua trinh chuyén dong,

; L%
| 4
ngugce lai 1a hé dao dong cudng birc. Hinh 7.1, ] s
7.2, 7.3 la cac vi du hé dao dong tir do. Hinh 7.4 m ;
5 e
s e Sy
TSI

la hé dao dong cudng burc.
Hinh 7.4: Dao dong

cudong biec mor bdc ne do

AN BN

Trong hé dao dong ty do con ¢6 thé chia ra
dao dong tr do ¢d can hodc khdong cdn va thy
theo lyc can chia ra dao dong tv do ¢é ¢an ma
sat nhot, kho...

Ngoai cach phan loai trén day trong thuc t& cdn ¢6 nhiéu cach phan loai khac nira
va do d6 con gap nhiéu hé dao dong khac nhu va rung (hinh 7.5a) hé dao dong ngiu
nhién (hinh 7.5b), hé dao dong thang s6 (hinh 7.5¢), hé ty dao dong...

7
4 ¢}
v
7 Vi #ri'can borg tin
%,
()

Hinh 7.5: Cdc he dao doéng
a) 1. Ban, 2. Peém dan héi chiu va dap ; 3. Nén ; 4. Phdn te dan héi.
b) m;, m, — Khéi luong romodc ; banh xe; C|, C, — Phén nr dan héi ;
b— Phdn tie giam chdn ; &, £, —~Toa dp t6ng qudt ; n.(t)— Ham kich dong ngdu nhién.
¢) F(t)— Ham kich dong ; v, x — Toa dé téng qudt.
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Chd ¥ rdng sy phan loai cac he dao dong dugc trinh bay & trén theo nguyén tic doc
lap nhau vi viy mdt hé khi duoc khio sat cidn phai xem xét cy thé.

§7.2. PHUONG PHAP THIET LAP PHUONG TRINH CHUYEN DONG
Co nhiéu phuong phap dé thiét lap phuong trinh chuyén dong miéu ta hé khio sat,
nhu phuong phap luce, phuong phdp bi€n dang, ding phuong trinh Lagrange loai II...

Viéc chon phuong phap nao d€ thiét 1ap phuong trinh chuyén dong phy thuoc ciu
tric cda hé khio sat. P81 vdi cac hé rdi rac, thuan tién nhit 12 ding phuong trinh
Lagrange loai 1.

Phuong trinh Lagrange loai II dugc viét nhu sau:

Loy Ly X (7.1)
Aqy ach G
k=1,2,....n
Trong dé: L=T-U. - Ham Lagrange
%i‘: E) Qi Q. - Ham dong nang (7.2)
n n
= %5‘1 E CiQiqx - Ham thé’ ning (7.3)
n n
o = %E; fi‘.. xqi QG - Ham hao tin (7.4)

qy. F(t): toa dd suy rong va luc suy rong _
Néu viét dudi dang ma tran ta cd:

T= %iqu (7.5)
1 'r

B 7.6
¢ = 59 q (7.6)
U= .;_q'rcq (1.7)
qT = [ql L] q2 A qu]T (78)
A = (ay) = [ay] ' (7.9)
B = (by) = [bul] . (7.10)
C = (ca) = [cul (7.11)
F=I[f, . ]

Vi du: Lap phuong trinh chuyén dong cia hé dao dong c6 mo hinh dugc miéu ta &
hinh 7.6 v&i luc can phu thudc vao van tdc Fe = bq.
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aﬂ a%'
. 77

< / 2 L

_/\/W/—' __f_(f )

i

2

Hinh 7.6: Hé dao déng hai bdc re do
T md hinh ta cé:

1 "9 '
T = E(mlch + mzqg)
1 4 ] 3
U==-c¢q + (@, = q4)
> 19 5 (9, Q1
I "2 "2 2 2
L =5[m1Q1 + myqy — ¢y — (g2 — q)7]
$ = lbl(ﬁ + lb‘?((.lz - "]1)2
2 2
oL : d s 0L
— Jl=m =
( aq.) % dt(dch

)
(é-]‘i)= Myqy $ 4 *QL_.): m,q,

aq; o de &g,
oL =-C1q; +C2(Q2 - q))
oq,

=-Cr(q2 — q1)

oq,
ﬁfk = b!éll - bz((.lz - éll)
aq,

2

= b') ( b R :
24, 2092 - @)

Phuong trinh c6 dang:
mg; + (by + by) (::ll = by + (¢ + ¢ q
myqs — bagy + brQy — Gy + €29, = F(1)
Hay vi€t dudi dang ma tran cé:
Aq + Bq + Cq=F(t)

(7.12)

(7.12a)

(7.13)

(7.13a)

(7.14)

{(7.14a)

- Cq;=0

(7.15)
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[ b, +b, —b,
véi: A=m‘0}; B:[‘ 2 }
0 m, 2

—C1+C2 -Gyl RIS
-G Cy |’ e

0
= ro)

§7.3. DAO PONG TUYEN TINH HE MOT BAC TU DO

C=

7.3.1. Dao dong tur do khong luc cén
Hinh 7.7 miéu ta hé dao déng mdt bac ty do khong cén.
Ap dung phuong trinh Lagrange loai 2 ta cé:

T=%m.'q:; (1.16)

U=i.c.q2 - m.g.q; ¢
2 m C P
d JL . )
= | =mq; =
d g

15)= ™ | 3
z m
A qgemg; 2 Y
oq m

. (4

suy ra: m.q + c.g = m.g; (7.17) )

\ Hinh 7.7: H¢ mét bde tw do khong can

. _mg., ¢ h
Goi: Qo = _cg ’ (7.18) a} Trang thdi ban ddu ;: b) Trang thdi

can bdng tinh ; ¢} Trang thdi chuyén déng.

va: X=q-9q,;
suyra. mx +cx=0; (7.19)

Nghiém cia phuong trinh ¢6 dang:

X = Asin(lwt+a); (7.20)
ta co X = Ao cos(mt + a); (7.21)
X = —A ol sin(w,t + o) (7.22)

vai A, o 12 2 hdng s0 toy ¥ phu thudc vao didu kién diu.
Ciing c¢o thé viét phuong trinh (7.20) dudi dang khac nhu sau:

x = B.cosw,t + C.sinw,t
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Vi B = A.sina (7.23)

C= Acosaztga—ahayA VBZ+C? (7.24)
Gia s tai: t=0céd x=x,; i:kotacéz

B=xo;C=£’—

0)0

i
A= x§+—‘J

o
tga:x‘fm"

x(')

Tir (7.20) thdy ngay rdng x 1a mot ham diéu hoa c6 chu ki

T=2" (7.25)
mO
Va tdn s6 : f=l =D (7.26)
T 2n
Chinh vi vay dao dong tr do khong cén con dugce goi 13 dao dong didu hoa.
7.3.2. Dao dgng tw do c6 can nhot
Hinh 7.8 trinh bay hé dao ddng tu do cé cén nhdét.
Gi4 thiét ring luc can Fp = bq ta cé:
T=1mg (7.27)
2
U=Llcg? (7.28)
2 - PR SE— 77/
1, .2 .7
2 ¢ & 7
L= %(qu — P (7.30)
d /0L
a (—é;]-) = mg Hinh 7.8: H¢ dao d6ng
mét bde tw do cé can nhot
oL _
—_ = - Cq
Ogy
% _
0qy
Phuong trinh chuyén dong cda he c6 dang:
mq + bg + cq=0 (7.31)
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Do gi4 thi€t nén cac dai luong m, ¢, b déu 12 hding s6, do d6 (7.31) 1a phuong trinh

vi phan tuyén tinh.

Néu goi:

Thi (7.31) viét dudi dang sau:
q + 2nq + 0lq=0
Phuong trinh dic trung cia (7.34) cé dang:

Z2+20Z+02=0

Ta cé:
"Zy=-n+ \}nz—coﬁ
Z,=-n- Vnz—(oi

(7.32)

(7.33)

(7.34)

(7.35)

(7.36)
(7.37)

Nghiém (7.36) va (7.37) cé thé thyc hoic phirc tiy theo gia tri cla Vn? —mg, noi

khéac di toy theo gi4 tri ca lyc ¢dn n = b péco mé nhan xét nghiém cia (7.34) ta

2m :
phan tich nghiém, (7.36), (7.37) thanh c4c trudng hep sau:

Truomg hop luc cdn nho: n* < o)

Goi: k= \}mg—nz vai= V-1
Ta c6: Z, =-n+ik '
Zz=‘n'ik

Theo li thuyét phuong trinh vi phan ta cé6:

q] = Ble(-lH'ik)I : q2 - Cle(-n-ik)[
va: qQ=q; +qy = Be™ 4 ¢ttt
Theo Euler

e’* = coskt + isinkt

e = coskt - isinkt

Nén:

q = e™{(B, + C))coskt - i(B; - C,)sinkt]
Hay:

q = e ™(Bcoskt + Csinkt)
Vai:

B=B,+C,

C=-B,+(
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(7.38)

(7.39)
(7.40)

(7.41)
(7.42)

(7.43)
(7.44)

(7.45)
(7.46)

(7.47)



bit: B = Asinf

C = Acosf (7.48)
B
Ta cé: tg =—
gp c
q = e ™Asin(kt + B) (7.49)
V&i gid thidt tai: t=0c6q=q,: q = g, ta c6:
tgp = —dK (7.50)
ng, + g,

Tir (7.49) ta c¢é nhan xét sau:

- Khi dao dong tu do khong cén, chu ki dao ddng T, = 275, khi ¢6 cén chu ki nay 13

0

T, = zf do k < o, nén T, > T,. N6i khiac di ma sat nhét c6 tac dung kéo dai chu ki

dao dong. Su kéo dai nay khong dang ké né&u lyc can nhod.

- S8 hang Ae™ quy udc goi la bien 49 dao dong cida hé khi c6é cidn. N6 gidm dan
theo thdi gian theo quy ludt ham s mu va tig¢m can t61 khong, do d6 goi 1a dao dong
tit dan (hinh 7.9).

- Tir (7.49) thdy ngay q ddi ddu mot cach tudn hoan c¢6 nghia 12 hé qua vi tri can
bing sau mot khodng thai gian nhu nhau. Khodng thdi gian nay goi la chu ki chuyén
dong. Thyc ra day la chu ki quy udc vi sau méi chu ki bién d¢ chuyén dong di khac
nhau mot lugng Aq, didu nay khac hdn vei dao dong tr do.

Ta co: T, = gl;n_ - 2n _ TOM_L‘__
or-n’ oy - L -
0, o,
qr’r)h
e
4 g} 4, >0
a)

9 % <A
Hinh 7.9: Quy lugt chuyén déng
ajn<w,; bjnzo,

271



- Néu goi:

Ae-“' e+nT

—_Acﬂ‘(HTI) = ! (7 S1 )

\l}:

Ta thiy ngay bién do dao dong gidm nhanh, do d6 y goi 1a hé s& tdt dan va dic
trung cho d9 giam bién dd.

Trong thuc t& hay dung hé s¢ giam loga &
8 = Iny = nT,

Khi lyuc can lom n 2 o,

Khi d6 nghiém cla phuong trinh dic trung:

Zz+nZ+m(2,=0

C6 dang: Zi,=-n+ Vn'-ol=-ntk (7.52)
Gid tri Z, , 12 s6 thuc nén suy ra:
q=e" B + Cec™Y (7.53)

Nhu d4 biét phuong trinh (7.53) khéng phai 14 phuong trinh dao ddng. Nhu thé khi
luc cin lon, n€u he bj kich dong s& khong xdy ra dao dong.

7.3.3. Dao d@ong cuéng buc khéng cin
Ap dung phuong trinh Lagrange, phuong trinh dao dong c6 dang:

mq + cq = H,.sinot (7.54)
Hay: q + olq= hsinot (7.55)
‘kP-Hi,sinwr
Vei: h=toy of -

2o £
m m g
]}

Nghiém t8ng quat cda (7.55) 1a téng ciia l
nghiém t6ng quat phuong trinh thuin nhat §6‘

va nghiém riéng cha phuong trinh khong
thudn nhat.

Nghiém tdng quat phuong trinh thudn

1 Hink 7.10: D ong bii
nhat c6 dang: in ao déng cudmg bitc

hé moér bac tie do
q; = B.cosw,.t + C.sinm,.t

Dat nghié¢m riéng cda (7.55) dudi dang:
q; = A.sinwt (7.56)
q; = A.@.cosot (7.57)
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q» = —A.0 .sinot
Thay vao (7.55) sau khi ddng nhat hé so ta cé:
h

.Sinmt
bl

m; —m”

Vi do do: Q> =

Nghiém tong quat cta (7.55) ¢6 dang:

q = B.cosa,t + C.sinot + — h = .sinot
0, — 0
Gia sir tai thoi diemt = 0 ¢o:
q=4,:9 = q;suyraB=q,
c= _ h.o
2 2
®, 0,0, —0n)
Do do:
- 9 . ho )
q = g,cosmt + — sinat — ] ST sSinogt + =5 .
9] 0,(0; —m7) m, — 0"
Hay: q=q +q>+qs
Voi: Q) = ,.COsM,t + 9o sinem,t
o,
—h -
q» = - @ — sinm,t
o0, — ")
gy = — h Ssino t

0, — 0"
Trong do:
q;: goi 1a dao dong tu do.
Q»: goi la dao dong tu do kéo theo:
qs: dao dong cudng birc thuin tiy,

Tw (7.64) cé nhin xét sau:

sinmt

(7.58)

(7.59)

(7.60)

(7.61)

(7.62)

(7.63)

(7.64)

(7.65)

(7.66)

(7.67)

(7.68)

- Dao dong cudgng birc cia hé mot bac tr do khong can gém 3 thanh phan q,, a5, qa.

- Dao dong cudng birc x4y ra vdi (An s8 bing tan s6 luc kich dong. Khac vai dao

dong ty do co bién do dao dong phu thudc vao diéu kién diu (q,, q(,) thi v&i dao dong
cudng bic q; bién dd khong phu thude vao diéu kién didu ma phu thudc vao tham so
ciia hé nhu H,, m, c. Vi vay dé thay ddi bién do dao dong ctia hé phii thay déi céc
tham s6 cda hé (do ciing, khoi lugng) n€u gitr nguyén luc kich dong.
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- Trong dao dong cudng buc néu o, > o thi dau cia g, trang vdi dau cia lyc kich
dong, noi khac di chuyén dong cudng bic va lye kich dong cing pha, nguge lai néu
o, < o thi chuyén dong cudng bire nguge pha vai lue kich dong. Khi dé vict lai qa
nhu sau:

q; = 1h - .sin(ot + 7)

oy, — 0"

_Xét: A=-1D (7.69)

al hl

o, — 0"
R rang khi o, = v cd A —» «. Pay chinh la truéng hop cdng hudng.
Xét cu thé (7.69) trong cac trrong hep sau:

Trieong hop 1: Bién do kich dong H, 1A hiing so:

A = ﬁl}___’:h’. ! - H, _ 11 :_Ii.*] :
), — (" wm; M < : O C N
" 0 LA n-— — —_
\( ] n)f,) m ( ! o ) ( ! (03,
l .
= A =LA =KyA, (7.70)
O} 1 -r
(1-37)
g,
5 ; H,
Voi; r=9 VA =2 (7.71)
M, [
Ko = | —b | goi 1a he 56 dong luc logi ) (7.72)
-1

~

D6 (hi bidu dién Ky, = K, (l) bi€u dién & hinh 7.11.

»

Mg

I

{h

|
K
B I
Yz

Ilinh 7.11.' })(5 nrl” K‘”
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Nhu thé khi m = 0 thi bién d¢ chinh la bi€n dang tinh (A,).

Khio=0,cor=1va A=owxhay K5y > =

Khi r > 1 hay ©® > o thi Ky, gidm din theo sy tang clia o, néi khéc di néu thiét bi
lam viéc viung sau cOng hudng, khi tang tan so lyc kich dong va gitr nguyén cdc thong
s0 khic thi bien do dao dong ctia hé gidm din khi tang o. '

Truong hop 2: Bign do fuc kich dong ti 1& véi binh phuong tan s6 kich dong h = u.o’
vai u 1a hing s6 U lé.

Ta c6: As—d gy b2l T (7.73)
1_(2)2 ] -1 1~
o,
A= K(IZ'U v Kdl = | ; 3 = l'l.Kd] (774)
p— r-‘
Trong dé: Ky»- hé s& dong luc loai hai.
RO rang Ky = Kya(r)
urs
/ /
g _r
Y / o

Hinh 7.12: Su phu thuge Kt vao r

Twr hinh 7.12 ¢6 thé rdt ra nhan xét sau:
Khir=0 ((l) = 0) co Kdl = 0.

Khir > 1 thi K4» tdng nhanh.
V2

Khir=1tirc o =, tacé Ky > oo vi A — o, khi dé xdy ra cong hudng.

Khi r — o thi K43 — 1, hay A — v nghia ]a bién 40 dao dong dan téi modt tri s6
xdc dinh.

- Sau mdt thoi gian chuyén dong, do ma sét, dao dong tu do tit din, dao dong cda
hé¢ con lai chi 1a dao dong cudng bic. Trong qua trinh chuyén 1i€p, dao dong cia hé la
tdng cia dao dong tu do va dao dong cuéng birc. Ching khac nhau vé pha va tin so
nén dao dong cua hé 12 mot dao dong phire tap.

O trang thii cong hudng bién do dao dong vé li thuyét 1a o, song néu xét gidi han
(7.74) sé& thay khi vugt qua cong hudng bién do khong thé tang tic thdi ma cdn mot
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khodng thdi gian nhat dinh. Vi vay khi thiét k&€ mdy phai
chd ¥ sao cho thdi gian vugt qua cong hudng la nhanh nhat.
7.3.4. Dao dong cwong bire khi cé can nhot
Phuong trinh dao déng cta hé ¢6 dang sau:
mq + bg + cq = H,.sinot (7.75)
Hay: q + 2n.q + o.q = h.sinot (7.76)

Nghiém ctia (7.76) la tdng cla hai nghi¢m: Nghiém cia
phuong trinh vi phan thudn nhat va nghiém ctia phuong
trinh vi phan khong thuidn nhit.

biét nghiém néng dudi dang:
q, = N.cosot + M.sinot

Ta ¢é: q, = - N.o.sinot + M.o.cosmt

. ~ LI
q, = - N.o .cosot - M. .sinot

T P=Hysm it
-

}e

m

RS
il

Hinh 7.13: Dao déng
cudng biic ¢ can

(7.77)
(7.78)

(7.79)

Thay vao (7.76) cic phuong trinh (7.77) ; (7.78) ; (7.79) va thyc hién can bing hai

vé ta co:
-M.0? - 2N.n.o + Mo =h (7.80)
-N.o" - 2M.n.w + No_ =0
2_ 2
Suy ra: M=h— "% (7.81)
(0, —0) +4n".0"
N=h_— 200© (7.82)
{w,— 07y +4n".0"
Do do: q, = N.cosot + M.sinot = M. ( sinwt + % .COS (Dt) (7.83)
N
bat tga = — (7.84)
M
. 2n.o
Hay tga = — - (7.85)
W, — O
Ta c6: q, = M .(sinmt.cosa + sino.cosmt) = A.sin{wt + o) (7.86)
COsaL
Voi: A=M (7.87)
cosu
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A = h (7.88)
\(((ni - m:)2 +ant.o’
Tir (7.88) ta coé nhitng nhan xét sau:

1. Trieomg hop I va o la héing:

A= h b ! (7.89)
a2 ) “ 1.9 4“2 .]'2
o ] 4n".o” | o (1 —17) +—
P+ e ON
w, o,
= 1 = A[.Kd] (790)
V(1 =) + 4mir’
Voi: m; = RS
(O
va Kg = ! = Ky = Kulr) (7.91)

\/( | — 1'3)2 + 4nﬁr2
Lay dao ham Kg; theo r ta ¢6:

2 2
dKys _ - 2r.(f ﬁ+ 2m|q—111)q (7.92)
dr [(1 =) +4mir]”
suy ra; EIK—‘H =0khir=0:r= 1_—_2_111_:" viir=om
dr
r =0 khi o = 0 hodc w, = o nén chi ¢é dugc khi o = 0.
Khi d6 Kg: = Kgamin=1 hay A = A,.
Khi r tang dén r = VI - 2m7 thi Ky, dat max:
(Kd3)1nn\ = 1 (793)

.
2mj . V1 - Zm?{
Ro rang khi do xdy ra cong hudng. Hien tuwong cong hudng xdy ra nhu thé khong
phaitair=1hay o, = ® matai r < | hay @ < o,
. Crs e ol 2
2. Truomg hop h i lg voi o™ h = w.om

Tuong ty nhw trén ta co:
2

Ky = d (7.94)
V(1 =)’ + 4m’r
Va A=Ky.u

K, dat max khi: p=— 1 (7.95)

| - Zm%
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KJ’ |
7
o
7 -
Hinh 7.14: Su phy thude Kgz vao r
g, )
/ /
~
- -
Hinh 7.15: Sie phu thuge Kgavao r
Goc léch pha: o
2 2m,.r
Tt trén ta co: tga = o _ i (7.96)

2 2 2
0, — O l-r

Khi r =0 = tga = 0, dao dong cudng birc cung pha voi lie kich dong.
Khir= 1 = tga. = w, a = »/2, dao dong cudng birc cham pha 7t/2 véi luc kich dong.
Khi r = oo thi tga tir /2 — 7, dao ddng cudng kiic cham pha | gdc m.

