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Chwong 1: MA SAT trong ky thudt co’ khi

1. GIOI THIEU

Ma sdt 1a mot hién tuong ty nhién phdt sinh & noi ti€p xic gitta cdc khau cé
chuyén dong tuong ddi véi nhau.

Ma sdt gidn lién vdi van dé rat quan trong trong k¥ thuit, do 1a sy hao mon clia
mdy méc, thiét bi va tudi tho ctia chiing.

Thong thudng, ma sat 13 luc can c6 hai vi né 1am tiéu hao cong suat, giam hiéu
sudt ciia may. Cong ctia luc ma sat phan 16n bién thanh nhiét 1am ndng cac chi tiét
may; lam thay d6i co, 1y tinh ciia bé mit tiép xac hodc chat boi tron; 1am mon cac
chi tiét may, do chinh xac giam... Tuy nhién trong nhleu truong hop, no 1a luc can
c6 ich, dugce dung dé truyén dong, vi du trong co céu banh ma sat, co cau dai, may
can... trong cac thiét bi phanh harg, co cau kep chat...

a) Co cdu dai b) Co cdu banh ma sdt ¢) Truyén déng vé cdp
Hinh 1-1: Mét so ung dung o ich cua lyc ma sat
1.1. Phin loai

- Theo tinh chat tiép xiic
+ Ma sat uét (a) - Ma sat kho (b)
+ Ma sdt nia uét - Ma sét ntra kho (¢)

Hinh 1-2: tiép xiic giita 2 bé mat

- Theo tinh chdt chuyé"n dong
+ Ma sdt trugt: xuat hién giira hai mat tiép xtc nhau, trong do van tbc cua
chung tai cac diém tiép xac khac nhau vé gia tri va phuong chiéu.
+ Ma sét lan: XUa}t hién gitta hai mat tiép xuc co chuyén dong tuong dbi vGi
nhau, nhung trong chuyén dong nay, véan toc cua ching tai cac diém tiep xuc bang
nhau.



Hinh 1-3: chuyén dong twong déi giita 2 bé mdt
+ Ngoai ra nguoi ta con phan biét: ma sat tinh - ma sat dong.
1.2. Lwc ma sat trugt kho.
Gia st 2 vit A, B ti€p xiic nhau theo mdt mit phiang (H.1-4).
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a) phan tich lyc b) ma sat dong-ma sat tinh

Hinh 1-4: moé ta ma sat truot
Vat A chiu 1 luc thing ding Q vudng géc mit tiép xdc. Vat B sé tic dong vio
A mdt phan luc N cling phuong ngugc chiéu va ¢6 gid tri bang luc Q.
Téc dong vao A mot lyc P nhd, nim ngang trong mit phing ti€p xic. Tang dan
luc P tir gid tri 0. Lac dau, vat A ding yén, chirng to di co luc tac dung Ién A can
bang véi luc P. Luc d6 goi la lyc ma sat F.
F=-P
Luc F goi la lyc ma sat tinh.
Tang tr tir luc P ta thay vat van dang yén — nghia la F da tang theo dé ludn can
bang vai lyc P .
Tang luc P dén mét gia tri nao do, vat A bat dau chuyén dong. Luc ma sat tinh
ting dén gid tri Foe. o 7
Khi vat A chuyén dong thang deu, vat A chiu tac dong ctia mot luc ma sat dong de
can bang voi luc P. Quan hé giira luc ma sat F va luc P duoc biéu thi trén hinh
1-4b.
Theo Culomb, luyc ma sat duoc tinh theo cong thic:
’ F=a+b.N
Trong @6, hé so a phu thudc vao dién tich tiép xuc.
— F=(a/N+b).N
—F=fN (1-1)