M=

a5 7 2 F
m=0 'l

Hinh 7.16: S phu thude ciia a vao r



§7.4. DAO PONG CUONG BUC HE MOT BAC TU DO CHIU KiCH PONG KHONG
TUAN HOAN

Nhu ¢4 néu & chuong mot phin tir kich dong ¢ thé 1a ham ¢é chu ki (tudn hoan
hodc khong tuan hoan) hoac ham kich dong khong chu ki. Trong hé chiu kich déng
khong ¢6 chu ki, ham kich dong & v& phai clia phuong trinh 1a mdt ham khéng thé dua
vé diéu hod, vi viy viéc gidi phuong trinh mo 14 chuyén dong khong gidng nhur da néu
¢ §7.3. C6 nhiéu phuong phap khac nhau d€ tim nghiém cia hé (vi du xem & 121, I51.
Duoi day chi trinh bdy phuong phap bi€n thién hing s6 Lagrange. ‘

Phuong trinh vi phan mo td chuyén dong hé dao dong cudng birc modt bac ty do

¢é dang:
mq + bq + cq = (1) (7.97)
hay: q + 28.q + 0,.q= gt (7.98)
Vi g(t) = )
m

Nhu d3 biét nghiém t6ng quat cfa hé s& 1a tdng clia nghiem téng quat cia phuong
trinh thudn nhat va nghié¢m riéng.
Nhu ¢ néu & §7.3. nghiém t6ng quat cda phuong trinh thuin nhét ¢ dang:
q(t) = e " Asin(ot + B) = e_‘“.(C,.coso)t + C,.sinmt)

Véi C), C, 1a hiing sd tay y phu thudc vao diéu kién dau,

Néu goi: q, = e ™.cosot (7.99)
g» = ¢ " sinot (7.100)
Ta co: q(t) = C.q, + C1.q> (7.101)

Ta tim nghiém riéng q, cda phuong trinh (7.98) ¢6 dang C,, C, 1a ham s& cia
thai gian.

Khi d6: q, = q(t) = Ci(1).q; + C(t).q» (7.102)
Thue hién dao ham theo t;

q = 9O = C(0.q + C(0g, + Co1).q> + Co()g,  (7.103)
Lai dat; Ci(.q, + CA0).q, =0 (7.104)
Tir (7.103) co:

f](f) = Ci().q; + Cy(1).q

.. i . . . : .. (7.105)
g(t) = Ci(0.q; + Cy().q; + Cx(1).qz + Cy(1).qx(1)

Thay (7.101), (7.102), (7.105) vao (7.98):
C.q, + Cyqy =gV (7.106)
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K&t hgp véi (7.104) ta c6:

¢ = —2 (7.107)
919> — 9192

€= —— g (7.108)
9,92 q1-92

Thay q, va g~ tir (7.99) va (7.100) dugc:
C, = —i.e‘;".sinmt.g(t)
o)
C, = 1 <™ cosot.g(t) : (7.109)

(1)

Thuc hién tich phan:
1
Ci() = A - L [ sinor.g().dr)
m

1

Cy(t) = B + 1 Iem.comt.g(t).dr (7.110)
O] '
Thay (7.110) vao (7.102) ta ¢é nghiém riéng cin tinh cia (7.98):
1
q, = —l-J.e_‘S“_ﬂ.sin(t —1).g(1).dt (7.111)
0}

(8}

Va nghi¢m t6ng quat cda (4.2) duoc viét dudi dang:

1
q() = e "(A.cosot + B.sinmt) + 1 Ief‘%“*”.sin(t—t).g('c).dr (7.112)
m

0

Vidu 121: Khio sat dao dong ctia hé nhu hinh 7.19. Biét Iiyc kich dong F(t) ¢é dang:

0 khit < ¢
- Fn :
Fiy=<—-tkhi0 <t £1t,
[(1
0 khi t > t, ] ALY
! Jfé/c
£
45]
2
o R N P
v I
-05
o %
al -7 &

Hinh 7.17: a) Ham kich dong : b) Pé thi dao dong vei D = 0,2,
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Phuong trinh dao dong cda hg c6 dang:
q+28.q+o.q = FO _ g(t)
m
néu chuyén dong ciia he khi 0 <t <t,
Ap dung (7.15) ta c6:
F,

®.m.,

t
q(t) = jl’ e sin o(t - 1).dt

Bing cdch d6i bi€n: u=t-1
du = — dt va can tich phan di tir t d&n 0.
ta co:
0

J(t —u).esinoudu

m.o.t,

Fq

q) = -

B& ngoac va ddi can tich phan:
1 t

q(t) = F, J-t.e_su.sin(z)u.du - Iu.e’au.sinwu.du

o 1o 0

Sau khi thyc hién tich phan ta cé:

g = —2— [0 - 2> +e™ @Deosot - =22 inot ] (7.113)
m.o..t,

vdi D la do can Lehr:
D=_2 _3&
2mw, O,

o = 0, 1 -D?

Cin ctt vao ham kich dong da cho, khi khao sat chuyén dong cia heé ¢6 thé phan ra
nhur sau:

- Khi t = 0 hé ding yén va do do ta cé:
q(0)=0;q0) =0

- Khi 0 <t <t, dao dong cida hé¢ la dao dong cudng biic va nghié¢m q(t) co
dang (7.113).

- Khi t > t, hé dao dong tdt din.

Viéc nghién ciu ki hon vi du néu trén ¢6 thé xem trong 121,
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§7.5. DAO PONG TUYEN TINH HE NHIEU BAC TU DO

7.5.1. Khii niém

Nhu da thdy hé phuong trinh vi phan miéu ta chuyén dong cla hé dao dong tuyén
tinh nhiéu bac tr do quanh vi tri can bing tinh c6 thé viét dudi dang ma tran nhu sau:

Mq+Bq +Cq=f (7.114)

Trong do:

M, B, C lan luot la cdc ma tran hdng s0 va thudong duge goi 1a ma tran khoi lugng,
ma tran hé sd can va ma tran d¢ cuing.

- f(t) 1a ma tran cdt cidc ngoal lyc tac dung.

-q=1[9;. 92 Q3. -, Q)" 12 ma tran toa do doc lap.

Giong nhu trong dao ¢dng mot bac ty do:

- Khi Bq va f(t) 1a ma tran khong thi dao dong ctia hé 1a dao dong tu do khong cén.

- Khi f(t) = 0 thi h¢ dugc goi la hé dao dong ty do ¢é can.

- Khi ¢6 diy da cic s6 hang thi hé duge goi la hé dao dong cudng buc.

Dao ddng ty do ciia hé 2 bic ty do d¢ trinh bdy trong vi du phin §7.2.

Nhir sau nay sé& thdy viéc 1ap va giai hé phuong trinh miéu ta chuyén dong (7.114)
phitrc tap hon nhiéu so véi viéc lap va gidi phuong trinh miéu td chuyén dong clia he
mot bac ty do. Nghiém ctia phuong trinh (7.114) ¢6 thé tim bing phuong phap truc tiép
hoidc bing phuong phap ma tran dang riéng.

Trong phuong phép tryc ti€p bifu thirc nghiém q dugce tim ¢6 dang ham diéu hoa
hodc him ma co s6 tu nhién, thue hién cic dao ham i], q va thay vao (7.114) dé xac
dinh cac hé s6 cdn thi€t cia biéu thirc nghiém. Phuong phap truc ti€p thudng chi ap
dung cho hé¢ ¢é bac tv do n < 3.

Khic v4i phuong phap truc ti€p, phuong phdp ma tran dang riéng, biéu thic nghigém
duoc xac dinh sau khi xdc dinh ma trdn dang riéng.

Do tinh phic tap néu trén, dudi day chi trinh bay nhitng nét co ban khi nghién ciru
dao dong tuyén tinh nhiéu bac tu do.
7.5.2. Dao dong tu do khong can
Phuong trinh vi phan miéu ta chuyén dong cia hé tuy€n tinh nhiéu bac tr do ¢6 dang:
Mg+ Cq=0 (7.115)

Véi M va C la ma tran vudng cip n vdi cdc phan tir hdng s¢ dic trung cho khéi
lugng va do cung. '

q 12 ma tran cot ciia toa d0 tdng quat véi n hang q = [q;, q», ..., q,]".
Gia sir nghiém cda (7.115) c6 dang:
q = a.sin{ot + o) (7.116)
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. N R N . T
V&i a la ma tran cot hing s6: a = [a,, a5, ... a,]

Thye hién cac dao ham biéu thire (7.116) va the€ vao (7.115) sau khi don gian biéu
thare sin(ot + o) ta ¢o:

(C-w’M)a=0 (7.117)
Dé (7.115) ¢6 nghiém khong tdm thudng thi dinh thic:
IC-0’Mi=0 (7.118)

Phuong trinh (7.118) 1a phuong trinh dai s6 bac n va cho phép ta xac dinh dugc cac
gia tri cia tin s& riéng o, v6i k = 1, 2 ... n nén dugc goi la phuong trinh tin s8 hay
phuong trinh déc trung. Thay ldn lugt gia tri @, vao (7.117) ta nhén dugc phuong trinh
dé xdc dinh cdc phdn t& cia vecto a, (a, dugc goi la cdc vecto riéng).

(C — v;.M).a, =0 (7.119)
Vi du tng v&i k = 1 (hay o) ta c6:
a; = [a5;, 22 aln]T

Do (7.119) l1a hé phuong trinh dai s6 tuyén tinh thudn nhat ¢é dinh thic hé s6 bing
0 nén cac thanh phdn cda a, sai khac nhau mot hing s6 nhan, nghia 1a ¢6 thé chon tay
y mot thanh phin d€ suy ra cdc thanh phan ti€p theo. Ching han né€u chon a;, mot cach
thy ¥ va voi ki hidu:

G

Vi = 2K hoge v® = % (7.120)
a a;
i,k=1,2,...n
Ta s& co:
Vit Vio.. Vin
Vo Vaz  Voq
V=" (7.121)

Vol Vn2 vV

Ma tran V dugc goi 12 ma tran dang riéng va méi cot ciia né vy, = [vyy, Vay, -0y V]
cho bi€t mot dang dao dong riéng cia he.

Nhur da bi€t trong hé dao dong mot bac ty do biéu thie: g = a.sin(wt + ) c¢é thé
vi€t dudi dang khac:
q = a.(Ap.cosoyt + Bi.sino,t) (7.122)
Nén nghiém tong quat cia phuong trinh (7.115) s& 1a tdng cac nghiém riéng doc lap
tuyén tinh biéu dién dudi dang (7.122) hay:
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n

q =2 a, [Ag.sin(ot + o)) (7.123)
k=1

n

liodc: q = 2 a, .(Ag.cosoit + By.sinm,t) (7.124)
k=1

Vi Ay, By la cdc hang s6 tich phan phy thude vao diéu kién dau.

Vi dy 2: Cho mo hinh dao déng nhu hinh 7.18.

Xdc dinh ma tran dang riéng cda hé khi C, = C, = C vi m; = m, = m. Viét nghiém
cua he.

a 2, j e
& G
. P b L,
7 T A7 I Cad
7 21 | Daw ding ridng the rindt
L)
ij sz LA ’/nf-
~) Y My ey

Hinh 7.18: Dang riéng cuia hé hai bac ne do
e}y Ma hink ; b} Cde dang dao dong riéng.

Tir mo hinh dé dang xdc dinh dugce bidu thie dong nang T va the nang U cla he:

T= (ml.'q% + mz-élg)

b |

U=%M%ﬁ+cﬂ%—Qf]

Ap dung phuong trinh Lagrange loai 2 ta ¢6 phuong trinh miéu td chuyén dong cla
hé dudi dang ma tran nhu sau:

m; 0 dl C+GC G lg 0
. = 7.12
[ 0 mj [Q2:|+|: -G, G |a9: 0 ( >

Tir phvong trinh (2.117) c6:
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Cl'i‘Cl —-C,_, 5 | My 0 a) _ 0
Fo SRl o

Phuong trinh tan s& cta hé c6 dang:

C +Ci-o -G,
B 2 =0 (7.127)
-C, Cr— o m,
Giil ra ta co:
_ (C] + C) 7 ) + ~\/l (%4. Cg).’! B C,.G, (7.128)
4 m, m; m,.m,

Thay gia tri o] va o3 vao (7.126) ta ¢ a, va a,

(C +Cy -G » 1m0 |2y ~ 0
-G, G mor 0 m, 4y |

(C,+Cy -Gy, [my 0] [a -0
-G, G, e 0 m, s -

i o 2
- Ung vo1 o7

. .2
- Ung vdi o5

Hay:
(Ci + G - UJ%-ml)'dn - Coay; =0
—Cga“ 4+ (C3 - 0)%.m2).331 =0
Suy ra:
o] C C-) - 2.
al"’ = ! + = (D] m! = Cg-, = A‘l (?.129)
a & C, — »7.m,

Nhu vay cac phin tir clia a; chénh nhau mot s6 nhan A,.

Hoan toan tuong ty cic phan tk cla a, cing chénh nhau mot s& nhan A,. Do a;; va

) chon tiy ¥ nén néu ta chon ay, va a,, déu bing 1thi dé dang nhan dugc: ay, = A,.a,,
VA a9y = Aoy, tU dA ¢d thé viét lai (7.129) nhu sau:

—— 1 ] ]

a, = e C, + C, — of.m, .a, = G, . ay
1] C, C,— m7.m,
o _ | - _ | S

a, = :li =|C+ Cg - (!)g-m] LAy = CZO .8,
- I C, ] ch - mg.mz_

Khi C; = C, = C vda m; = m, = m dé dang tinh dugc:
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Vit Vil _ 1 |
V= L] vz;l B [1,62 ~—0,62}

Biéu d4 dang dao dong rieng duoc trinh bay & hinh 7.18b. T bidu dd ta thdy ring
& dang dao dong riéng v,, va v, cung ddu hay cdc kh6i m,, m, dao dong cung pha,
con & dang dao dong thy hai thi ngugc lai.

Tur (7.124) va (7.129) c¢é thé viét nghiém t8ng quat cha hé dudi dang sau:

a
q =\:q1} = [:”} A sinfot + o) + LD} A,sin(o,t + oy (7.130)

Qz 21 22
hay:

q; = a”.Al.Sin((ﬂlt + Ot]) + all.Al.Sin(szt + Ctz) (7131)

gs = a3 Apsin(ot + o) + axn.Aysin(w,t + o)
Vi: B2l oy, va ®2 = a,vachonay, ap = 1

an a2 :
Nén

q: = Ay.sin{o,t + o) + Assin(ost + o) (7.132)

Ja = ?\.].A].Sin(ﬂ)lt + Cf.)) + kz.Az.Sin(ﬂ)gt + (x.z)

7.5.3. Dao ddng tw do ¢6 can

Phuong trinh vi phan cia dao dong tr do viét dudi dang ma tran cé dang sau:

Mg + Bq + Cq=0 (7.133)
Nghiém cta phuong trinh dugc tim dudi dang:
q=2Ze" ' (7.134)
Thuc hién dao ham (7.134) réi thé€ vao (7.133) ta co:
(C+2B+2"M)Z =0 (2.135)
Diéu kién cdn va dd dé vecto Z khong phai 12 nghiem tdm thuong la:
P(A) = det(C + AB + A°M) = 0 (7.136)

Pa thirc P(A) la da thitc bac 2n vdi n 1a s6 bac tur do cha he.

Nghi¢m cha da thirc nay hodc 1a s& thuc hodc 12 s& phirc lién hop. Nhur da biét trong
he mot bac tr do, n€u nghiém cda P(L) 1 thyc thi h¢ khong phai 12 hé¢ dao dong nén
khong xét.

Xét trudng hop nghiém cia P(L) 1a so phire lién hop.
A = =0 T i.0y (7.137)
Trong d6 w, 12 tdn s6 rieng cla cac dao ddng ty do khi ¢6 can.

Goi Z, 1a cédc vecto rigng cia phitc lién hop ting vdi A, ta cd:
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Z, =uy tiv, {7.138)
Khi d6 nghiem t8ng quat cda h¢ 1a tdng cia cac nghiém riéng doc lap tuy€n tinh va
co dang sau:
Q) = Z eﬂi‘{Ak(ukcosmkt - Vi sinwgt) + By(uy sinogt + vy cosmy t]  (7.139)
k=1
Giong nhu dao dong ty do cla h¢ mot bac tu do co cén, dao dong ty do clia hé n
bac tur do ciing 1a dao dong tdt ddn. Do diéu kién thai gian va do viée gia (7.133) phic
tap va da duoc trinh bay ki trong cédc gido trinh dao ddng nhu /2/, /4/, /5/ nén khong di
sau & day.
7.5.4. Dao dong cuwéng birc hé nhiéu bac ty do
Phuong trinh vi phan miéu td dao dong cudng birc cia hé nhiéu bac tr do viét dudi
dang ma tran c¢o dang:
Mq + Bq + Cq = f(t) (7.140)
Néu sd hang Bg = 0 thi dao dong ciia hé duoc goi la dao dong cudng buc khong can.
D3di vi ham kich dong ¢6 chu ki, mot cach tdng quat ¢6 thé viet dudi dang:

n

f(t) =a, + Z (ay.coskot + by .sinkot) (7.141)
k=1

D¢ tim nghi¢m cia (2.140) ta sit dung nguyén li cong nghiém tir cac phuong trinh sau:
Mq + Bq + Cq=a, (7.142)

n

Mg + Bq + Cq = ) (a, coskot + by sinkot) (7.143)

k=1

Nghigm cta phuong trinh (7.142) duoc tim dudi dang:

q, =V, (7.144)
Thay (7.144) vao (7.142) ta c6 ngay:
CV,=a, (7.145)
Nghiém caa phuong trinh (7.143) dugc tim dudi dang:
gi = usinkot + vecoskmt (7.146)
Ta cé:
q, = k.o.(u, cosket - v sinot) (7.147)
Q. = - k.a*(u, sinkot - v, coskot) (7.148)

Thay (7.147), (7.148) vao (7.143):
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C-kKo™M —koB Uy _ by
koB C-k'o’M|| v &

Twr (7.149) xdc dinh duoc cic vecto uva vy

Nghiém t6ng quat cia (7.141) ¢ dang:

q=V,+2 (ugsinkot + v,.cosmt)
k-1

Vi du: Cho md hinh dao ddng hinh 7.19.

Xac dinh tan so riéng va nghiém cda dao dong

AN

cudng bic cia he. Biét lyc tic dong vao khoi lugng Ixz é my
m, 1a F(t) = m,.r.o".sinot. ;
Tw hinh 7.19 dé dang biét biéu thic dong ndng T A §5,2
va thé nang U cda hé¢ nhu sau: 4 ]
Ly
_1 . 2 WJW% W
T= 5 (mqy + myq3) ?
I ) €
U= 5 [Ciqy + Cixlqz — q))]
Ap dung phuwong trinh Lagrange loai 2 véi¢ = 0 Hinh 7.19-
ta co:
myq, + (C, + Cj2)q; - Cpag> = F(1)
myq; - Cpagy + Cpaqs = 0
e C + C 3 C 2 F(t
hay: q + —*2 qy -~ -2 .q = FO
m, ny, m
. C» Cis
g - 2.9 + —2.q:=0
Néu dat: Cré =y Cio =y Fo= m,.r.o°
m, m, -
.. ) C .
Ta cé: aQ + Y9 - 2.0, = 2 .sinot
m, m,
r P Ci»
Q@+ V2d — —.q; =0
ms

Né&u viét dudi dang ma trin ta co:
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1 0](q v S q E(1)
i - 1]
[0 IM* ce M‘M

Phuong trinh tin so riéng c6 dang:

A=detlC-0Mi=| Cp m | =0

hay: A= - o) - 0) - —2-=0
m,.m, -
22 2o L. O
Suy ra: w?, = Yity: ) 0r+v) VIV ST
2 4 m;.m,

Néu cho gia tri cia cac tham 6 cda hé ta hoan toan tinh dugc mig (tham khao 121).

Do hé la he dao dong cudong buc khong can (B = 0) va ham kich ddng F(t) c6 dang
F,.sinwt nén néu chi xét dao dong cudng bic (khi dao dong tu do da tdt) thi dva vao
(7.146), ta dat nghiém dao ddng cudng bic dudi dang:

q= 4 = M .sinot
2 \E

Thuc hién dao ham va thé€ vao (7.151) :

2 3 Ci, F, Ci» > 7
(i — o)V, - BV, =2 - ZBV, + (5; - 0).V,=0
m, m, m,
Suy ra: V= & il - (7.152)
m 2 ki 2 2 C:
Mm-o)rn-o07)-
1My
F,.C,,
V, = —oiz 1 _ (7.153)
1y.m, 2 A, 2 C-_
(-0 Npr-o)-
m,.Im,

Dé thdy ring khi ® = o, va © = o, thi mau sd biéu thuc (7.152) va (7.153) s& bing
khong, hay khi d6 xdy ra cong hudng. Mot cach tdng quat khi hé ¢ n bac tu do s& cé
n tin sO riéng 0, ®,..., ®,. Va vé 1i thuyé&t co thé tim duoc n vi tri xdy ra cong hudng.

§7.6. KHAI NIEM VE DAO DONG PHI TUYEN

Nhur da néu trong §7.1, dao ddong hé phi tuyén duge miéu ta bing hé phuong trinh
vi phan c6 hé s6 khac hing.
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Do tinh phic tap cda hé, dudi day chi xin néu khai niégm so luge vé hé dao dong phi
tuyén mot bac ty do. Viéc nghién ciru sau hon c6 thé tham khao 141, 151, Mot cach téng
quat phuong trinh vi phan miéu td chuyén dong hé phi tuy&n mdt bac ty do ¢6 dang sau:

aq + g(q.q. 1) = 0 (7.154)

Voi:

- q toa do suy rong

- glg, q t) 12 ham phu thugc vao toa dd, van téc suy rong va thoi gian.

Néu tir ham g(q, 4. 1) ¢6 thé tach ra thanh ham g,(q. q) va f(t) thi (7.154) dugc viét
dudi dang: |

aq + g,(q. q) = f() (7.155)
Khi f(t) = 0 ta c6:
ag+g(a.q)=0 (7.156)
Hé phuong trinh miéu tad chuyén dong dudi
dang (7.156) dugc got la hé auto-nom, con dudi
dang (7.155) duoc goi la hé hécto-nom.
B¢ lam sang té khai nigm trén ta xét mot s6
vi du sau:
Vi du 1: Thiét 1ap phuong trinh chuyén dong
cla con lic & hinh 7.20.
Goi g = ¢ ta ¢d:
5 .
T = %m.v‘ = %m.(!.(p)'
U :%mgh = —m.gl.cosp
Ap dung phuong trinh Lagrange loai 2 ta co:
m.lg.('{') + m.g.l.sing =0 (7.157)
hay: P + o)g.sin(p =0
Vi o) = £
{
Co thé viét (7.157) dudi dang sau:
ap + g@ =0
Vai: g=¢;a=1;g(q) = o.sing

Phuong trinh (7.157) la phuong trinh vi phan phi tuy&n vi c6"hé s& khiac hang.

Néu xem goc ¢ [a nhé, mot cach gan ding ta ¢o sin ¢ = ¢ va do d6 (7.157) co dang:
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¢+ 0.0=0 (7.158)
R6 riang phuong trinh (7.158) 12 phuong trinh vi phan tuyén tinh. Gia thiét néu trén
da cho phép chuyén hé vi phan phi tuy&n thanh hé vi phan tuyé&n tinh. Phép chuyén ddi
nay dugc goi la phép tuyén tinh héa 141, 151
Vi du 2: Cho so d6 dong vad mo hinh ctia mdt cdu true nhu hinh 7.21.

T S

T

Hinh 7.21: Mo hinh cdu truc
a) So dé ; b) Mo hinh dong luc.

Cho truoc:

C - d9 cung tuong duong cla k&t cdu thép;

m, - khoi lugng vat nang;

m - khdi lugng quy d6i vé xe con;

[ - chiéu dai cdp nang;

Bé qua bién dang dan hoi cda cidp.

Yeéu cdu: Lap phuong trinh chuyén dong cda hé.

Chon toa dd tdng quat q, va qs: q; =X ¢ = @

Ap dung phuong trinh chuyén dong Lagrange cé dang:

drs oL oL
lze) 5"

\-’é’l: ql=x
Q2=9
T =lm.‘x2 + lm'\ A\
2

Xét khoi lugng m;:

Chuyén vi cia khoi lugng m; c6 thé phan theo phuong x va y:
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Vi= Vi + Vi =Vi+V;

V, i(x+!cosq))—x ~ Lo.sing
dt

V, = dg(l‘.simp) = [.¢.cosg
' 1§

V= (x - Lo.sing) + (Lo.cosp)
=x° - 2L.¢.sing.x + o sine + Fo’.cos’e

=x’ - 2L.¢.x.sinp + 13.(i)3

U=—Cx +m,g.lcose

I\.)I-—-

Ham Lagrange c6 dang:

L -—-% [m.;{z + m.(x* - 2L¢.x.sing + P.o?) — C.xz] - my.g.l.cosg

& _ (m + m).x — m.Lo.sinp

(54

d , L - o "2

—{ =) = (m+m).x — m.Losing - m.l¢ .co
dt( 6x) ( 1) - S1nQ 1-{.Q.COSQ

=(m + m).X — m.L{@.sinp — ¢.cosp)

oL _ = —/.m,.x.sinp + F.o. m, = lm,.(q.] - xqm(p)
do

d/aL . _— .

— == | = Lmy.(p/ — x.sin® — X.@.cos

o aq,) (D p - X.p.c059)

oL _ C.x

OxX

Z_L = —m.LXQ.cos¢ — m,.g.lsing = —m,.L(g.sinp + X.(.COSP)
P

Phuong trinh miéu ta chuyén dong cia hé ¢ dang:

(Mm+m)X + cx — mylqsing — myLo cosp = 0

m.2. ¢ — Lmx.sing — Lm,.x.¢.cos¢p + mylx@.cosp + mg.lsing = 0
hay:

(m + m).X + cx = m.L(P.sing + ¢°.cosp)
m,.(z.('(i — m,.lxsing + m,.glsinp =
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Béing ciach thém va b6t vao phuong trinh 2 mot dai luong my.g.lo ta cé:

(m+m)X +c.x = m,.L(¢.sinp + ¢’cosp)
2 o .
m,.[".¢ + m.glo = m.l[(x.sinQ + g(o — sinp)]

Hay:
. 2 m,.l e, T2
X + OjgX = (@.sinp + @ .cosq)
m+m,
P+ 030 = ?.sin(p + 03 (¢ — sing)
Vi: (1)‘1_’0 = va Q)go = .g
m+m, !

Dé& dang thdy dugce hé (7.159) 1a hé phuong trinh vi phan phi tuyén.

(7.159)
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Chuong 8
PONG LUC HOC MAY CO KHAU CUNG TUYET POI

§8.1. KHAI NIEM

Nhu da biét trong gido trinh nguyén li may, hai dang bai toan co ban khi nghién ctru
dong luc hoc may ¢é khau khong bién dang duge dat ra nhu sau:

Bai rodn thi nhdt: Cho trede ngoai lue nhu trong lugng céac khau, lye ma sat, tuc
can cong nghe...

Xic dinh quy luat chuyén dong q(t) clia khau din va tir d6 xac dinh quy luat chuyén
dong cua cac khau bi din va céc luc,ang suat tic dung 1én cdc khau, khop dudi tac
dung cua ciac lye da cho.

Bai todn thii hai: Cho trude quy ludt chuyén dong cida khau dan q(1), xdc dinh cac
luc tac dung lén may gém ngoai hwe va ndi lie, tng sudt ctia cic khau khi may
chuyén dong.

Thyc ra bai toan thir hai chi giai duge khi bai toan thir nhit da gidi xong, tuy nhién
trong nhiéu truong hop dé don gian bai toan thi hai dugc giai vai gia thiét (0 = hing.

Khi da chon luge d6 co ciiu va may, cac bai toan trén thuong duge gidi theo cac
trinh tur sau:

- Lap phuong trinh miéu td chuyén dong clia may (hodc co ciu) va xac dinh quy luat
chuyén dong cia may.

- Tinh todn lyc, tng suat,

- Thuyc hién bién phap ki thuat dé gidm ta1 trong dong luc nhu lam déu chuyén dong,
can bang chi ti€t quay. can biing co cidu va mdy, can bing hodc diéu chinh chuyén dong
giam tai dong, lam gidm ti€ng 6n, giam bién do dao dong...

Nhur da néu & trén cdc bai todn dat ra da dugc dé cap trong gido trinh nguyén li may,
do vay dudi diay chi dé cap nhing van dé co ban ¢6 lién guan chi y&u dé€n viéc lap va
gial phuong trinh miéu ta chuyén dong cda h¢ phdng. Viéc tim hiéu sau hon ¢6 thé xem
trong I11, 121, 14}, 151...

$8.2. PHUONG TRINH CHUYEN PONG

8.2.1. Khdi niém co ban

Mo hinh tinh todn clia may c¢é khau cing thuc chat 1a mot hé co hoc ma vi tri méi
vét (khau) dugc hoan toan xac dinh khi biét vi tri cda khau din hoac nhiéu khau dan.

Gia st may ¢6 n khau dong, gia 1 va khau din 2 (hinh 8.1).

Xét khau i bat ki trong hé toa do tuyét doi xy va hé toa do tuong d6i gin vdi
vat ng;.
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Got:
S - trong tam cia vat cd toa d¢ la

(Xsi» Ysi) hodc (ns; 5 &) i \ % |k

m; - khéi lugng vat; M .
A o " R\ =
J5; - mOmen quan tinh; y (\75r b1
M;, F,;, F,; - momen va ngoai lyc * Jeg % . )) %
tic dung l&n vat i; ZA®
N o Lo )x&
Toa dd tong quit q; (q = @1). 3&

Do la chuyén dong phing nén vi X% -
tri cha khau i dugc xac dinh hoan '
toan khi bigt Xg;: Ys; va @;. Hinh 8.1: Khdu c6 chuvén dong phdng

Dé thdy ring Xg;, Ys;; ¢; la ham s6 cha q.
Hay: Xgi = Xsi(q)
Ysi = Ysi(q) (8.1)
9; = ¢i(q)

Do g = q(t) nén ta cé:
Xsi = Xsilg(t)]
Ysi = Ysilq(t)] (8.2)
@ = ¢ifq(t)]

Nhu d4 bi€t chuyén dong cta hé phd hop véi lién k&t s hoan toan xac dinh khi biét
quy luat chuyén dong ctia khau din q. Nhu di néu trong chuong 2 dé thiét lap phuong
trinh miéu ta chuyén dong cla heé ta 4p dung phuong trinh Lagrange loai IT ¢6 dang sau:

%(%)—% = Q (8.3)
Vi
T - dong ning cia hé;
Q - lyc quy ddi vé khau dan.
Xdc dinh dong ndng T: Dong nang T cla hé duge viét dudi dang sau:

n

T = 2 2 m+ Vi) + 35,07] (8.4)
Chu y d&n (8.1) va (8.2) ta cd: - .
) dXg  dX; .
X = _f = "&f% = Xéi-q$
. dYs  dYg d o (8:5)
‘.{Si = _ati = _d—fﬁ = Ysi-q
¢ =i q
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Tuong ty nhu trén, khi ti€n hanh dao ham bac 2 theo t cda X, ta ¢o:

d'Xg  dXg _ dXg - o x
a2 dt gt 3TAs

- dc . ‘a , .
Xs(@.1) = o = X5@- TO + X@H0 (@.6)

d

Mot cach tuong ty ¢é thé 14y dao ham béc hai cha Yg; va ¢; theo t. Viét mot cach
tdng quat ta co:

Xs(@0) = X5@) €0 + X(@)-a0)
Ysah) = Yii- @0 + Ys(q) - 40 (8.7)
$a.) = ¢ (@M + ¢ (@).q()

Thay (8.5) vao (8.4) va rut gon:

n

1 ., %) 29 »7
T = 5 gz [mrxés +Ys) + s (Pf] (8.8)
1=2
Goi:
n
,E [rni(x.%i +Yg) +Js; - (ﬁ?] = Ja) (8.9)
Ta c¢é:
| .3
T=J@.¢ (8.10)

Véi: J(q) duge goi 1d momen quan tinh thu gon. Tu (8.8) va (8.9) ¢ thé it ra cic
nhan xét sau: '

- Bong ning dugc sinh ra tr dai lugng thu gon J(q) bing dong ning sinh ra cia tat
ca cdc khdu chuyén ddng cla may.

- Dai lugng thu gon J(q) c6 thit nguyén 13 mémen quén tinh néu khau thu gon q la
khau quay va ¢é thir nguyén la khéi lugng néu g 1a khau chuyén dong thing, khi d6 c6
thé viét 1a m(q).

- Gia tri cGa J(q) lubn ludn duong va khéng phu thudc vao hudng chuyén dong cia
co cau.

Xdc dinh lye thu gon:

Luc thu gon Ia hrc dat & khau thu gon.

Xudt phat tir diéu kién can bing vé cong sinh ra cia luc thu gon phai bdng téng cong
sinh ra cla cdc ngoai luc Fy;, Fy;, M; tic dung lén co cau ta cé:

n

dW = Qdq = X (F,;.dx; +F;.dy, + M,.dg) (8.11)

i=2

Vot X, Y;, ¢; 1a toa do va goc quay diém dat luc va khau chiv momen.
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Chia hai vé (8.11) cho dt ta cé:

dq _gop S oo dv o 49
. = F.. . F... M. . 8.12
Q dt Ez( Wy T g T dt) (8.12)
Hay: Qq = X (FX| +F,. Y, + M.g).q (8.13)
Suy ra:

Q = Z (in-x;'f‘Fyi.Y;'}’ Ml'(p‘l) (8.14)

Khéic voi mdmen quan tinh thu gon, lyc thu gon Q phu t}luoc vao cic ngoai luc ké
cé luc phat dong nén trong trudng hop téng quat Q = Q(g, g, t).

Thit nguyén ciia Q 1a th nguyén ctia moé men néu toa do tOng quat q 1a géc quay
v 12 thit nguyén cta lyc néu toa d6 tdng quat la chuyén vi thing.

Plutong trinh miéu ta chuyén dong cua hé:

Thay cac phuong trinh (8.10), (8.11), (8.14) vao phuong trinh Lagrange loai II (§7.3):

aT :
P Ka)q
d ety _dy o p 4
d[(ac.] dtJ(q).q +J(q) dt I'(q)q” +J(@)q

3T 1 ‘2
o = Js . pa
aq 2 @-q
Suy ra phuong trinh miéu td chuy&n dong cida may khi g 1a géc quay ¢ c6 dang:

.. ]. e .
Ho)o +5 I (9).9” = Qo,p.1) (8.15)
Hodic:

.1 ., :
m,, X + 5 m’ . X~ = F(x.x,t) (8.15a)

8.2.2. Vi du

Cho so d6 t¢i nang nhu hinh 8.2, Gia thiét cac
khau cing tuyét d8i, khoi luong cdp bd qua.

Momen quan tinh cdc banh rang J, J;, J, bing
hing, khau 2 la khau din. Hay 1ap phuong trinh
miéu ta chuyén dong cla he.

Tir so d8 co cdu ta cé: Hinh 8.2: So dé co cdu ndng cuia cdn trigc
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Iy . [ Iy
Q3 =~ . P2, Q= —.—.P
I32 I3 Iy
r
Yss = @22 1~
I3y
Tir (8.9} ta c6:
W) = .21[ mi-(X‘gﬁ((Pz) + Y,és((Pz) + JSi-q;iz-((Pz)] (8.16)
Voi:
, , __h
P2(0) = 1; 03(@x); =77 T 1y
- Iy
, I I . ’ I
@a(p2) = 23 Ly 5 Yss(@y) = 1’2-~£
[y Iy I3a
Do chi xét chuyén dong thing dimg nén Xgs (¢,) = 0.
Thay céc biéu thirc vira tim vao (8.16):
r
o) = Ty 4 ity # jgica + m5.(r2 ' f) (8.17)
32

Tir (8.17) thdy ngay J(¢,) = const va gia tri duong khong phu thudc vao ti s& truyén i.
Ap dyng phuong trinh (8.17) ta ¢6 phuong trinh miéu ta chuyén dong cla hé dugc viét
dudi dang sau:

.2 2 F3gn29 .. Ty
[ ‘IZ + 13.132 + J4.l42 + ms.( T 'T) ](PZ + Mg 8. Iy ——) = M2 (818)

12 F33

§8.3. PHUONG PHAP GIAI PHUONG TRINH CHUYEN BONG
8.3.1. Khai niém

Phuong trinh (8.15) va (8.15a) 1a phuong trinh t8ng quat miéu ta chuyén dong cia
may c6 khau cing.

Viéc giai (8.15) hodc (8.15a) cho phép hodc 1a x4c dinh quy luat chuyén dong cia
khau din q(t) n€u bigt Q(q, q, t) hoic 1a nguoc lai khi da bigt q = q(t) ¢6 thé tim duoe
Q =Q(q, q t) gay ra chuyén dong da cho. Tuy nhién do tinh phi tuy&n cda (8.15) ham
q = q(t) trong trudng hop tdng quat chi cé thé gidi gan ding bing phwong phap s6.

Ham q(t) chi nhan dugc dudi dang giai tich trong trudng bao toan, ndéi khac di khi
céc he s6 cda (8.15) la hing hoic chi phu thudc vao chuyén vi. C6 nhiéu phuong phap
dé giai gin diing phuong trinh (8.15) song thudng hay sit dung 1a phuong phap d6 thj
khai trién theo chudi va phuong phap runge-kutta, 111, 141, I51...
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Trang thai chuyén dong clia may
phd bign gdm 3 giai doan: khdi dong

(m& may), chuyén dong &n dinh vi? J"’}; WM—-
tit may (hodc phanh) trong do giai it [ '
doan chuyén doéng 6n dinh la giai

doan lam viéc cha may (hinh 8.3). g i
V&i nhing mdy nhu vay, dic biét véi m,,,;?,mi‘

mdy ¢6 van t8c cao, myc dich vigc  “n¥n N W™ R W
. . s : |
nghién citu cha dong luc hoc may la i’ Town |

!
sau khi di xac dinh duwgc quy ludt !

, _ ) ) ! .
cfluyén dong q = q(t), thuf: hl?n Eac 0% L i
bién phép ki thuat hodc la dé giam
t0i da bién do dao dong cia ‘van toc Hinh 8.3: Cic giai doan chuyén dong ctia may.
hoac 1a dua may tré lai chuyén dong
binh &n, tr d6 lam gidm tai dong phu tac dong lén may va co cdu. Noi dung cic cong
viéc néu trén did dugc trinh by trong gido trinh nguyén li may hodc céc tai lig¢u tham
khao nén khong trinh bay & day.

Tuy nhién mot s& may, nhu cidn tryc, may xic, may ép... do dic diém cong viéc
thudng lam viéc chi yéu & giai doan khéi ddng va phanh.

Vi cdc loal may néu trén muc dich cda viéc nghién ciru dong luc hoc may 1a xac
dinh t3i trong dong luc phat sinh trong qué trinh lam viéc thong qua viéc gidi phuong
trinh chuyén dong va tir 46 tim cac bién phdap ki thuit dé€ han ché t3i da tac hai cla tai
trong dong phat sinh va 12 tai trong khi tinh toan thiét k€&,

8.3.2. Qua trinh khdi déng hoidc phanh
Trong qua trinh khéi dong may chuyén tir trang thai ding yén dén trang thai chuyén
ddng vdi s0 vong quay danh nghia trong khodng thdt gian ngdn. D€ dé hinh dung, xét
trrong hop khéi dong may khi mdémen quan tinh thu gon J va moémen M la hiing s6.
Khi d6 phuong trinh miéu ta chuyén dong mady (8.15) c6 dang:
Jo =M (8.19)
Tich phan phuong trinh (8.19) ta cé:

. M
= . t+C
¢ J
¢ = %.t%C,.HCz (8.20)

Gia sir c6 diéu kién ddu khi khéi dong:
t=0; @ =0; @, =0
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Goi thoi gian khdi dong 12 t,, van toc danh nghia cdn dat tai t, 12 ¢, (hay o) chi y
dén (8.19) va (8.20) ta ¢cé:

L=l Jo

2 M M

J.o
2

Tir (8.19) va (8.21) dé& thay ring gia tdc khdi dong i[;a hay € va thdi gian khdi dong
t, phu thudc vao M va J, vi vay khi thiét k& phai chon J va mémen khédi dong sao cho
thoi gian khéi dong 1a nhd nhat ¢6 thé véi gia tdc € ¢6 thé chdp nhan duoc.

¢ = (8.21)

Mot cach tuong tu ta c6 thé xét qua trinh phanh bing cédch thay ddi diéu kién bien
va ddu cta lyc thu gon.
8.3.3. Quai trinh chuyén déng 6n dinh

Trong giai doan chuyén dong &n dinh van t6c khau din thay d6i ¢6 chu ki.
bai lugng dic trung cho giai doan nay 1a hé s& khong déu 8.

— Pmax — Prmin - O max ~ Oupip

P O

5 (8.22)

Vai:

. Dmax ~ Omin
Ta c6: § = p—mar _min (8.23)

Omax + Omin
DE& thdy gia tri cia 8 ndm trong khoang:
0<d<2 (8.24)
He s8¢ & cang nhd chuyén dong clia may cang déu va ngugc lai. Didu nay rit quan
trong v&i mdy lam viéc lau dai véi van toc cao. D€ dam béo gia tri 8 ndm trong pham
vi cho phép khi thi€t k& ngudi ta thudng lam ting momen quin tinh cda may bing cédch
1dp thém vao may khau quay cd mémen quéan tinh J,. Khiu nay duge goi 1a banh da.
Dé thu gon kich thudce, banh di thuong duge 1ip & khau ¢d van (8¢ cao. Do viéc tinh
toan banh da, tinh todn phéan lyc khép dong, can bing vat quay, can biing may va didu
chinh chuyén dong da dugc trinh biy ki trong gido trinh nguyén li miy da hoc hodc
trong cic tai lidu tham khao 111, 141, 16! nén khong néu chi ti€t trong gido trinh nay.

8.3.4. Vi du

Cho co ciu xe con clia ¢in truc ¢o so dd nhu hinh 8.4 -

Cho trude: Khoi lugng toan b xe con m = 1500kg -
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Moémen quan tinh thu gon vé truc dong co cia dong co, khép ndi, bd truyén
Ty = 3,6kgm”.

Momen quan tinh ciia banh xe J; = 0,1kgm”,

Ban kinh banh xe R,z l16cm.

Ti s6 truyén gitta dong co va banh xe di chuyén i = 24,6.
Bé qua lyc can ma sat.

Hay xac dinh momen M cda ddng co sao cho tir vi tri ding yén sau 3,6 gidy xe con
dat dugc van toc v = 40m/ph.

. R
—— —
__:_(__: L
b9
/ L m
Hinh 8.4: So dé co cdn
xe con cia cdn tric
1. Déng co; -4 .
2. Khap rzéi: 2 l
3. Bo truyén; ]
4. Bdnh xe di chuvén; , J,‘;
5. Khung xe.

==l

Do khau dan 1a khau quay nén phuong trinh chuyén dong cda may ¢ dang:

D .,
I@)e + SV (e)o” = M (8.25)
Theo (8.9) ta co:
. :
Ko) = ,E {ml-(x’gi + ngl) + JSi'q;i?] (8.26)
Got quang dudng di chuyén cida cén tryc 1a S ta ¢6:
S = R(pR
Theo dau bai:
. 1 _
=2 0=0-7 = 00
¢, i
. do, _ 1 :
S : = = = 8.27
uy ra Pr(®) a0 i (8.27)
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Va: S(¢) = A (8.28)
do i
Chi y dén (8.27). (8.28) co thé vi€t (8.26) dudi dang sau:
(o) = Z[m(S(@)) + 4l - G (@) + T (8.29)
Suy ra:
o) = ( ) +4)y - L - hing (8.30)
]

Do J(¢) = hing nén phuong trinh chuyén dong cia co ciu c6 dang:
Ho)op = M (8.31)
Goi gia tdc trong qué trinh chuyén dong 1a ¢ ta co:
O
T

Véi w, 1a vin toc goc cia dong co tai thoi diém t,.

Biét: O ivi o = v
(O R
1LV
Suy ra: a=— (8.32)
R.t,

Thay 56 vao (8.30), (8.32) va sau d6 ¢ vao (8.31) tacéd M = 104 Nm.
Nhu vay néu cho truée gia 16c khi khédi dong, gid tri cda J(@) quyét dinh gia tri
moémen khéi dong M.
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Chuong 9

CAC MO HINH PONG LUC HQOC
THUONG GAP TRONG MAY XAY DUNG

§9.1. KHAI NIEM

Miy xay dyng la mot trong nhiéu linh vuc cda nganh ch& tao mdy, vi vay ndi dung
bai todan dong luc hoc mdy xay dung khong tach rdi ndt dung cla bai todn dong luc
hoc méay. Song do diac diém vé nguyén li lam viéc, vé tinh ning ki thuat, vé luc can
cong nghé... nén nodi dung bai todan dong luc hoc may xay dung rat da dang.

Theo nodi dung c6 thé phan so bod bai toan dong luc hoc may xay dung thanh cac
nhom chinh sau:

Nhom 1: Nghién cttu, tinh todn anh hudng cda tai trong dong luc phat sinh trong qua
trinh lam viéc d&n cdc chi ti&t, cac cum chi tiét, cac co cdu din va truyén dong, cing
nhu dén cdc k&t cdu co lién quan nhu k&t cdu thép, méng may...

Tuy theo ndi dung nghién ciru ngudi ta st dung hodc la md hinh mdy cé khau cung
tuyét dsi hay noi khac di khong xem xét dén chuyén dong tuong doi gira cdac khau do
bién dang dan hodi, hodc la cdc mo hinh ma gitta cidc khau ¢é khoi lugng duge ndi vai
nhau bing cdc phdn wr dan hdi va gidm chdn ¢6 hodc khong cé khoi lugng.

Mo hinh mdy c6 khau cing tuyét doi thudng duge dung khi nghién ciu, tinh toan
thoi gian mo mady, thoi gian phanh, tinh todn phan lue khdp dong. tinh todn méng mdy...
(xem chuong 4, churong 8 va chuong 10).

Mo hinh c6 ké dén sy dan héi cdc khau thudng gép trong tinh toan dong luc hoc céc
co cau nang, co cau quay, co cdu di chuyén cia cn tryc, mdy xic, thang may, n dinh
dong lyc... :

Kbhi tinh toan bén cdc chi ti€t, cum chi ti€t hodc két cdu, tac dong cla tai trong dong
luc duoge dinh gid bing hé so tai trong dong hodc bhé s8 dong luc k,. Tai trong dong
dugc phan thanh tai trong dong quan tinh néu may dugc xem la cing tuyét doi va tai
trong dong dong luc néu ¢o xem xét dén sy dan héi cha cdac khau.

Heé s6 tai trong dong thuong duge dinh nghia 1a 1 s gira tai trong dong lyc nhan
dugce sau khi gidi phuong trinh miéu ta chuyén dong ctia mé hinh nghién ciru va cac tai
tinh trong t& hop tai trong tuong ung.

Khi nghién ctru két ciu thép mdy xay dung ngudi ta coi vang lam vige cua ching
nam trong mién dan hoi nén hé s6 dong luc con dugc dinh nghia nhu sau 1151

kd — YI'llilX
i
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Trong d¢:

Ymax - 40 vong idn nhat do tai trong dong luc sinh ra;

y, - d0 vong 1dn nhat do tai trong tinh tuong ung gay ra.

Nhom 2: Nghién ciru anh hudng cla thong s¢ dong luc cia hé d&€n chit lugng sén
phdm, ning sudt, k&t cdu cla mdy dé tir d6 xac dinh duge cac thong so 1am viéc hop
i clia ching.

Day 1a ndi1 dung co ban cia viéc nghién ciru dong luc hoc cia cdc mdy lam viée theo
nguyén li rung, rung ép, va rung nhu cac may ddm chat va tao hinh san phim tir bétong,
ddm d4t, cac bua rung, sang rung, nghién rung, van chuyén rung...

Nhom 3: Nghién ctu anh hudng cda dao dong d€n moi trudng xung quanh cing nhu
tac dong cda n6 d&n dod chinh xdc cda cac may, cic cong trinh va dic biét dén sic khoe
nguoi lao dong. Cac k&t qua nghién ciu phuc vu chii yéu cho cac cong viéc phong va
chdng rung.

Do ndi dung nghién ctru dong lyc hoc may noi chung va dong luc hoc may xay dung
ndéi riéng rat da dang, phic tap va do tinh chat, thoi lugng cla gido trinh, dudi day chi
trinh bdy nhw 12 nhirng thi du viéc nghién citu ddong luc hoc may xay dung.

§9.2. XAC PINH MO HINH NGHIEN CUU

Viéc chon hop li mé hinh tinh toan dong luc 1a bude ¢6 tinh chat quyét dinh dén két
qua nghién cttu. Mo hinh hop li 1a mo hinh don gidn nhat ¢6 thé duge song phai cé két
qua phi hop véi thye t€ voi do chinh xdc yéu cdu (mo hinh 81 thiéu). Viéc chon mo
hinh nghién ciu cho méi loai may, thim chi cho cung mét loai mdy phu thude vao
nhiéu y&u t6 khac nhau nhr muc dich dat ra, mic do chinh xac yéu cdu, phuong tién
san ¢o.

Thong thudng tng véi moi loai may c¢é mot hodc mdt s& mo hinh da dugc nghién
ctru, vi vay khi chon mé hinh mdi, bén canh viéc phan tich mo hinh sin ¢6 cian phai
lam sdng td mot s6 cdu hdi chd yéu sau:

- Con ¢6 thé sir dung mo hinh tuy€n tinh hay budc phai st dung mo hinh phi tuyén,
y&u td nao din heé dén he phi tuyén.

- §6 bac ty do cdn bao nhiéu dé dd c6 thé chdp nhan dugc.

- C6 nhing chi din nao té ra dl chinh xac dé xdc dinh cac thong s& ciia hé.

- C6 thé kiém tra dugc két qua tinh toan hay khong.

Viéc trd 101 cdc ciu hdi dat ra trén day khong d€ dang va tay thudc rit nhidu vao
muc dich yéu cau dugc dit ra 141, Tuy mo hinh cang phirc tap thi cang gin vdi thuc t€,
song s& ¢d rat it tac dung néu khong c¢6 céc chi din dd chinh xac dé xac dinh thong so
cda he, vi day la cic y&u 16 co ban gay ra sy sai khdc gitra k&t qua tinh todn va thuc
t€. Kho khin nhat khi xdc dinh cac thong s cda hé 1a xac dinh chinh x4c thong s6 giam
chdn, vi vay trong mo hinh khong nén st dung qua nhiéu phan tr giam chan.
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Khi nghién citu dong luc hoc mdy c6 thé xem 1a cung tuyét d6i hodc dugc ndi vaoi
nhau bing cac phén tr dan hdi, gidm chén tuyé€n tinh hodc phi tuy&n tay thudc vao két
cdu clia mdy va diac tinh ki thuat cGa ching nhdt la van t6¢ khi lam viéc. C6 thé sur
dung md hinh cing tuyét doi dé nghién citu may néu (an o riéng thap nhat cia hé 1on
hon tdn s6 kich dong cao nhit. Trong trudng hgp nguge lai phai st dung hé ¢ nhiéu
bac ty do. Tat nhién viéc gidi hé phuong trinh nhiéu bac ty do rdt phirc tap va ton thoi
gian, song hién nay vin dé nay khong con 1a tré ngai qua 1on né€u st dung cac chuong
trinh ¢d sin nhu Matlab, Mathematika, Alaska...

Trong may xay dung ngudi ta sit dung cd md hinh ¢é khau ciing tuyét d8i 1an mo
hinh c6 khau ndi vdi nhau bing cdc phan tr dan héi va giam chdn véi s6 bac ty do
thuong tir mdt d&n ba (xem vi du néu trong bang 9.1).

§9.3. CAC DAI LUQUNG THU GON VA KHAU THU GON

Khi nghién cttu ddng luc mdy cé khau cing tuyét dgi thudng sir dung cac dai luong
thu gon nhu khéi legng thu gon, luc thu gon, do cing thu gon... Khau dat cic dai luong
thu gon dugc goi 1a khau thu gon. V& mat Ii thuy&t khau thu gon ¢6 thé chon khau bat
ki, song thudng gip nhit la khau dan.

Viéc xac dinh cac dai lugng thu gon déu dua trén nguyén |i can bing nang lugng va
da duoc néu trong gido trinh nguyén i may va trong cac chuong 4, chuong 8 nén dudi
day chi bd sung mot s6 vi dy.

Bang 9.1. Mgt s6 mo hinh déong hrc trong may xay dung

Thtt tu Mo hinh Linh vyc ap dung
1w |
Tinh todn lac ngang ctia tai trong khi xe con
di chuyén.
m - tai trong;
I - F ! - cap ning;
v(t) - van tdc di chuyén xe con;
¢ - goc lic.
m
%y Tinh todn dong luc hoc sang rung.
/ & . m - Khoi lugng;
2 m _— C,, C, - 49 ciing 10 xo;
7| r - do lech tam;
TI7IIIIITITTY, 777, 7777| @ - Van toc goc.
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Bang 9.1. (tiép theo)

Thur tw M6 hinh Linh vuc ap dung
/ 7 | Tinh toan dong luc thigt bj van chuyén rung.
CAR N N N N__~_]]|m - khoi luong;
3 up < r - ban kinh tay quay;
- # | C’- d& cung tay bién;
/A ¢ - tdng d6 cing cdac phan tir dan hdi.
Tinh toan dong luc hoc co ciu thay déi tim
’?/ :/[o van
4 ,u’,’;’C, | g m, - khoi lugng cén;
A, 1y K o X m, - khoi lugng tai trong;
4 ¢ . X 1 X2 }KX C,. C, - dd cang ciia cip;
I, /f Sh2y v [,.1, - chidu dai cdp cin va cdp nang;
A 8 g % | a - géc nghiéng cin;
e | 0. W, x - cac toa do.
Xl J’ m.{g
Tinh toan lu rung.
En,’dﬂ. Pa. Ap. hy - mpdun dan hoi, do giam
chian, trong lugng thé tich, dién tich, chiéu
s cao vt liéu can dam;

c
%

T 1

7 s

C,, G, my, 4y, - d6 cung, khoi lugng lu,
momen tinh, vin toc truc léch tam;

m, - khdi lugng dat dao dong theo;

b., b, - giam chan.




Bang 9.1. (ti€p theo)

Thd twr Mo hinh Linh vyc dp dung
My . .
Tinh todn ban rung co gia tai (hoac khong).
Er gy Il TF Ey, dg, py. Ag, hy - modun dan héi, do giam
8% RO I chan, trong lugng thé tich, dién tich va chiéu
6 B Agy T cao san phim;
cr C,. b, o,u, m, m,-do cing 1o xo, giam
@ ,‘;’; @’ chdn, van tdc goc, momen tinh, khoi lugng
o3 l’b r3 cia ban rung va gia tai.
% 3 7 £ Gy h
/j-‘ e
Cop by Y % by
?{ﬁ/ @3 ¢§qa
_T‘ - : — II Tinh toan ddm canh.
by B RIERR Eg. dp. pg. Ag. hy - nhir da néu & mo hinh 6;
7 o 'B, Aa .---.'..' .- Ci, b|, m;, u, 0, C]. ms, bz. u,, @, - thf)ng
i T o 2 4 s0 tuong iing nhu & mé hinh 6.
1”1@7
%, 5% Cyp . by
Tinh todn méng may.
g my, - khoi lugng may;

mg - khdi lugng méng;
C, b - do6 cing va gidm chin cla nén.
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9.3.1. Vidu 1:

Cho so dd co ciu trinh bay trén hinh 9.1. Xdc dinh do cung thu gon clia hé vé truc
dong co.

My
T
I - . - .
L i
143
| ‘23
el C —
o il
S R
||
7

Hinh 9.1: So dé co cdu
Xudt phat tr diéu kién can bing thé nang:
U=2XU; (9.1)
Trong d6: U - th& nang do khau thu gon sinh ra;

U, - thé ning do khau i clia co cdu sinh ra.

1 2
Ta c¢é: —C,Ap =

I‘J

1 n
5 :Z, (9.2)

Hay: Cy :Eci(%‘;f 9.3)

Trong do:
Cigr C; - d0 cing thu gon, do cing khau i;
AQ, A(p.; - géc xoay cda khau thu gon va khau i.

Vai khau 1 1a khau din, tir so d8 ta cd:

M,
Ay = Ap = "
1
A B & _ MI s
P2 C, C,
M M, M . M
Apy = — = =y = I Lzl = VK
C-; C3 2 2
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M, _ M M.

Ag, = C. = _C'n_[-il2'i23-in—l.n = En_ll,n (9.4)
Thay (9.4) vao (9.3) va sau mot vai phép bi€n d6i don gidn ta cé:
1
Ce = 9.5)
ZiL/C
i=1
Néu k& dén hiéu sudt truyén dong gitta cac khau ta cé:
C, = ————o (9.6)

4 n
2 i%i-nlilci
i=1

D& nhén thdy ring gia trj cia C,, phy thudc vao viéc chon khau thu gon ciing nhu
vi tri tdc dyng lyc vao khau nao trong co ciu. Viéc xéc dinh gia tri C,, khi khau thu
gon khong phai 14 khau din va luc tic dung & khau bat ki vé nguyén tdc tinh ciing
giong nhu trén nén khong néu & day, ngudi doc ¢6 thé tham khio trong céac tai liéu
ITH, 1144

9.3.2. Vidu 2

Cho co cau nang nhu hinh 9.2a. Thi€t 14p md hinh tinh, xiac dinh do cing va giam
chdn thu gon. B3 qua tdn hao khi truyén déng.

V@i co cdu nang did cho ta ¢6 thé chon céc so dd tinh toan khac nhau. Trén hinh
9.2b, c, d trinh bay 3 dang md hinh tinh thudng gip, trong dé khau thu gon dugc chen
1a truc ddng co (hinh 9.2b) hodc vat nang (hinh 9.2¢) ho#c khong str dung khau thu gon
(hinh 9.2d). Do vé nguyén tidc cach tinh cdc dai lugng thu gon gidng nhau, nén dudi
day chi trinh bay cach tinh cho so d6 9.2b.

a) Khoi lugng thu gon -

B qua momen quan tinh cia hop gidm tdc, xuat phat tir diéu kién can bing dong
nang ta co:

1 3 1 a1 2 I 2
—J. .0 ==-J.0o+-J.0of+-
2 - @ 5 BLY 5 nm:+2m.v’
Suy ra: I, = J.(9)2+J .(&)Zm.(&-_“"f ©.7)
' 0] l ®, a.o,

Jld=J1+Jz+J3
_ OnZ o
Véi: 5, =1 (m) =],
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18
? 7.
i
r-4
‘p .5
7
\
v .
| ¢
my
.'v %
1|c a|C
,I
4 &4
@b Tt Re
— | 3
T ’
— 1
,
L [ —— I—J[/
M:‘ z 1%
‘--..’_—-'
-~ i~ e
2 Both 30,0l |2
3 T : d
& 1}@ b < M Cuy i G
i | 'A'A'A'A'A' - 1
—t 5 17 ‘ L L e ’%
T o M ey ™
T b,IT:Z;'_Q TR
1% 1 .
&) C)
Hinh 9.2:

al So dé co cdu ndng: 1. Dong co: 2. Phanh; 3. Hop giam toc; 4. Tang; 5. Paldng: 6. Var nang;
7. 8. 9. Cdc cum puli; b, ¢} M6 hinh tinh todn dong luc; d) Mo hinh truecge kii thu gon.
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Trong do:

J,g - momen quan tinh thu gon vé truc dong co;

I, R, ®, - mémen quén tinh, ban kinh va vén tdc gdc cda tang;
i - ti s6 truyén hop gidm toc;

a - bdi suit pa ling.

b) D¢ cung thu gon

Theo so d6 co cdu C, 1a dd cing cha cac cum chi tiét trudec d6 da thu vé truc dong
co nén & md hinh tinh da ¢é C, = C,, vi vay chi cin tinh 40 cting thu gon cda cap nang
C, dat tai truc dong co.

Goi {, Al va Ao ldn lugt 1a chidu dai cdp, do dan dai cha cap va géc xodn do cap tac
dung lén truc dong co, theo nguyén tic bao toan thé ning te co:

.I. 2 1 2
5 CipAl” = 5 C,. Agp” (9.8)
Mait khac n€u goi Ag, 1a goc xoiin do cap tac dung lén tang ta co:
Al 2Al
el —— 9.9
A =52 T D, -2)
Va AP = 1.AQ, (9.10)
Thay (9.9), (9.10) vao (9.8) va sau mot sd bién d6i don gian ta cé:
D}
C2=7'C10 (9-11)
. 41
Vai gia tri C,y duge tinh nhu sau.
EF
CIO S — (9.12)
a.
Trong doé:
a - boi suat pa liang
Suy ra:
D{ EF |
C=—7 — 9.13
24 all ©-13)

¢) Xdc dinh giadm chdn thu gon
Tuong ty nhu tinh todan d¢ cing thu gon, viéc xac dinh gidm chan thu gon cing xuét
phdt tir sy can bing ning lugng va chi cin tinh b,.
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. 1 L 2
Ta c6: '2"b10 Vo= 5 b,.c (9.14)
. w.D,
Vo V = —
2.1.a
D?
Suy ra: by =byy - l, (9.15)
d4i.a

9.3.3.Vidu3

Cho so dd co cau va cac thong so nhu hinh vé (hinh 9.3). Xdc dinh cac dai luong
thu gon khi mo hinh tinh toan dugc chon la moé hinh day (hinh 9.3b).

Hinh 9.3: So dé co cdlu va moé hinh tinh
1. 2, 3, 4. Cdc khau.

Ji, @; — momen qudn tinh va géc xoay cha
cde khdu; J;, @, — mdémen qudn tinh va
goc xoay thu gon; C, b; — d6 cung va he
$6 giam chan cia cdc khau; C,, b, — d6
citng va hé so giam chdn thu gon; Ms(t),
My(t) — luc va liec thu gon; vy, r'’5 — bdn
kinh vong rron ldn bdanh rdng twong img.

Vai:

Q=9
3 rz
(P?. =
’
s

0y =

Q3. —

W g B
<
a)
:a, E Mrtr)
5 At 2 73
F altor o
‘5,‘?2’ ‘)?
T4
]It'?r’f _‘er, f’t % ¢?t
. '3
(4 .
4 cnt d ] —— My (1)
P2y = O3
@ = 1.02 (9.16)
I : .3 Iy
=My 1= = —
T 2 Ir 2

Tir cac dai lugng da cho ¢6 thé xéac dinh dugc cac dai lugng thu gon

a. Xdc dinh mémen qudn tinh thu gon

Dua vao diéu kign can bing dong niang khi thu vé truc I ta cé:

1 )
5 Jlt-(P;Jt
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1 1, 1
EJZI‘-P%t = —32(P§+EJ'1 %
1 : i ")
5 J3l'q)§t 5 J3.03

Thay (9.16) vao (9.17) suy ra:

J=Tn =L+ Lit; Iy =i
b) Do cumg truc thu gon
Xudt phat tx can bing thé ning dan hdi ta c6:

1 )
% Cie(oy - ‘Ph)2 = 5 Ci(o - ‘Pz)2

Coul@n - (Psx)z = — Co(¢h - (P3)2

b [ —

1

2
Suy ra:

Cy =C, ; Cy = Cp.i
c) Hé 56 can thu gon

(9.17)

(9.18)

(9.19)

(9.20)

Xuat phiat tir diéu kién can bing cong cia momen cin tuong ung bing nhau ta co:

bs:-(i’n-q)u = b3~¢1-‘P1
bm-‘bm-(Ps: = b4-(i’3-<P3

bn-(‘bzx - ‘i’n)((sz - Q)= b]-(‘i’z - (bl)((Pz - )
b2t'(¢'3t - ‘bzv)((Pm —Qy) = bz-((ba - (i)z)((Pa -0y

Suy ra:

b3: = b3; b4. = b4.i2 s b“ = b] : b2t = b:z,i2

d) M6 men thu gon
Xuét phat tir diéu kién can bing vé cong ta c6 :

M;(1).03 = Ms(t).93
Suy ra: M, (t) = M;(t)a

§9.4. MO HINH TINH TOAN DONG LUC HOC MAY NANG

9.4.1. Khdi niém

(9.21)

(9.22)

(9.23)
(9.24)

M4y nang 1a nhém may cong tic dung dé thay ddi vi tri clia cac d6i tugng cong tac

nhd cac thi€t bi mang vat tryc ti€p hodc gian ti€p nhu mdc treo, gdu ngoam, ca bin
thang may...
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Chuyén dong chinh cla may ning la nang (ha) vat theo phuong thing dimg. Ngoai
ra d& ddm bdo di chuyén vt d€n vi tri mong mudn, thy theo tinh nang ki thuat, may
nang con c¢6 cac chuyén dong khac nhu quay quanh truc may, di chuyén trong mat
phéng ngang hodc ldc quanh truc nim ngang (thay d6i tim vé&i). C6 nhiéu cich phan
loai khac nhau, song theo quan diém dong luc hoc mdy nang co thé phan thanh cac
nhom may sau: _

Nhém 1: Bao gbm cdc may nang chi c6 chuyén dong nang ha nhu t&i nang, thang
may (c6 hoac khong cé ddi trong)... Phan tir dan héi chi y€u trong nhéom mdy nay la
cap nang.

Nhom 2: Bao gdm cac may nang cé chuyén ddng nang va mot chuyén dong ngang
nhu cidc monoray, cin truc khong quay...

Nhom 3: Bao gdm cac cén truc, cdu truc, ngoai chuyén dong nang (ha) con ¢6 cac
chuyén dong khdc nhu di chuyén, quay, thay d8i tdm vé&i doc lap hoiac déng thoi véi
chuyén dong nang (ha).

Nh¢ viéc phan loal néu trén khi nghién ciru ddng luc hoc may nang ngudi ta xay
dung mo hinh tinh todn cho cédc truong hop sau:

- Mo hinh tinh todn dong luc hoc cho ting co cfu: Co cdu ning; co cdu quay; co
cau di chuyén; co cdu thay d6i tdm véi. Tuy theo yéu cau dit ra, két ciu thép co thé
dugc xem la cirng tuyét doi hoic dan hoi.

- M6 hinh tinh todn dong luc hoc khi nhiéu co c4u hoat dong déng théi nhur di chuyén
va nang (ha) vat kem theo léc ngang, nang cung vdi quay...

- M6 hinh t8ng thé cho toan cin tryc. Mo hinh nay thudng dung khi nghién cttu téng
thé hoac tinh toan on dinh dong luc cin tryc.

9.4.2. bong Iuc hoc co cau nang

Do chuyén dong nang (ha) la chuyén dong chinh, 13p di 1ap lai cung véi qué trinh
khéi dong hoac phanh nén tdi trong dong phat sinh khi co cdu nang lam viéc thudng
khi lon. Khi nghién ciu dong luc hoc co cdu thuong dugc khao siat & cdc trang théi
chil yéu sau:

- Khéi dong hoiic phanh khi vat dang treo ty do bing cdp nang, (theo hudng nang
hoic ha).

- Nang vat khi chwa tach khoi nén (dan hoi hodc khong).

- Nang vat khi ké dén kha niang lat cda n6.

Khi xay dyng mo hinh tinh todn dong luc co cdu nang ket cdu thép cé thé coi la
cing tuyét d6i hodc dan hdi. Mo hinh tinh todn cé thé tuyén tinh hoic phi tuyén, song
phd bi€n 1a mo hinh tuyén tinh c¢é bac ty do khong Ign hon 3.

a) Mé hinh tinh todn hai bdc tu do

Hinh 9.5 trinh bay mo hinh tinh todn co ciu nang hai bac tu do khi vat treo ty do
trén cap nang. Pay 1a mo hinh don gian, tuy nhién né ciing cho két qua vdi do chinh
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x4c so bo théa man vdi yéu cdu ki thuat do thyce t€ dit ra. Cac khoi lugng m;, m,, cac
luc P, Q 1a cac dai lugng thu gon, lyc F la lyc dan héi do cdp sinh ra. Tay theo khéu
thu gon dugc chon trong so dd tinh, trang thai lam viéc khéi dong hodc phanh, chuyén
dong theo hudng nang hoic ha ma cdc gia tri my, m,, P, Q duogc tinh va dat vao so d6.

Theo 1151, khi tinh toan dong luc hoc co cdu nang & ché€ do lam viéc khong 6n dinh
ttng vl cdc trang thai 1am viée c6 téi 11 so dd tinh trong ting.

D€ 1am thi dy xét truong hop nang vat, khau thu gon 12 truc déng co cla co cdu

nang (hinh 9.4). P

Phuong trinh chuyén dong cia hé cé dang sau: x’f 1
m.X, = P—F (9.25) 7
mz-.’.‘z = F-Q F
F=Q+ C.(x;-X5) (9.26) x, 1~

Véi: | f |

P- luc phat dong thu gon; |

Q- trong lugng vat nang, _l &«

C- 40 cung clia cap; Hinh 9.4: M6 hinh tinh todn

F- lyc cang cap khi ké dén dan héi. co clu nang 2 blc ty do

Thuc hién dao ham bac hai phuong trinh (9.26) va sau khi thay i, , 3{2 to phuong
trinh (9.25) ta cé:
F+C(—+1)F=c(2+ Q) (9.27)
my  m, my My
Phuong trinh (9.27) 1a phuong trinh vi phan bac hai theo F, vi vay nghi¢m téng quat
cda nd c6 dang:
F = Acoswo,t + Bsinot + D (9.28)
Vi A, B 1a cac hding s& phu thudc vao diéu kién ddu, khi t = 0 (x;; = X9} X0 = X50=0;
: > 1 1 ,
F=0) w, = C.[ —+—); D la nghiém riéng & i v& phai 1a hing.
) o] (ml mz), & nghiém riéng ung véi vé phai la hang

Giai phuong trinh vira néu ta tim duoc:

_ Pm,+Qm; _ N (P - Q)m,
m; + n, ny + m,
P-Q)m
Ao B-Om
m; + m,
F=0Q + wﬁ.(l —~ COS M, 1) (9.29)
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Tir (9.29) ta tim dwoc gia tri F,, va F,, nhu sau:

2(P - Q)my,

I:"ma)( =Q+
m|+m2

l:min = Q
- . .n - Fmax - -
Néu goi ti s0 _Q_ la hé s& tii dong va (P - Q) = ¢,.Q ta c6:

i,

kg = 1+ 2¢,
d ¢ m;+m2

Dé thdy ks > 1 va phu thudc nhiéu vao thong s8 khdi lugng cia hé.
b) M6 hinh tinh todn cia co cdu ndng cé k€ dén dan héi cia két cdu thép

Trong qua trinh 1am viéc cia cdn tryc qud trinh dan hdi khong nhing xay ra & céc
co ciu ma ca & phén két cdu thép diung d€ 1dp dit chuing, vi vay khi tinh todn dong luc
viéc xem xét sy 1am viéc ddng thoi cla ciac co cdu va két cdu thép td ra gin vai thuc
t& hon, nhat 12 d&i vdi cdc cdn tryc dang cdu nhu cdu truc, c¢dng truc hodc céac cén truc

cO tAm vdi 1gn.

Xét mdt cdu truc ¢6 co cdu niang 1am viéc déng thdi voi ddm chiu bién dang dan hdi

khi nang vat tir mit nén cing (hinh 9.5).

Prt) A1)
!P(r) 2
7 S
2

T

Hinh 9.5: Qud trinh déng luc hoc khi ndng vat ndm trén nén ciing.
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Vi trang thai 1am viéc nhur trén qua trinh nang vat chia thanh hai gial doan:

- Giai doan thit nhdt: Cap nang trung, luc trong cdp nang tang tor khong dén gia tri
vat nang bdt ddu tach khoi nén. Tai thoi diém vat tach khdi nén ddm c6 do vong vy,
(hinh 9.6a).

- Giai doan thit hai: Bdt ddu ngay sau khi vat tach khéi nén, trong giai doan nay
chidu dai cap nang thay ddi.

Nhu vay viéc nghién ciru dong lyc cda hé phai dua trén sur 1am viéc ddng thoi gira
co cau nang va k&t c&u thép. Mo hinh tinh toan don gidn nhat clia né cé hai bac ty do.
Trong trudong hop can két qud chinh xdc hon ngudi ta hay ding mo hinh 3 bac tv do
hodc nhiéu hon [15].

Bai toan nghién ciru thong thudng dit ra nhu sau:

Cho trudc thong s clia két cdu thép nhu khdi lugng, do cung, quy luit chuyén dong
co cau nang. Xac dinh s& dong luc kg
_ Ymas

yl

Né&u mo hinh tinh dugc chon theo hinh 9.5 ta ¢é cic phuong trinh miéu td chuyén
ddng cho hai giai doan lam viéc nhu sau:

- Giai doan thu nhat: (Hé 1 bac tu do).
My =R + P (9.33)

kq

Vo
M - khdi lugng tuong duong cha k&t cdu thép va khdi lugng xe con;
R=-Ciy; '

Cy - 40 cung twong duong clia két cau thép,

P - tdng luc cdng trén cdc nhanh cép.

P=- l-c.y+i .s(1)
H

Trong do:

o= 4V
H

v = EF

a - boi suit pa lang;
H - chiéu cao ning.
Phuong trinh (9.33) ¢6 dang:

My = -Cy-ky +ﬁ s(t) (9.34)

Hay viét dudi dang t8ng quat:
y + Ay = r5t) (9.35)
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Vai: A=

M
_ ¥V
p=
H.M
- Giai doan thit hai: Ngay sau khi vat tich khdi nén ta cé6:
My =R +P (9.36)
Mz =— P+ mg
Vi P=k(z -y -H)+ Ls(
H

Thay vao cic gia tri R va P vao (9.28) ta co:

My —Ck.y+k.(z—y—H)+%.s(t) (9.37)

Mz = —k(z—y—H)—ﬁ.s(t)+mg

Diéu kién dé vat tach khoi dat ta;
P=m.g

Hay —I%.s(t) -kg=mg (9.38)

Viéc giai phuong trinh (9.35) hoac hé phuong trinh (9.37) vé nguyén tic khong kho
khi da x4c dinh dugc diéu kién bién. Tuy nhién viéc phan tich cic giai doan chuyén
dong kha phitc tap. Theo 1161 do vong lon nhit x3y ra ngay sau khi vat tach khoi nén,
con trong giai doan vat da tach khdi nén (niang va phanh) hé so tai trong dong ky = 1.1,

9.4.3. Pong luc hoc co cau quay

Mo hinh nghién ctru dong luc hoc co cdu quay rit da dang, thuong c6 tir mot dén
hai bac tur do, cap nang ¢ thé coi 1a khau dan hdi hodc khong. Hinh 9.7 va 9.8 trinh
bay hai trong nhiéu so d0 tinh todn ddng luc co cdu quay 1141

e
‘ %P
|‘ B 2, %
' {l'ﬁ Y [+X:]
| )
1,

o i ]
l R M IJ | 4
Y om v ‘]

P fan) N @ ¢
—
VLIRSS L
Hinh 9.6: So dé tinh todn goc Hinh 9.7: S d6 tinh todn
nghiéng y ciia t4i trong khi quay déng lie co cdu quay
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Phuong trinh miéu ta chuyén dong vat nang (hinh 9.6) khi quay quanh di€m tryc treo
¢o dang:
Jy =M (9.39)
Trong dé:
J - mémen qudn tinh v&t truc treo vat,
M - tdng mdmen clia cic lyc d8i vdi truc treo vat.

M = Qlsiny + P,.lcosy (9.40)

J=mr (9.41)

Thay (9.40), (9.41) vao (9.39) va coi gin ding siny ~ y.cosy = I vi voi didu kién
ddu tait,=0coy = 0 %‘E = y = 0 ta ¢6 phuong trinh tinh goéc ldc y nhur sau:

w = ZR(1- cosot) (9.42)
2

Vai: y - goc ldc cha vat nang khi quay;
R - badn kinh quay;
¢ - gia toc khi quay;
o - tan s6 goc khi quay.

Khac vdi so dd tinh todn & hinh 9.6, hinh 9.7 trinh bdy so d6 tinh toan ddng luc co
cdu quay c¢o6 hai bac ty do. Van dé dugc dit ra 1a xdc dinh mdémen 1on nhat tdc dong
lén co cau quay co ké d€n anh hudng cla cdc phan tir dan héi.

N&u goi: @p. @y 14n lugt 1a chuyén vi géc clia khoi lugng phin quay clia co ciu quay
thu vé truc dong co. chuyén vi géc cita khoi lugng phan quay ca cdn truc dua vé
truc quay,

Jp. Ji 1a mOémen quan tinh thu gon ca co cidu quay dva vé truc dong co va modmen
quén tinh thu gon cda phan quay cn truc dua vé truc quay thi dong ning T va thé ning
U cuia hé khao sat duge viet dudi dang sau:

T = %.JP.(b§+% Jgl (9.43)
1@ = Clpp—¢) = — (M +M,)
Vai: M,, My, M, lan lugt 12 mémen can tinh, momen dur vi momen do vat nang
sinh ra,
M = QR.tgy = QRuy (9.44)
Lan lugt nhan phuong trinh dau va phuong trinh thd hai vai Jg va Jp sau d6 trir hai

phuong trinh cho nhau ta co:

REY Jp + i .M+ My +Jp . (M, + M,
Op— O +C . T2 (@p— ) = (M, 9+ Jp. (M, )

P - JP'Jk

(9.45)
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bit: P = Qp - Py

etk p (9.46)
Tpd,
M+M M, _
—— +t—=gq
I T

M,
7T Q.Ry = Al —cosot)
k

Khi d6 phuong trinh (9.45) dugc viét dudi dang sau:
¢ +Plo = g+ A.(1 - cosmt) (9.47)

Momen M tic dong 18n co cdu quay khi ké d&n 4nh hudng ctia cac phan t& dan héi
co dang:

M = C.g (9.48)
Nghiém t8ng quat phuong trinh (9.40) c6 dang sau:
¢ = C,.cospt + C,.sinpt + %— A ~ .cOSmt
P op-w
Trong d6:
C,, C, la hing s¢ tich phan.
D=qg+ A

) M, .
Ung v&i diéu kién ddu tait =0, ¢6 ¢ = —Cl; ¢ = 0. Theo 114l ta c6:

o)
— * COSpt — coswt

2
Md(l—cospt)+—Jf’—.-(&£ 1+ P
Jp‘Jk g w”

o

Io+1r

M=M+

(9.49)

Tir (9.49) thay ngay ring gid tri M phu thudc vao gi4 tri cla mémen can tinh M,,
moémen du My vao mdomen do vit nang bi lic gy ra.

Gia tri M., dat duge khi cospt = cosot = - 1.
pAN » g J
M, .« = M,+M,. +QR .= . —E— (9.50)
Jo+ 3 g L+

9.4.4. Pong lyc hoc co ciu di chuyén

Muc dich tinh toan dong luc hoc co cau di chuyén la nhdm xdc dinh luc ddng e
phat sinh khi co ciu 1am viéc, dic biét 1a khi khéi dong (hosc phanh) c6 ké dén chuyén
dong l4c clia vat nang hodc khong va khi co cdu di chuyén va vao y han ché hanh trinh.
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Mo hinh tinh todn thuong c6 tr hai dén ba bac ty do va tuy theo yéu clu co thé ké
dén anh hudng clia cac khe hd cia cac cap banh ring truyén dong hay khong. Bing 9.2
néu mot s mo hinh tinh toan dong lyc hoc ciing nhu phuong trinh miéu ta chuyén dong
cia hé va truong hop ap dung ching. Viéc giai cdc phuong trinh nay giong nhu viéc
gidi cdc phuong trinh tinh toan dong luc hoc co cdu nang. Ngudi doc ¢o thé tham khdo
trong 1121, 1131, 1141,

Bang 9.2. Mot s6 mé hinh tinh todn dong luce hoc co cdu di chuyén

. Phuong trinh miéu td e
Mo hinh chuyén dong Truong hgp &p dung
v .. ’ . \ -
—_— - Giai doan 1 khi khéi dong co
mle [ s m;.x,=P-F cz‘l:u"di cfhuyé'n (khong ké d&n khe
- ’ F = C.x, ho & cac bo truyén) Juc dan hoi
c . .
tang tir 0 dén W.
v
—— . . i .
m.x, =P-F Giar doan 2 khi khai déng co
wilml|f  f {m| ”~ m,.X, = F - W cu di chuyén,
F=W, +C{x, - x,) | Kh6ilrgng m,, m, chuyén déng.
< v
W 1y m, I
m,.%, =P - F,
- mz..)E::Fl—FZ—W
m,.x, = F, Khdi dong co cau di chuyén ¢6
N F, =W+ C.(x, - x,) |ké dén lic ngang cda vit nang
X, =L
&

Trong d6 : m,, m, - cdc khdi lvong thu gon.
C. C, - do cung thu gon cia co ciu va cla cip ning
P, W, Q. F - lyc phat dong, luc can di chuyén, luc nang va luc dan héi.

§9.5. MO HINH PONG LUC HOC MAY DAM RUNG

9.5.1. Dic diém qua trinh diam chiit va tao hinh

Dim rung dugc st dung rong rai dé€ ddm dit va bé tong, trong nhiéu truong hop nhat
la trong san xudt cac cdu kién xay dung tir bé tong, bén canh cdc yéu ciu dat ra khi
diam chit con cé yéu cdu tao hinh sdn phdm. Muc dich chung cda qué trinh didm chit
va tao hinh la ting mat do hat vat li¢u, dién ddy ching vao mot khudn cho trude voi
dé dic chdc nhat dinh bing cédch loai trir t6i da cac khoang trong chira ddy khong khi
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va nudc. Chit lugng ddm chit phu thudce vao nhiéu y&u td khac nhau, song ba yéu to
co ban nhit trong ching 12 d¥c tinh ki thuat cla mdy, dic trung co 1 clia vit liéu va
dic diém quy trinh cong nghé. Nhu vay trong qua trinh ddm chat cing nhu viéc ddm
chit va tao hinh ¢6 sy tac dong qua lai gira may va d6i tuvgng ddm chit, va do tinh
chit clia doi tugng ddm chit thay ddi sau mdi 1dn ddm nén sy tvong tic nay clng s&
thay ddi. Do dic diém nay nén cho d€n nay viéc tim ki€m mot mo hinh ¢6 céc thong
$0 chinh xac phan anh ddy dd qua trinh ddm chit va tao hinh va tr dé xic dinh duoc
thong sd hop li clla may va dat t81 vu hieu qua ddm 1a rdt khé khin, vi vay thudng chi
st dung cac mo hinh miéu td gn ding qua trinh vira ngu. Hinh 9.8 trinh bdy mdi lién
hé gira dic tinh ki thuat cda may va vat lieu duge ddm trong qua trinh ddm chit.

9.5.2. Khdi niém vé mo hinh co hoc cia vat ligu cdn dam

Vit lidu cian ddm chat Thi&t bi ddm chit
1
Dbai lrgng dic bai luong dic Thong s6 ki thuat
trumg vé co li "1 trung vé& dong luc cia thi¢t bj

Quan hé chuyén dong caa hé khi lam viéc

1

Chat lugng ddm chat

Hinh 9.8: Tuong tdc giita mdy va chdt lugng ddm chdt

Khi nghién cttu dong luc hoc, vat lieu dugc mod hinh hod thanh nhtng mé hinh co
hoc, song do tinh da dang chGa vat li¢u va dac biét do trang thai, tinh chat co li cda né
thay ddi lién tuc trong qud trinh dim nén viéc xac dinh dugc mod hinh hop li nhat Ja
viéc xac dinh dugce chinh xdc cac thong s6 dong luc hoc cia nd 1a rdt kho khian, cho
dén nay vin dé nay van dang dugc tiép tuc nghién ciu va thuong két hop gitta nghién
ctu li thuy€t va thuc nghiém. Bang 9.3 gidi thidu mot s mo hinh cda vat liéu thuong
gip khi nghién cuu dong luc hoc may rung. D& nhén thdy ring ¢6 nhiéu quan niém
khac nhau khi ti€n hanh mo hinh héa vat ligu. Mot mo hinh dugc xem 12 hop li néu né
phan 4nh dugc qua trinh ¥ng xi cda vat ligu khi chiu kich ddng vdi do chinh xic cé
thé chdp nhan dugc, déng thdi ¢6 chi din cdn thiét khi xac dinh cac thong s¢ dong luc
co ban cia né. Tir quan diém d6, mic du cdc mo hinh 7 va 8 (xem bang 9.3) td ra phu
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hop vai thue t€ hon, song do thi€u phuong phap xdc dinh di chinh xac cac thong so
ctia mo hinh nhu md dun dan héi, gidm chdn cla vat liéu, toc do truyén song trong vat
liéu, hon ntra cac dai luong nay lai thay déi trong qué trinh dim nén chua duge sir dung
rong rai khi tinh toan dong luc.

Bang 9.3. Mét s6 mo hinh co hoc ciia vat ligu

. . s Linh viyrc thuong
TT Mb hinh Vat ligu duoe coi 1a ap dung tinh toan
| T‘p f2) Cimg tuyet doi Pim dit

TTTT7T7 77777777
} F

2 — Déo Pam dit, bé tong

i Pan héi khong khéi luong
3 IF(;) hodc dan héi - giam chan | Dam dit, dam be tong

khong khoi lugng
g % l At Dan hoi két hop voi dan héi | PAm d4t, thi€t bi ha coc
4 % mot chidu bdng rung dong
b 7
5 fF () | Dan héi két hop ma sat kho | Tinh toan cho dim dat
Pan héi va c6 khéi lugng . )
6 'F(f} vat lieu dao dong theo Dim dit, ddm be tong
7 £(e) Cot lién tyc D4am be tong, dam dit
£tr) : \ . A X s
8 Modi trirng truyén séng bam dat, bé tong
Trong d6: F - lyc kich dong; h - chiéu cao cot vat ligu; m, - kKhoi lugng vat li¢u dao dong theo;
$- 1& xo; l%l 16 xo chiu nén khong gian; +~ gidm chin nhdt; || ma sat kho.
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Nhiéu cong trinh nghién ctru da chi ra ring trong tinh toan ki thuat cdc mo6 hinh 3
va 6 cho k&t qua c6 do chinh x4c ¢6 thé chdp nhan duoce, do vay trong thyc t€ ching

dugce dang kha rdng rai.

9.5.3. Mot s6 moé hinh tinh todn dong hrc dadm rung

C6 rdt nhidu mo hinh tinh todn dong luc hoc ddm
rung, tham chi ngay cd cho mdt may ddm rung, do
vay dudi day chi néu nhu la cac vi du mot s8 mo hinh
hay gép va phuong trinh miéu ta chuyén dong cla he.
Viéc gidi cac phuong trinh nay vé nguyén tdc da dugc
néu ¢ chuong 7 nén khong néu & day. Hinh 9.9 trinh
bay mé hinh tinh todn ban rung cé gia tai hai bac ty
do, trong d6: F(t) - lyc kich dong; m, - khoi lugng
ban, khuon, bétdng; m, - khoi luvgng gia tai; ¢, by -
dd cing va giam chin cia phin t& dan hdi; c,, b, -
do cimg va gidm chin cia bétdong cidn dim chit va tao
hinh; ¢y, by - 40 ciing va 0 gidm chan cda he gia tai.

Ap dung phuong trinh Lagrange loai Il ta cé hé
phwong trinh miéu ta chuyén dong cla hé nhu sau;

Cy by
x,1 m

Ty
2 iié TF/r)

Hinh 9.9: M6 hinh tinh todn
ban rung gia tai

X

m,.X; + by.X; + by(X; — X2) + Cix, + Cofx, — X4) = F(1)

my.X; + b3.Xy + bp(X; — X9) + CaXy + Co(X, — X5) = 0 (9.51)

Khi can tinh lyc tac dung 1én nén F, va khung F, ta cé:

Cl.xl + b].)'(l = Fn

C3.X; + byx, = F,

(9.52)

Hinh 9.10 trinh bdy so dd tinh toan dong luc hoc ban va rung mot bac ty do.

Goi C, - do citng cia cac 10 xo lién két;

C,, - 40 cirng cda tdm dém dan héi;

S, - phan Iyc clda dém tiac dung lén ban;

S, - phén lyc cén khong dan héi;

Q - luyc cang ban ddu cia 1o xo, theo 161 c6:

Q=Cyey - Cipey

Trong do:

€, - khe hd giita ban va dém tao ra chi do 16 xo
phia dudi;

¢, - chuyén vi diu trén cia 1o xo phia trén sau khi
can chinh;

C,; - d6 cung 10 xo phia dudi;

C,, - d¢ cung 10 xo phia trén.
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Goi khe hd ban ddu gitta ban va tdm dém 13 e, ta cé:
C,e —-C,,e,
C
V&i cdc ki hieu trén ta c6 phuong trinh miéu ta chuyén dong cia ban duge viét
nhur sau:

e =
Fa

M Z _ (Czo + CJ’)Z - Sm - Sz
T C,Z-S,

Trong do P(t) 1a ham luc kich dong.

} ~ Q+P() (9.53)

Biéu thirc trén clia phuong trinh (9.53) tuong tmg voi thai di€m ban ti€p xic voi tdm
dém dan hdi, con dong dudi trong ng vdi truong hop ban da tach khdi dém. Viéc gidi
phuong trinh (9.53) la kha phirc tap va dd duoc trinh bdy chi ti€t trong 161 nén khdng
néu & day.

Hinh 9.11 trinh bidy mo hinh co hoc khi nghién citu ban va rung hai bac ty do 171

‘“f:’ X

[ o 1"2
! —

My m,
[ Cﬁbi’: & bz;_r={ Cz% Cy Xy C,{ G, :.T, bz [ X
ﬁ—‘& ‘ uﬁ m, W % ! __ls)w ___'_!
[

:
rm, @

Co [ ]
&3 e g b
T, e o # S e o
aj) &

Hinh 9.11: M6 hinh ban va rung hai bgc te do
a) Kich dgng tdn 56 thdp (rav bién); b} Kich dong li ram.

Néu goi:

m,, m, - khdi lugng ban dudi va ban trén cang vdi khuon, kep khuodn va bétong can
tao hinh.

C;, C,, Cy, Cy - d0 cing cia cdc phan t& dan hdi tuong tng (10 xo lién k&t voi nén,
10 xo lién két gita 1, 2, 3, 10 xo lién k&t u va dip va do cing tay bién). Do cing gia
thi€t la tuyén tinh.

b, b,. b, - ¢ s8 giam chan cGa bétdong va cla cac phin tir dan héi vira néu:

m,e - moémen tinh ctia cac phan tir kich dong;

e, - ban kinh quay tay bién;

® - vdn tdc géc ciia phan it kich dong,

P - luc cing ban diu cia 1o xo;

Truc toa dd x, va x, hudng 1én nhur hinh vé trong d6 gdc toa do x, tinh tir trang thai
cén bing tinh, con x, tr vi tri chua bi€n dang.

& - khoang cach gitra 2 bé mat va dap.
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Ta c6 bién dang trong hé toa dd tuyét doi cda 1o xo C, 12 x, - X, va bién dang cia
phan tir dan hoi va dip sé la x, — x;— 6.

Tir cac ki hiéu trén ta ¢6 phuong trinh miéu ta chuyén dong cda hé & hinh 9.11b nhu
sau I7[:

-Khi x5 -x;, >9
ml.%, + C.(x; — x5) + bn.')'cl +C..xy = m ew’.cosmt + m,.g + P} (9.54)
ms.X; + C(X, — X)) + bXxo=—mr.g — P
- Khi x> - x;, < 8
m,.‘x‘] +Cr(x) — %) + Cou(X) = X5+ 8} + bo.)'(l +
+ b?:(:;a1 — X,) + C,.X| = M,e.0°.cosot + my.g + P (9.55)
my.X> + C(X — X)) + CoX, =X, — 0) +
+bXy+by(xs-X,) = —mypg—P
Phuong trinh miéu ta chuyén ddng ung véi mo hinh 9.11a nhu sau:
khi x, - x;, > 6
my.X; + (C, + C3) . (%) — X5) + Co.X; + bo.X; = C3¢,.c0801 + mo.g
My.Xs + (C + C3) . (%2 — X)) + b.xy = —Cyeg.co801 — my.g } ©9.56)
khix,-x, £8
m, X, + (C; + C3) . (X) — Xa) + Cau(X, — X, + 8) +
+ba(X; — X3) + CX; + boX; = Cq.eg.COSOL + My.g ©57)

+bsXs = Xpy + bXy = —Cq.e,co80t — my.g

9.5.4. Vidu

Cho dAm nhay nhu & hinh 9.12 chiu kich dong lech tam hay xac dinh mién thong s&
hop i cha né. Gia thi€t nén dat la déo.

Trong qua trinh Jam viéc ddm thurc hién hai pha chuyén dong chinh la nhdy khoéi nén
dat va ti€p xic vai nén. Gid sir sau mdi vong quay cda truc léch tam ddm thuc hién
mot 1an nhdy vd mot lan tiép dat.

Qua trinh tiép dit chinh 1a qud trinh

truyén dong ning d¢ dim chat dat

5 . . > lmu im, et
Dé thiét lap phuong trinh chuyén “ TM z
dong, ta xudt phat wr thai diém ddm s L
tach khéi dit. Ap dung phuong trinh x
Lagrange loai II dé dang tim dugc 77 ¢ T

. ” - a .

phuong trinh miéu td chuyén dong 4
o pha nhﬁ’y nht sau: Hinh 9.12: Ddm Hhﬁv_\'

a) So dé: b) Mo hinh tinh
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mx — myr.o’sinot+mg = 0 (9.58)

3.
. myr.osinot
X = S -

hay: (9.59)

m

Gia thi€t ring tai thoi diém t, dAm ngang dang tiép dat va chudn bi nhdy khi d6 ddm
chi nhdy duoc khi X > 0 va ti€p tuc tang (x > 0). Tir (9.54) dé dang tim duoc thoi diém
nhiy t, khi X = 0

t, = 1 a.r.csin—&g—,’ (9.60)
o m,.r.m”
Do t, > 0 nén sinot, > 0, suy ra ot,e(0 + n/2) hay toe(o 5%)
Tu diéu kieén ddu x(t,) = x (t,) = 0 suy ra:
. IO
X = e (cosmt, — cosmt) — g(t — t,) (9.61)
m
m,
va X = —°r[ sinwt, — sin®dt + ot ~t,) cosmto] -1 gt~ t(,)2 (9.62)
m 2

Gi3 st dam ti€p tai thoi diém t,, khi d6 tir didu kién x = 0, d&€ dang tim duoc t,
tr (9.62). -
Thay g tir (9.60) vao (9.62) ta co:

) . | .
sinmt, ~ sinot, + a(t; — t,)coswt, ~ Emz(t1 - t)sinot, = 0 (9.63)

Vé mat li thuyét c6 thé xdy ra hai truong hop sau:

Thiz nhdt: Do c6 bign dang cia dat dim khong nhdy tic thi sau khi cham dat, khi dé:
ot —ot, = o, —t) < 27

Thit hai: DAm nhdy ngay sau khi cham dit. Khi do ta cé:

ot —ot, = ot -t,) = 2« (9.64)
. _
L.0” 1
bat: K = o = = (9.65)
m.g sinowt,

va giai phuong trinh (9.63) theo phuong phép sé cho trudng hop mot ta ¢ két qua sau
{bang 9.4).

Bang 9.4. K&t qua giai cho truéng hop thi nhat

ot, 0.3082 0,4 0,6 0.8 1,0 1,2 1,4 n/2
ot 6,5914 | 5,8715 | 4,8295 | 4,0318 | 3,3380 | 2,6973 | 2,0845 /2

ot -t)| 21-0 | 54715 | 4,2225 | 32318 | 23380 | 1,4973 | 2,6845 0
K 3,2969 | 2.5679 | 1,7710 | 1,3940 | 1,1884 | 1,0729 | 1,0148 1
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Trong dang chuyén dong thi hai do gia tri X > 0 nén:

1 .
t>-— arcsm—mg—, (9.66)
m,ro”
va tai t, van cé x(t)) = 0.
Xuat phét tr (9.62) va gidi phuong trinh ta c6:
' ) coswt,
sinot, =
n
1
hay : tgot, = - (9.67)
Chi y dén (9.62) ta c6:
1
ot, = arctg; = 0,3082 (9.68)
1
Va K=——=—" (9.69)
sinot,  cosot,
Bang 9.5. K&t qua tinh todn cho dang chuyén dong thit hai
wt, 0,3082 0,4 0,6 0,8 1,0 1,2 1,4 n/2
wt, 6,5914 | 6,6832 | 6,8832 | 7,0832 | 7,2832 | 7,7832 | 7.6832 5ni2
ot -t) | 2p 2n 2n 21 on 2n 2n 2n
K 3,2969 3,4108 3,80064 | 4,5092 | 5,8145 8,6699 | 18,4835 tea)

Chu y rang voi dang chuyén dong thir hai, bén canh vigéc gidi phuong trinh (9.63)
con phéi chu y dén tinh &n dinh chuyén dong. Theo 16, chuyén dong 6n dinh khi
K <£3,7242.

Mait khac né€u xét hi¢u qua dam chit theo dong nang T khi ddm cham dat, ta cé:

S PRy 2,1
T 5 m[x(t,)} /(o | (9.70)

To . L g2 IK(cosot, — cosmt;) — oft, — to)]2
m 4

Theo 16/, hop li hon c& nén lay gid tri K trong khoang 3,3.

Nhdn xét:

- Vi du trén xudt phat tir gid thi€t chua phan anh chinh xdc qua trinh lam viéc thuc
t€ do do k&t qua tinh todn dat dugc ciing chi gidi han trong pham vi gid thiét, tuy nhién
da cho phép dinh huéng chon hé s6 K, néi khac di cho phép chon so bd cic théng so
cda thi€t bi nhuy mdmen tinh m,r, tdn s6 kich dong o, khdi Iugng thiét bi m. Gia tri K
< 3,7242 va nén chon K = 3,3.

- D€ dadm bao hiéu qud dim va tranh t6i da tdi trong dong tic dung 1&n thiét bi, sau
khi c6 K nén chon gia tri @ nhd nhit ¢6 thé dugc va mdémen tinh m,r 16n nhat ¢ thé
dugc. T4t nhién viec chon tin s§ va mdmen tinh nhu da néu trén con phy thudc nhidu
va0 yéu cau ciia cong nghé.

Hay: (9.71)
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Chuong 10
MONG MAY

§10.1. KHAI NIEM CHUNG

10.1.1, Cau tao

Khi iam viéc mdy thuong dat trén méng may ho#c trén dém dan héi vi vay viéc tinh
toan, thi€t k€ moéng may 12 khong thé thi€u dugc trudc khi 1dp dat may.

C6 nhiédu dang cau tao mong may khic nhau, song hay gip hon ca la cac loai méng
khoi, méng khung va méng coc.

Médng khoi la mot khoi vat thé lien tyc (thudng tir bé tong hoic bé tong cdt thép)
phdn 1én ¢é dang hinh hop cé kich thudc va cdu tao phi hop dé lip diat may va cac
thiét bj kém theo. Ddc di€ém chung clia méng khdi 1a ¢é do cung rat lon so voi nén va
vi vay khi tinh toan dong lyc hoc ¢6 thé xem né nhu vat rin tuyét d6i. Mong khdi dugc
dung phd bi€n cho céc loai c¢ong cy, may nghién sang, tram tron... Hinh 10.1 mo ta
méng khoi ding cho may nén khi ¢é nang suit Q = 35m*/gio.

Khic véi méng khoi, méng khung gdm cac dim doc va ngang cing vdi nhau tao
thanh khung khong gian phia dudi gdn cing véi ban day (hinh 10.2). Mdng khung 1a

I-TI

EE
11
Fle ++ =ty 8
IT + + 4 i TI
=
1
- 7w ]
Hinh 10.2: So dé két cdu mong
khung mdy nén khi
Hinh 10.1: Mong khoi d&njg cho I. May nén; 2. Co cdu truvén déng:
may nén khi cé Q = 35m/gic 3. Dong co; 4. B phdn lam madt.
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hé khong gian do vay kha ning chiu tai tot hon méng khdi, £t
song k&t cdu va tinh todn phiic tap hon nhiéu. Mong khung f

duge dung chil y&u cho viéc ldp dat cac mdy c6 s vong m
quay lén nhu cac tuabin phét dién, may bu déng bo...

So v&i mong khéi va méng khung, méng coc (hinh 10.3) et P L
it dugc ding khi 1dp dat may. NG chii y&u duge ding khi SR R e
diéu kién dia chat va khong gian 1dp ddt may khong cho
phép sir dung hai loai méng trén.

. L Hinh 10.3: S0 dé méng coc

10.1.2. Cac yéu ciau co ban khi thiét k€ méng mady

Khi thi€t k& va thi cong méng may phai thda man dugc cdc yéu ciu co ban sau:

- DaAm bdo bén, 6n dinh, tin cay.

- Do bién dang, d0 lin ndm trong pham vi cho phép khong gay anh hudng dén su
lam viéc binh thuong ciia may.

- Khong cho phép gay ra nhirng rung ddng lam anh hudng d&€n hoat ddng binh thudong
cda may, anh hudng d€n ngudi van hanh, d&€n cdc may lan can va cac cong trinh
kién tric.

Thuc chat hai yéu cau dau la cic yéu ciu chung cho tat ca cac loai méng chju tai
tinh. Riéng v&i mdéng may, hai yéu ciu néu trén thudng rit dé dip tung vi mot mat trong
lugng mdy va momen thudong khong Ion nén dp luc tinh tic dong lén nén kha nhd.
(thuong tir 0,2 - 0,6 bar), mit khac kich thudc mit bing nhd, chiéu cao khong 16n nén
kha ning lun khong déu it x4y ra. Do vay dé déap ting hai nhu ciu diu, viéc tinh toan
mong mdy ¢6 thé &p dung theo céc tieu chudn tinh trong xay dung cé k€ dén tai trong
dong luc phat sinh khi may lam viec I111. »

Pw < m.m;.R (10.1)

Trong dé:

Pw - 4p luc tinh trung binh trén nén do may va méng may giy ra;

m - hé s6 k€ dé€n anh hudng cla tai trong dong, d&n dic diém lam viéc cla mdy;

my - hé s6 k& d&n kha ning chiu tai trong dong lau dai clia nén,

R - dp luc tinh todn cho phép khi tinh todn méng theo 1111, gia tri m, m; phu thudc
vao dic diém lam viéc cla may va dugc 14y nhu sau: m = (0,8 - 1,0) v6i méng chiu tdi
trong theo chu ki; m = 0,5 véi mong chiu tai va dap; m, = (0,7 - 1,0) tay theo nén dit.

Viéc tinh todn moéng may nhdm théa man yéu cav thir 3 v thuc chat 1a tinh toan
dao dong méng may nhdm xac dinh bién dd dao ddng A, cla nd nhd hon gia tri
quy dinh:

A, £1A) (10.2)

Gia tri [A] phu thudc vao dang, dic trung tan s6 cia luc kich dong, loai may...

Theo {111 gia tri [A] cho mot so loai may c6 thé 13y nhu sau (biang 10.1)
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Bang 10.1. Gia tri [A] cho mét sé loai mong may

Dic diém [Almm

May c6 chuyén dong quay (v/phut): )

n < 500 0,20

n = 500 = 750 0,15

n =750 + 1000 0,10
Mdy ¢o co cdu tay quay con trugt (*):

n > 600 0.1

n = 600 + 400 0.1 + 0,15

n =400 + 200 0.15 + 0,25

n < 200 0.25
May btia 1.2
Mdng may cta ban khudn dic 0.5
* Chi ldy cho dang diéu hoa thir nhat

Gia tri [A] néu trén chi moi xét thudn tuy dén diu kién ki thuat ma chua xét dén
anh hudng cia dao dong dén sirc khoé cia ngudi vin hanh, vi vay véi cdc may yéu ciu
cong nhan thuong xuyén phai ding trén méng mdy dé thao tac thi gia tri bién do6 A con
phai ndm trong gia tri gidi han cda bién do6 dugce quy dinh trong tiéu chudn vé an toan
lao dong.

Gia tri nay ¢6 thé tham khio trong bang 10.2.

Bing 10.2. Gia tri bién d6é dao déng
cho phép tai ché lam viéc ciia ngwéi van hanh

Tén s6 dao dong Gid tri bién do dao dong Gid tri binh phuong trung binh
(HZ) cho phép (mm) cta té¢ dod dao dong (mm/s)
Tir 1.4 dén 2,8 3.14 = 0,61 11,2
Tir 2,8 + 5,6 0.61 = 0.13 3,0
Tir 5,6 + 11,2 0,041 2,0
Tir11,2 +22,4 0,041 = 0,020 2,0
T 224 +450 0.0206 + 0,0102 2.0
Tir 45,0 + 90,0 0,0102 + 0,005 2.0

Gid tri cho trong bang 10.2 ¢6 thé 1ay tang 1én d&n 3 lin khi thdi gian i€p xlc vai
dao dong clGa ngudi van hanh may nhd hon 15% thoi gian cho mot ca.

§10.2. CAC DANG KICH BONG KHI TINH DAO DONG MONG MAY

Khi mdy lam viéc, ngoai tai trong tinh, méng may con chiu tai trong ddng do lyc
guan tinh cia may sinh ra. Tai trong ddng tic dong lén mong duoc phan thanh hai nhém
chinh: tai trong ¢6 chu ki va khong c¢é chu ki.
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Nhém tai trong diu xudt hien & cidc may hodc thiét bi ¢6 dang chuyén dong quay
déu nhr may dién, tuabin, may tién..., cic may quay déu déng thoi ¢6 chuyén dong qua
lai nhur may nén khi, dong co dét trong.

Nhém tai trong thit hai xudt hién khi cac may cé chuyén dong quay khong déu hoic
va dap khong déu khi iam viéc nhu bia mady, thiét bj can kim loai, may nghién...

Hinh 10.4. Trinh bay dé thj dang tai trong dong tic dung lén méng may.

a P
ANVANVAWN
0
b 4°
Hinh 10.4: D6 thi dang tdi trong .
tac dong lén mong 7]

a) Mdy cé réto quay déu;
b) Co cdu tay quay con trugt;

o b
c) Mdy dap; d) Mdy cdn; [\ ﬂ [\ !
0 >
|

e) Mdy phdt dign cé cong sudt
I3 4
g o7

gidn dogn.
§10.3. TINH TOAN DAO BPONG MONG MAY

10.3.1. Kh4i niém

Muc dich tinh dao dong méng may 1d ddm bao su lam viéc binh thudng clia may va
gidm lyc tinh va dong tac dung 1én nén dat, dic biét tranh hién twgng cdng hudng khi
tdn s kich dong bing tdn s6 dao dong riéng clia mong.

Can phan biét cach rung chi dong, cich rung bi dong khi tinh toan méng may.

Céch rung chi dong la tim cac giai phap ki thuat dé han ché tai trong dong luc truyén
xudng nén dat khi may lam viéc.

Khic véi cach rung chd dong, cach rung bi dong 1a tim cac giai phap ki thuat dé
han ch€ sy &nh hudng clia rung dong do mdiy giy ra d&€n cic may lan can khdc hoic
cong trinh x4y dung.

Nhur vay viéc tinh toan dao ddng mdéng may chinh ]& viéc tinh todn dao dong cia
mot he co hoc ¢é sd bac ty do phu thudc vao md hinh thi€t lap, trong dé cdc phan
khai lugng 13 cac phdn tlr khoi lugng clia mdy va méng may, cdc phan tir dan hoi dic
trung cho nén dit, cac phan t kich dong hoac Ia kich dong luc (c6 hodc khong ¢6 chu
ki) hoac la kich ddng ddng hoc.

Do han ch& vé thoi lugng, dudi day chi trinh bdy nhing nét co ban khi tinh dao dong
mong khai.
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10.3.2. Cdc mé hinh thwong gip khi tinh todn méng khéi

a) Cdc hinh thiec ddt méng khoi

Tuy theo tinh niing, ki thuét k&t cfu ciia may, méng khdi co nhiéu dang khac nhau,
song xét theo phuong thuc ti€p xuc véi nén, méng khdi ¢6 thé dat tryc ti€p trén nén
d4t ho#ic san (hinh 10.5a, b) hoic méng dit tryc ti€p trén dém dan héi ma khong cdn
mong may (hinh 10.5c¢).

i | !
/f
] 2
. 2// 7':7'
y 4 7
/] 3 A
Ve Frise vy el
e T

e ¢l

Hinh 10.5: Cdc hinh thiec dar mong khéi
a) gt triec 1iép trén nén dar; b) Ddt trén san; ¢) Mdy dat trén dém dan héi.
1. Mdy; 2. Mong, 3. San; 4. Dé¢m dan héi.

Nhu vay néu ké d€n sur dan hdi gidm chén ciia nén dat hodc san, ddm thi di & nhém
nao méng va may ldp dit trén né khi chiu lyc kich dong déu tré thanh mot hé dao dong
co hogc.

b) Méng chiu luc kich dong cé chu ki
Trong trudng hgp téng quét he dao dong gém cac phin tr méng va may 14p trén nd;
phdn tir dan héi, gidm chén clia d4t (hosic dém dan hdi) 1a h¢ dao ddong khong gian c6

6 bac ty do (hinh 10.6) hodc néu chi xét dao ddong trong mit phidng XOY thi hé ¢é ba
bac tir do (hinh 7.2b).

7/ M////// % ¥ 7/9?5 1 4% 5
. Y ////// \f(N_E ////////A ’V\C;\r-E

//////f/////////////// //////// 4

Hinh 10.6: M6 hinh h¢ dao dong co hoc mong mdy véi 6 bac tu do
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Viéc chon mé hinh khi tinh toan mong may tuy thudc vao diéu kién lam viec, vi tri
14p dit cda mdy, nhu cdu v& chdng rung cho cac médy va cong trinh lan can, trang thai
nén dat...

Tuy nhién khi tinh toan méng mdy theo dao dong, bién do dao dong, van toc va gia
tdc dao dong theo phueng thing dimg ¢6 4nh hudng Ion dé€n sy lam viéc clia may, dén
tai trong dong truyén xudng san, ddm hodc nén dat dudi méng, vi vay khi tinh toan dao
ddng h¢ méng - may chiu tadc dong ¢é chu ki thudng diing hé mot bac tw do (bang 10.3).

Bing 10.3. M6 hinh t6i thiéu khi tinh méng chiu kich dong diéu hoa

Cach run . Dit wryc bat true bat trén dém
& Mo hinh ti&p trén nén | tiép trén san dan héi
? fw Khai lugng | Khoi legng Khoi ligng
Chi Xl o mdéng va | mdy vi mot | cda may va
dong % may phan cta san maéng
¢ b
e
Phuong Gidm chin | Giam chin | Giam chan
phap b | cia nén cila san ciia dém
cich
rung o
"y
Bi ber )
dong bo cimg . | Do cing bod cing ciia
b c | o i .
¢ g "]J cua nén dat { ciia san dem dan héi
St
L 1
. - coe Ap lyc dong
Cac dai | J .
¢ dai lugng cidn quan tam Pho cia x, x, x e 1an nén dat

10.3.3. Phuong phdp cich rung
a) Cdch rung chii déng

Nhur da biét trong chuong 7, phuong trinh miéu t3 chuyén dong c6 dang:
Khi la kich dong luc:

mx +bx + c.x = F(t) (10.3)
Ham F(t) trong (10.3) thudng c¢é hai dang:

F(t) = H.sinot
Hoic F(t) = mo.ro.coz.sincot (10.4)
Ngﬁi¢m cila phuong trinh (10.3) ¢6 dang:

x = 8 ! _sin(ot - o) (10.5)

C \El - rz)2 + 4mfr2_
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o) b

Vi t zmlr 2 C
gi: o = N O r=—, =
& -1 ° m 0, ' 2mo,
Né&u goi lue dong luc tac dung 18n nén dat 1a F, ta c6:
| (10.6)

Fd =C.X + b.i
Xac dinh x bing cich dao ham (10.5) va thay vao (10.6) gia tri x, x sau khi bi€n déi

ta ca:
F, = H\/ LR Gin(ot+y - a) (10.7)
Véi y la géc lech pha gita x va x.
Gor:
v, = - 1 — (10.8)
V(1 - )+ 4mir
1+ élmfr2
v, = — (10.9)
(1 - +4m,.r*
Thi bién do dao dong A va F; dugce vi€t nhu sau:
A= %.Vl(r) (10.10)
Fg = H.V,(r) (10.11)

Cong thic (10.10), (10.11) sir dyng khi H = const.
Trong truong hop F(t) = m,.r,.,.sinwt hay H i 18 v&i @, mdt cach tuong tu ta

$é ¢co:
1M, Iy
A= V4(0) (10.12)
m
m,.I, _
F, = €. V() (10.13)
m
Vi Vi) = ——— (10.14)
\f(l -1y +4mi.r
, 1+ 41rr1,.r2
V) =17 (10.15)
(1 - +dm.r°

D& thi bi€u dién ham V,, V., V4, V, duoc trinh bdy & hinh 10.7.
T céc_ké’t qua tinh todn néu trén co thé it ra mot s6 nhian xét sau:

1. Khi H = hiing
Xét (10.10) va (10.11), gid tri chia bién do dao dong A va luc dong luc truyén xudng

nén dit phuy thudc nhidu vao do cung cia dit C va gid tri cta V| va V..
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Hinh 10.7: D6 thi biéu dién cdc ham V|, Vs, Vi, V4 phu thudc vao r va m,

Khi dit mdy truc ti€p trén nén 4t (bang 10.2) c6 gid tri m, nhd nén c6 thé bd qua
gidm chén thi tai r = 1 hay ® = 0, s& xdy ra cong hudng, gia tri cia A va F, ting rat
l6n, vi vay phai tinh todn méng may sao cho tan sé riéng cla né khdng tring vdi tin
s6 luc kich dong.

Khi tinh todn mong mday theo dao déng ngudi ta phan ra ba truong hop sau:

Truong hep . Tan sd dao dong riéng cao nhidt clla méng nho hon tan s6 luc kich
dong max (®,) < min (®) hay r >> 1. '

Truomg hop 2: Tin s8 dao dong rieng clia méng Idn hon tin s& luc kich dong (o, >
o) hay r << 1. -

Truomg hop 3. Phd cia tdn s6 dao dong rieng va tin s¢ kich dong c¢6 phin triung
nhau song khong gay ra cdng hudng.
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V§i quan niém trén khi méng may dat tryc ti€p trén nén thi vi¢c tinh todn dao dong
cda né chi 4p dung cho trudng hop 1 va trudng hop 2.

Pé dam bio w, >> ® hay r << | (truong hop 2) c6 thé tang do cung C cla dat va
¢ gdng gidm khdi méng mdy m,,, song C ti 1& thuin vai dién tich ti€p xuc cla day
mong may F,, véi nén dat 111, [11..., nén trong trudng hop néu trén dién tich Fy, doi hoi
khd 1én va phéi duge wvu tién khi tinh chon méng may.

Pé khio sat trudng hop tinh moéng khai dat truc ti€p trén nén khi cé6 © >> o, hay
r >> | (trudng hgp 1) ta viét lai cong thire (10.10) dudi dang sau:

A = CH’ . L - H 1 : (10.16)
I 2 m.o” 2 4my
L 2 @.L l—[ + ]'
\/(rz—l) + \[(rz )+
Ta co:
limA = “‘H—, (10.17)
r—» a0 m.o”

Nhu vay khi da cho thong s& cla may (gié tri luc kich dong H va tin s§ o, bién d¢
dao dong cta mong may phu thudc vao khdi lvong méng va may m néi khac di muén
dam bao A < [A] phai tdng m. Viéc tdng gid tri m mdt mat lam tdng 4p luc tinh trén
nén hoic san, dim dit mdy, mat khdc ting chi phi méng may. Chinh vi vay ngudi ta
tim céch tach rieng phin chiu lyc va phin dan héi bing cach dit thém dém dan héi
giita méng va nén.

Khi ldp theém dém dan hdi phai tinh d&n gia tri luc tic dung 1&én nén. T hinh (10.7)
ta thay gia tri F4 gidm khi gia tri gidm chdn nhd, do vay theo |11 nén dung phan tf dan
héi 1a 1o xo try, va gid tri r = 3.

2. Khi H = m,.r,0°.

Tir 46 thi hinh (10.7) thdy r6 ring gia tri bién do dao dong cla méng A nhd khi

. 2 . a a4k .
Vi=1hay khir < -2_z0,7 néu mdy lam viéc & ch€ dd cé w < @, va r > 3 néu mdy

lam viéce & ch& do cé © > w,, vi vdy khi tinh dao ddng méng may nén chon 0 <r <= 0,7
va r > 3 tiy theo ch€ do lam viéc cia may.

b) Cdch rung bi déng

Phuong trinh miéu td chuyén dong khi cach rung bi dong c6 dang sau:

mx +b.(x-S8)+C{x—-S) =0 (10.18)

Néu S = §,.sinwt (10.19)

Ta c6: X +2b.X + @,.X = 2b X.0.cosot + S, sinwmt (10.20)
Rut gon v& phai:

X+2bx +@,x = S,. Vo' (2bw)’ . sin(wt + ) (10.21)
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Hay:
Voru

X +2bx+ 0,

Q, = S, Vi + (2b.o)

X = Q,.sinmt

(10.22)
(10.23)

Dang nghiém cia (10.22) c6 dang (10.5).
Do dac diém ciia gido trinh, viéc tinh todn méng mdy trong truong hop cich rung bi
dong khong néu chi tiét & day ngudi doc ¢ thé xem trong céc tai lieu tham khao vi du

(11, 121, 161, I111.

10.3.4. Méng chiu kich dong va dap

a) Khdai niém

Kich dong va dap x4y ra d6i vdi méng
khi may lam viéc theo nguyén tic va dip
nhu mdy buia, may rén rdp, mdy tao khudn
diic.... Dudi day chi trinh biy co s& tinh
toan dao ddng cua mong bua mady, loai
may dién hinh cho cdc mdy lam viéc theo
nguyén li va dap. Khi lam viéc bua may
dugce dit trén moéng va cadc dém dan hdi va
thuong theo so dé trinh bay & hinh 10.8.

Khoi lugng ciia ddu bia m,, clia de va
vat rén m,, nhu di bi€t duge chon theo yéu
cdu clda cong nghé va thuong m; > m, (vi
du m, = 20m,), khdi lurgng ciia méng m,
dwoc chon sao cho ting sudt dong luc tac
dong Ién nén va do lin ndm trong pham vi
cho phép, ddm bao sy lam viéc binh
thudng ciia may. Gia tri m, thudng 1én hon
nhiéu }an gia tri m,,.

b) Mé hinh tinh todn djng liec

VA

Hinh 10.8: So dd ldp ddt bia mdy 1rén méng
1. Pdu biia; 2,3. Pe va var rén; 4. Than bia;
5. Bém dan héi; 6. Mong khoi; 7. Pém dan héi;
Sa Ss = trong tam ciia dién tich ddy méng

: va clia toan hé

Tay theo két cdu va phuong thic 1dp diat mong may, so d6 tinh toan dong lyc duge
chon ¢ thé khiac nhau, song thwong st dung so d6 1dp dit dugc néu & hinh 10.9 va
theo né so d8 tinh todn ddng luc hoc 1a hé ¢é hai bac wr do. '

Nhu da biét trong chuong 7. néu bd qua gid tri m, vi qua nhoé so véi m, va m, thi
phtrong trinh miéu ti chuyén dong ca h¢ trude va sav khi va dap c6 dang:

ln];(‘] + C|(X1 - X:._) = 0

mziz—cl.(xl —x?_)+Cg.X3 =0

Cac diéu kién ddu duoc dat ra nhu sau:

Khi: t=0c6x,=0;
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Trong d6 gia tri van t6c ddu u duge xdc dinh theo dinh }i bién thién dong lugng doi
v&i vat co khoi lugng 1a my va m;.
Ta co: My.Uyg + MUy = My Uy + My.U, (10.25)
Vi:
Ujo; Upy - van tdc ngay trude khi va cham
u,, U; - van tdc ngay sau khi va cham.
Heé s& khoi phuc k sau khi va cham dugc tinh theo:
u, — U
k= —— (10.26)
Ujg— Uy,
Gia tri k phu thudc vao dic diém cong nghé va tinh chat cda vat lieu va thudng cho
truoc, theo 111 ta cé:
k=0,2 chorén néng
k=05 cho rén ngudi
k=08 cho viéc rén rdp nang.
Tir didu kién ban diu (10.25) va (10.26) ta ¢6 thé tinh dugce v, vi du vdi bia roi ty
dotait=0c¢cédu; =0;u,y = \/Egh va u, = u, voi:

Y= (1 +k).ujp.m,

(10.27)
m, + mo
43'-1 . EP*’ m.
. ! b

[ 2 5 .
] 3 7 Xy Cy
g M
¢ 3 Xz Co

5 9 %

AT

al 1)) ¢/

Hinh 10.9: So dé ldp ddr va tinh todn méng biia
a) Mdng ddt trén dém dan héi; b) Mong ddt truc tiép trén nén; c) So dd tinh todn.
1. Pdu bua; 2. Pe va mong; 4. Tuimg bao mong; 3, 5, 7. Bém dan héi;
6. De; 8 Mong: 9. Nén ddt ciing. C|, Ca— d6 cing dém.

Nhu vay dé xdc dinh thdng s8 cla mong phai tim va khao st nghiém cda phuong
trinh (10.24) thda man diéu kién ddu d4 cho. V& nguyeén tdc, viéc gidi hé (10.24) da
dugc néu trong §7.5 nén khong trinh bay & day, trong truedng hop cin tinh todn cy thé
hon c6 thé xem trong 11, 191, 1111

§10.4. THIET KE MONG KHOI

16.4.1. Cin cir thiét k&

Dé dam bio mong thdéa man duge yéu cdu dit ra, cac tu lieu dudi day thuomg dugce
cho trude va 12 cin cit khi thigt ké.
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- Tinh ning ki thuat, dic diém lam viéc, yéu cdu cong nghé clia may.

- Pidc diém cla nén dat hodc cong trinh dudi mong.

- Vi tri, khong gian ldp dat may twong quan gitta mdy vdi cong trinh ki€n tric hodc
cac may lan cén.

- Cac yéu ciu vé vé sinh cong nghiép dic biét 1a phong chéng rung cho ngudi
van hanh. '

- Céac yéu ciu khac (néu c6) nhu kha ning dé 1dp ghép clia méng, dé van chuyén
(n€u 12 moéng lap ghép).

- Kha nidng vé von.

Céc tu liéu néu trén dugce cho bdi nha ché tao va ngudi sir dung. Trong truéng hop
khong ¢6 du s& liéu thi bude ngudi thiét k& phai tinh todn, dac biét 1a phai xac dinh
duge ddy du cdc luc tac dung lén méng va luc tiac dung tai cac bu long nén (bu
16ng neo).

- Vat lieu dang 1am méng mdy chii y&u la bé tong ¢6 cdt thép hoac khong cé cdt thép.

- Yéu cdu chong rung cho cong trinh ki€n tric.

C6 nhiéu phuong thire lién ket gitra bu 1ong neo véi méng va mdy (hinh 10.10) nhu
lign két tryc ti€p bu 16ng véi mdng (hinh 10.10a, b), lién k&t nhd cic dng thép (hinh
10.10c, d, e). Tuy theo chit lugng bé tong (c6 mac tir 150 - 300) chiéu dai bu long thay
ddi. Khi lien ket tryc ti€p, chidu dai phdn bu lang niim trong bé tong: I = (20 - 30)d
néu 1 bu long khong mée, [ = (15 - 20)d néu 1a bu léng c¢6 moc véi d 1a dudng kinh
bu long; khi lién k&t nho cac 6ng thép, chidu dai bu long 7 = (10 - 15)d.

Hinh 10.16: Cdc phiong rthitc lién két bu Iong
a, b: Truc tiép; ¢, d, e: Lién két nher 6ng thép.
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Viéc thiét k& méng thudng dugc tién hanh theo cac budc sau:
- Chon so bd kich thudce hinh hoe, kh&i lugng clia méng.

- X4c dinh cdc thong sd cta mo hinh dong lyc hoc mong - may va tinh todn dao
dong mong - may.

10.4.2. Chon so b kich thwoe hinh hoc va khéi lugng
a) Khdi niém

Kich thudce hinh hoc cia méng phy thudce vao nhiéu yéu td va chi duge xac dinh
chinh xdc sau khi d4 tinh todn theo tai tinh va tai ddng, tuy nhién kich thudc cia méng
trude hét phai théda man dugc didu kién ldp dat gitta mdéng va may nhu dién tich dé
mdy, vi tri, kich thude, chiéu sau bu long nén, cic phin chim cia may dudi mit [dp
ghép..., vi vy trudc khi tinh todn méng mdy phai chon so bé cac kich thude théa man
diéu kien 1dp dat.

Cac kich thude va thong so thudong dugc chon trude 1a chiéu sau méng mday, dién
tich ti€p xuc theo phuong vudng goc clia mong vaéi nén, khoi lugng méng may.

b} Chon chiéu sau mong mdy

Nhu da thay & §10.3 tin 6 dao dong riéng, bién do dao dong, dp lyc tinh va dong
tic dung lén nén dat chiu dnh hudng rat nhé cda chiéu sau dit méng may, hon nira khi
chiéu sdu chon lip moéng cang idn thi gid thanh thi cong cang cao do vay khi thiét k&
mong nén chon kich thudc chiéu sau 161 thidu ¢d thé duge. Chiéu sau clia mong may
phu thudc chd y&u vio cic yéu to sau:

- Kich thudc va phuong thice chon bu 1dng nén;

- Phan réng can thi€t dé 1dp dit cidc cum thigt bi ndm dudi mat ti€p xic gira méng
va mdy ma chi ¢6 thé xac dinh bing thuc nghiem.

Theo 112 he s6 d0 cing clia dit theo phuong thing dimg C, dugc xdc dinh nhur sau:

E
K VA (10.28)

G =

Trong do:

E - mddun dan hdi dong luc; N/m’

A - dién tich ti€p xuc; (_m:)

k - hé s¢ dic trung cho hinh dang ti€p xiic; khi tinh so b k = 0,4.
He s& do cung theo hai phuong ¢on lai x, y duge tinh nhur sau:

C,=¢C, = %.C,_ cho dat dang hat.

C, =C, = %C cho dat dinh.
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Gia tri mo dun dan héi dong luc cho & bang 10.4.

Bing 10.4. M6 dun dan hdi dong lyc ciia mot s loai dat

Loai dat E(N/m?)
bdt dang hat:
Cat toi (15 =+ 30).10°
Cat chit vira (20 + 50).10°
$61 dam (30 + 80).10’
D4t tv nhign (30 + 80).10
Déar dinh: ,
Sét ciing (10 = 50).10
Sét mém 4+ 15).10°
Miin (3 + 10).10°
Muin nhio 1+ 3).10

Sau khi xdc dinh chinh xac kh6i lugng méng may nhd tinh todn ddng luc cda hé
méng may - nén sé cin ctt vio didu kién ldp dat may dé chon chinh xéc kich thudc
hinh hoc ¢fia méng nhu d¢a néu & muc 10.2.2 va 10.2.3.

Cin cit chd y&€u cho viéc chon khéi lugng méng mdy la déc trung cia ham kich dong.
Theo 111, 1111 khoi lugng méng mdy c6 thé chon theo kinh nghiém nhur sau:

- V& mdy chiu luc kich dong ¢6 chu ki:

m; = (5 — 10).m- khi n < 300v/ph
m, = (10 - 20).m, khi n > 1000v/ph.
Trong d6: m, - khdi lugng cia may;
n - s& vong quay cta khau din.
- V&1 may chiu luce kich ddong va dap:
m, > 60m; hoac m, = 2,4V>.m;
Trong d6: m4 - khoi lugng ddu bia;
V - van t6c¢ bua trudce khi va cham.

c) Hé s6 cung cua nén datr

Tuy theo ciach dit méng phin tir dan hdi cta hé dao dong mong may c6 thé 1a cac
16 xo try, cac dém cao su, san, dam coéng trinh va nén dit. Viéc tinh todn hé s6 do cung
cua 1o xo, cao su da duge néu trong chuong 6. By cing clia coOng trinh phu thudc vao
két cau nén, duoi day chi trinh by dai cuong vé xdc dinh he s& do cung cda nén dat.
Khac véi cac vat ligu kim loai, hé s8 do cung cla dit phu thudc vao rat nhidu yéu tg
nhu loai dat, dic trung co i c¢ha né (40 hat, do 4m, 46 réng...), dic trung tic dong va
thoi gian tic dong cha tai trong; phuong thic tic dong... nén khong cé biéu thic chinh
xac dé xac dinh hé s6 do cing cia ddt (xem 10.4.2).

d) Dién tich ddy mong
Ap luc tic dung lén nén, do cing cia nén d4t va do d6 tin s6 riéng cia hé phu thudc

vao dién tich ddy méng nén khi thi€t k€ mdng khoi dién tich nay chi xac dinh sau khi

342



tinh toan tinh va tinh todn dao dong méng may. Tuy nhién trudce khi tinh toan kiém tra
lai c6 thé chon dién tich ddy mdng dua vio cic dic diém sau:

- Ap luc len nén dat khong duge vuot qua ap luc cho phép, vi du theo |11 ap luc cho
phép voi nén cat 12 o = 20 N/em?; nén dat sét 1a 30 N/cm™; nén dd 1a 60 N/em®,

- Kich thudce d&¢ may, dic bi¢t 12 vi trf, kich thudc, khoang cich cdc bu 16ng neo.

- Trong tam ctia may, méng va d€ méng nim trén cang duong thing dung. D€ mong
thudng ¢é dang hinh ch nhat ma chiéu dai clia né song song vai phuong tic dyng cia
luc quan tinh theo phuong ngang. Khodng cich canh méng gan dén cong trinh xdy dung
khong nhd hon (0.3 + 0.5)m.

g} Khéi heomg méng mdy

Khoi lirgng mong may la thong so rat quan trong ¢d anh hudng 1on dén cdc thong
$0 dong luc hé dao dong mong nhu bién do, van 1dc, gia toc dao dong, lyc dong luc
Fg, tin s0 rigng... (xem 10.5, 10.7, 10.10, 10.13). V& nguyén tdc khi di c6 vt ligu 1am
mong néu biét chiéu cao va di¢n tich ddy mdng ¢é thé tinh duge khai lugng méng. Tuy
nhién khi tinh toin dong luc ¢ thé chon so bd khoi lugng mong in,.

Dé bdo v¢ diu bu long khong tiép xiic tryc 1i€p véi nén trong trudng hop lién ket
truc ti€p, khodng cdch diu bu long neo d€n nén phidi cd gid tri 161 thiéu tor
(1060 = 150ymm (hinh 10.11).

Khi cén 1dp dat cdc cym chi i€t cda mdy dudi mat 1dp dit, chidu ddy 16p ddy phai
lon hon 1/5 1dn kich thude nhé nhat theo mit bing (hinh 10.12). Khi ¢6 cic phén

congxon thi kich thudce cda nd phy thudc vio chit hrong bé tdong va dao dong tir
(0,7 = 1) ldn chiéu cao (hinh 10.13).

= 77
Y

]
= /N/\\
EYL
2 Hinh 10.11: Khodng cdch 16i thiéu
[ ddu bu long neo dén nén.
o
S 2 &
¢
¢
b
Hinh 10.12: Kich thudc
chidu déy day 6 trong Hinh 10.13: Kich thutc phdn céngxon mong
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§10.5. VI DU:

Cho moOt may quay vdi sO vong quay n (v/ph) chiu tic dong cua luc F = Fsinwt.

Hay xac dinh khoi lugng cda mong may sao cho chi cé 5% ciia luc kich dong duge
truyén xudng nén va bién do dao dong khong 1on hon bién d6 dao dong A cida h¢. Bé
qua gidm chén cda nén dat.

Co:
F, = 16.10°N ; n = 600v/ph
F4=005F,; A=Imm

Hé da cho dugc quy v& mo hinh | bang 10.3 chiu kich déng lyc. Khi bd qua gidm
chén ta ¢o (10.5), (10.7):
A= Am'lx = EQ' l >
' C 1-r
1
1-r

(1)

Fd = deax = Fo (2)

D€ gidm F; vdi s6 vong quay n = 600v/ph, ta thiét k€ méng véir > 1 hay © > o,

Chu y d&n goc lech pha gita luc kich dong va chuyén vi nén dau clia Fy mang dau
am, khi do tir (2) co:

o= 1+§ = 14— =g
F, 0,05
Suy ra: r=4,58
Vatr (1) cé:
Fo 1 F
C=-2-—"5=-2005
A |-r A
Thay s0 :
¢ = 16100 605 - 816 nym
1. 107
. 12 2 2 C m
T biéu thuc: ! = %; 2= = : = =
r 2 © = © =
Ta ¢6: W = m. 600 _ 62.8s '
300
c_c./’_2181¢
m=— =1 = = 425.10° kg
0,  © (62,8)
Hay: m = 42500kg
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W= \fg = _§1__1 = 13,75
m 42,5.10

Tan s6 dao dong riéng f, cla hé:

(‘00
f, = 2,18H,

o —ﬂ = .
Tan s& luce kich dong: = o _ 628 10H,
27 2n

Néu cho ban vé d€ may thi tir gid tri cllia m va yéu ciu két cdu ta hoan toan tinh
duoc kich thudc hinh hoc clia méng.

345



TAI LIEU THAM KHAO

1) Holzweizig.
Dresig Lehrbuch der maschinen dynamik.
Fachbuchverlag Leipzig - Kohn, 1996.
2) Nguyén Vian Khang.
Dao Dong ki thudt.
Nha xudt ban Khoa hoc ki thuat, Ha Noi, 1998.
3) M.C Kowapos.
L AHHaMika 1pyI0H0THEMHBIN MAUIIH.
Xapukon, 1962,
4)  Fischer/Stephan, Holzweissrig/Dresig.
Maschinendynamik — Schwingungslehre.
VEB - Fachbuchverlag, 1983.
5)  Fischer/Stephan.
Mechanische Schwingungslehre.
VEB - Fachbuchverlag, 1981.
6) Holz weissig.
Maschinen dynamik Arbeitsbuch.
Fachbuchverlag, 1992.
7)  Dinh Gia Tuong.
Nguyén li may, tdp 1, tdp 2.
Nha xuat ban Khoa hoc ki thuit, Ha Noi, 1995.
8) Dinh Gia Tudng.
Dong luc hoc mdy.
Nha xudt ban Khoa hoc ki thuat, Ha Noi, 1995.

346



9) O.A. Cabunos.
COBPEMEHHBIE KOHCTDYRKUHH QYHIIMEHTOB 1101 MaUHH H DACHET.
Crponuaaar, Jleunnrpa, 1979.
10} A.M. Xo.10108.
OCHOBBI THHA MUK JEM. ICDOHHO - TDAHCHODTHBIA M3 UIHH,
Mawunocrpoenne, Mockna, 1968.
11) Phan Nguyén Pi, Nguyén Van Khang.
Tinh toan duo dong may.
Nha xuit ban Khoa hoc ki thuat, Ha Noi, 1991.
12) B.B.[l.1yBunncknia.
AUHAMIKE 1 pYI0OHOTLEMHDIX MALLIHH
Mairuws, Mocksa, 1968.
13) A, A.Baiicon .
CrpouT1e.ibHble KPaHbl.
Mauwunocrpoenne, Mockna, 1969.
14) C.A. Kazaxk.
AHHIVHKE MOCTOBDIX KPAHTOB.
Mocksa, 1968.
15) T1LE. bo.uryce.
Mera. ieechie KOHCTRYRUHE 1DYI0N0TLEMHDIN MAUIHH H (CODYXKECHHI.
Mauiruz, Mocksa, 1964,
16) B.A.baywan.
ButippatitOnHb1e Matssbl B CTPOHTE ICTBE H HPOHIBOICTBE CTPOHTE. IbHbIX MATEPHA. 108 .
Mockna, 1978.
17} C.T".Cy.aenok, A.A bomenckn.

Meranweckoe  000py.I0BaHHE  HPETHUPHHATHIT  CTPOMTEALHLIX — MATEPHA. 108,
HITE HEH B KORCTPDYKUHA,

Mocksa, 1990,
18) .1..l. Barkan.
Methodes de vibration duns lu construction (traduit par M. Boris Catoire).

Dunoa - Paris, 1968.

347



19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

348

Vi Liém Chinh.
Theoretissche Untersuchung Zum Aobeitsverhalten von Doppelvibrationswalzen.

Dissertation, Magdeburg, 1984.

Vi Liém Chinh, D6 Xuan Dinh, Nguyén Van Hiung, Hoa Van Ngit, Truong Qudc Thanh,

Tran Van Tudn.

S6'tuy midy xdy dimg.

Nha xuat ban Khoa hoc ki thuat, Ha Noi, 2000.
Truong Quoéc Thanh, Pham Quang Diing.

My va thiét bi ndng.

Nha xuat ban Khoa hoc ki thuat, Ha Noi, 1999.
Tran Quang Quy.
Péng luc hoc mdy xdy dung - xép dé.

Trutmg Dai hoc Giao thong, Ha Noi.

Hubert. Wachter/Helmut Kuch.

Zur  Shwingungstechnischen  Berechnung  der  Vibrations  Systems
Betonsteinfertigern Wissenschaftliche Zeichschrift der HfAB.

Weimar, 1986.

Nguyén Van Hing, Pham Quang Ding, Nguyén Thi Mai.

May xdy dung.

Nha xudt ban Khoa hoc ki thuat, Ha Néi, 1998.

Truong Qudc Thanh.

Hucng dan dé dn mén hoc mdy néng.

Truong Pai hoc Xay dung, Ha Néi, 1992.

Nguyén Thi Tam.

Mdy xdy dung.

Trudng Pai hoc Giao thong van tai, Ha Noi, 1997,
A.texcanapos ML

[ py300016EMHbIE MA LML,

Buicitas mko.a, Mocksa, 1973.

Wsanucurko ¢.k.. boubapes B.C., Ko.tecnuk H.IL., bapaGanon B. fl.
Pacaérot 1py 3010 TbEMHLIN H TPAHCHOPTHEY IOIHN M HIHH.

Buinan wko.aa, Kues, 1978.

Vo



29) Pairkos E. W, pysunos E.B.

30}

32)

CHPABOYHIA MO. 101010 MOHTAAHHRA 1D TOB.
Buiman mko.a, Mockna. 1990.

Kurth F., Soheffles M.

Grundlagen der Fordertechnik .

VEB Verlag Technik Berlin, 1987.

Pajes ., Sheffler M., Kielhorn H., Adam G, Kurthe F.

Unstetigfordere 1.

VEB - Verlag Technik, Berlin, 1978.

B. A. baymana, @. A. . lauupa.
Crpoute. tbhnte Mautto! - Clipaso ik,

Mamnocrpoenue, Mocksa, 1977,

349



MUC LUC

L&i néi diu
Chuong 1. KHAI NIEM CHUNG

§1.1. Gigi thieu chung vé mdy xay dung
1.1.1. Y nghia va vai trd cla may xay dung
1.1.2. Phan loai may x4y dung
1.1.3. V& xu th€ phat trién cia may xay dung
§1.2. Cdu tao va yéu cdu chung
1.2.1. C4u tao chung cia mdy xay dung
1.2.2. Yéu cdu chung ddi vdi mdy xay dyng
1.2.3. Cac chi tiéu kinh t€ ki thuat
§1.3. Tai trong trén mdy xay dung
1.3.1. Ch€& dd lam viéc
1.3.2. Cac thanh phin tai trong
1.3.3. Ché& do tii trong tinh todn
§1.4. Vat liéu va cidc phuong phap tinh todn trong mdy x4y dung
1.4.1. Vat ligu thudong diung trong ché tao may xay dung
1.4.2. Phuong phép tinh cédc chi tiét va cum chi ti€t may xiy dung
1.4.3. Phuong phap tinh k€&t ciu kim loai may xay dung
1.4..4. Tinh todn higu sudt trong may xay dung

Chuomg 2. HE THONG DAN PONG TRONG MAY XAY DUNG

§2.1. Khdi niém vé he thong din ddng trong may xdy dung
§2.2. Thi€t bi dong luc trén may xiy dung

2.2.1. Pong co dién

2.2.2. Bong co dot trong
§2.3. Céc he truyén dong dic trung

2.3.1. He truyén dong co khi

2.3.2. Truyén dong thuy lyc thuy tinh

Chwong 3. CAC CHI TIET VA CUM CHI TIET CO CONG DUNG CHUNG
TRONG MAY XAY DUNG

§3.1. Cép thép va truyén dong cip
3.1.1. Cap thép

350

Trang

G0 00 o0 00 Lh Lh UL

10
11
11
13
16
17
17
20
25
28

30
32
32
40
42
42
55

62.
62



3.1.2. Puli va palang cdp
3.1.3. Tang cudn cép
3.1.4. Tang va puli ma sit
§3.2. Xich
3.2.1. Xich han
3.2.2. Xich ban 1&
§3.3. Thiét bi ding va phanh
3.3.1. Thié€t bj dirng
3.3.2. Phanh m4
3.3.3. Phanh dai
3.3.4. Phanh nén va phanh dia
3.3.5. Phanh tr dong
§3.4. Khép noi
3.4.1. Khop noi truc chit
3.4.2. Khdp néi truc bu
3.4.3. Li hop
§3.5. Thiét bj tra quay
3.5.1. Thiét bi tya quay trén cOt
3.5.2. Vong tua quay
§3.6. Banh xe va ray
3.6.1. Cidu tao chung cia bdnh xe, cum banh xe va ray
3.6.2. Tinh todn banh xe va ray

Chuong 4. CAC CO CAU THUONG GAP TREN MAY XAY DUNG

§4.1. Co cau nang
4.1.1. C4u tao
4.1.2. Tinh todn co cdu nang
§4.2. Co cdu di chuyén
4.2.1. Co cdu di chuyén trén ray
4.2.2. Co cdu di chuyén banh 16p trén may xay dung
4.2.3. Co cdu di chuyén banh xich
§4.3. Co cdu quay
4.3.1. Cdu tao chung co ciu quay
4.3.2. Tinh todn co cau quay
§4.4. Co cdu nang ha cén
4.4.1. Cdu tao chung
4.4.2. Tinh todn co ciu nang ha cén

73

81

90

94

94

98
100
101
105
111
118
121
125
126
129
132
135
I35
139
149
149
153

156
156
160
165
165
183
190
196
197
199
208
208
211

351



Chwong 5. THIET B] AN TOAN VA HE THONG PIEU KHIEN TREN MAY

XAY DUNG
§5.1. Thiét bi an toan trén mdy xay dung 222
5.1.1. Thiét bi gidi han hanh trinh 223
5.1.2. Thiét bi gidi han tai trong 229
5.1.3. Thi&t bi chi bdo va tin hi¢u 236
5.1.4. Thi&t bi kep ray 237
§5.2. He thong diéu khién trén may xay dyng 240
5.2.1. He thong diéu khién kiéu tay don 241
5.2.2. He thong diéu khién thuy lyc 242
5.2.3. He thong diéu khién khi nén 246
5.2.4. He thong diéu khién dién 247
5.2.5. He thong diéu khién tw dong 248

Chuong 6. KHAI NIEM CHUNG VE DONG LUC HOC MAY

§6.1. Nhigm vu va phan loai 251
§6.2. Xac dinh thong s8 co ban cha mé hinh tinh todn 252
6.2.1. Khéii niém vé thong s& dong luc 252
6.2.2. Xac dinh bing thuc nghiém thong s vé khai lwong 252
6.2.3. Xdc dinh d¢ cimg clia phan tir dan héi 253
6.2.4. Céc gia thi€t khi tinh toan gid tri gidm chan 258
6.2.5. Khai niém vé phan tr kich dong 259

Chuong 7. DAI CUONG VE DAO DONG CO HQC

§7.1. Khdi ni¢m - phan loai 263
7.1.1. H¢ dao ddng va phan loai 263
7.1.2. Phén loai hé dao ddng theo bac tu do 263
7.1.3. Theo diac diém phuong trinh hogic hé phuong trinh vi phan 264
7.1.4. Theo trang théii he 265

§7.2. Phuong phép thiét lap phuong trinh chuyén dong 266

§7.3. Dao dong tuyé&n tinh hé mot bac ty do 268
7.3.1. Dao dong tyr do khong lyc can 268
7.3.2. Dao dong ty do c6 can nhdt 269
7.3.3. Dao déng cuong birc khong cén 272
7.3.4. Dao dong cuong bic khi ¢6 cin nhot 276

§7.4. Dao ddng cudng birc hé mot bac ty do chiu kich dong khong tudn hoan 279

§7.5. Dao dong tuyé€n tinh hé nhiéu bac ty do 282

352



7.5.1. Khai niém

7.5.2. Dao dong tu do khong can

7.5.3. Dao dong tr do c6 cin

7.5.4. Dao dong cudng bitc hé nhidu bac tr do
§7.6. Khai niem vé dao dong phi tuyén

Chuong 8. PONG LUC HQOC MAY CO KHAU CUNG TUYET POI

§8.1. Khai nie¢m
§8.2. Phuong trinh chuyén dong
8.2.1. Khii nié¢m co bin
8.2.2. Vidu
§8.3. Phuong phap giai phuong trinh chuyén dong
8.3.1. Khai ni¢m
8.3.2. Qua trinh khdi dong hodc phanh
8.3.3. Qua trinh chuyén dong 6n dinh
8.3.4. Vidu

Chuong 9. CAC MO HINH PONG LUC HOC THUONG GAP TRONG MAY
XAY DUNG

§9.1. Khai niém
§9.2. Xic dinh mo hinh nghién ciru
§9.3. Cac dai lugng thu gon va khau thu gon
93.1. Vidu 1
932 Vidy?2
9.3.3. Vidu 3
§9.4. Mo hinh tinh toin d9ng lyc hoc miy ning
9.4.1. Khii nié¢m
9.4.2. Bong luc hoc co ciu nang
9.4.3. Bong luc hoc co cdu quay
9.4.4. Dong luc hoc co cau di chuyén
§9.5. Mo hinh dong lyc hoc mdy ddm rung
9.5.1. Dic diém qua trinh ddm chit va tao hinh
9.5.2. Khdi niém vé mo hinh co hoc cia vat lidu cdn ddm
9.5.3. Mot s8 md hinh tinh toian dong luc ddm rung
954 Vidu

282
282
286
287
289

294
294
294
297
298
298
299
300
300

303
304
305
308
309
312
313
313
314
318
320
321
321
322
324
326

353



Chuong 10. MONG MAY

§10.1. Khai ni¢m chung
10.1.1. C4u tao
10.1.2. C4c yéu cdu co bin khi thi€t k€ méng may
§10.2. Cac dang kich d9ng khi tinh dao dong méng may
§10.3. Tinh todn dao ddng méng méy
10.3.1. Khéi ni¢m
10.3.2. Cac mo hinh thuong gap khi tinh todn méng khéi
10.3.3. Phuong phdp céch rung
10.34. Méng chiu kich dong va dap
§10.4. Thi&t k&€ méng khoi
10.4.1. Ciin cif thit k&
10.4.2. Chon so bo kich thudc hinh hoc va khéi hegng
§10.5. Vi du
Tai liedu tham khéo
Muc luc

354

329
329
330
331
332
332
333
334
338
339
339
341
344
346
350



CO SO THIET KE MAY XAY DUNG

Chiu trdach nhiém xudt bdn :

BUI HOU HANH

Bién tdp :
Ché'bdn :
Bia :

Sita bun in :
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