Trong do, h¢ s6 ma sat f = a/N + b la h¢ s6 ma sat tinh khi 2 vat c6 xu huéng
chuyén dong tuong doi véi nhau, 1a hé¢ so ma sat dong khi hai vat c6 chuyén dong
tuong doi.
Goce ma sat tinh va goc ma sat dong dugc Xac dinh theo cong thuec:
tget = Fmax/N = f; tgpa = Fa/N =14
Sau day, dé thuan tién, ta dung ky hiéu F dé chi ca luc ma sat tinh Ian lyc ma st
dong va ky hiéu f dé chi ca hé so ma sat tinh va dong. Chu y:
- Chiéu ctia lyc ma st 13 chiéu chdng lai chuyén dong tuong doi.
- Hé sd ma sit f phu thudc vao vat liéu bé mit ti€p xiic (tron hay nhdm)
va thoi gian ti€p xic.
- Hé s& ma sat khong phu thudc vao dién tich ti€p xtc, 4p sudt trén bé
mit ti€p xiic va van toc tuong ddi gitta hai bé mit tiép xiic.
- Trong da s6 trudng hdp, hé s6 ma sdt tinh 16n hon hé s6 ma st dong.
1.3. Hién tugng ty ham .

Z

(Hinh 1-5). ﬂ/?

Phan tich luc P thanh 2 thanh phan:

Pn = P.sina; P4 = P.cosa..
+ Thanh phan nim ngang P . day vat chuyén dong

ngang.

+ Thanh phan thang ding P 4 ép 2 vat lai, tao nén phan
luc N tac dong 1én A. Pad
Luc ma sat gitra 2 vat la: F = f.N = f.P.cosa
- Néu lyc P nam trong géc ma sat, nghia la: Hinh 1-5:
non ma sat

Tac dung Ién A mét luc P tao véi phuong phap tuyén mot goc o é\,
F

o <@ = tga <tge = sina/cosa < f = P.sina < f.P.cosa. = Pn<F,.

Vi lwe ddy ngang nhé hon luc ma sat, nén du lwe P ¢é 16n bao nhiéu di nira,
vt A vin khong thé chuyén déng dwoc. D6 13 hién twong tw him.

- Néu lyc P nam ngoai géc ma sat, thi Pn > F, vat A chuyén dong nhanh
dan.

- Néu lyc P nam trén mép goc ma sat, tic 1a a = ¢, lac d6 Pn = F, vat A
chuyén dong thang déu.

- Cho géc ¢ quay quanh phap tuyén, canh cta goc ma sat s& vach nén hinh
nén ma sat. Khi d6 néu luc P nam trong hinh nén ma sat, s& 1a hién tuong tu ham.

2. MA SAT TRONG KHOP TINH TIEN
2.1. Dang phang
~F=fN ’
Trong do: f 1a hé s6 ma sat; N 1a phan luc phap tuyén.
2.2. Dang ranh tam giac

ol



Goi f la hé s6 ma sat trén ca 2 bé mat tiép xtic. Luc ma sat trén ranh:

I_: = I_:1 + I_:z
= F=1.Nz+f.N2=f(N¢ + N2)
Ma N = (N1 +N2)cosp=>F= —— N=fN
cosf

Trong d6: £ 12 hé s6 ma sat thay thé & dang rinh tam giac,
(1-2)

a) khép tinh tién ranh tam b) luc trén khop dang ranh
giac
Hinh 1-6: ma sdt trong ranh tam gidc
2.3. Dang ranh tron (hinh 1-7a)

a) khép tinh tién dang tron b) lyc trén khop dang tron
Hinh 1-7: ma sat trong ranh tron

Uo



< Vat A chiu tai trong Q vudng goc véi phuong truot. Ap suat do ranh B tac
dung Ién A phan bé trén phan cung chan bsi goc B. Néu xét mot dién tich vo cung
bé dS (dS = I.r.da).
Goi p(o) la 4p suét trung binh trén dién tich phan b d6

= dN = p(a).dS
Luc ma sat Xac dinh bang cong thtrc:
F= j dF = j L.r.p(cy) do (1-3)
p B
Phan lyc N = de.cosoa = jl.r.p(a).cos o.da (1-4)
B
J'I.r.p(oc).da

=f 2t =t

patf = -
N .[I.r.p(a).cos ada

> 12 hé s6 ma sat twong dwong, phu thudc vao quy luat phan bd ap suat
p(a). , , ,
A goi la hé so phan bo ap suat,
j L.r.p(o).do

.[ Lr. p(a) cos a.da (1-5)

Vatge’ =f; ¢’ goi la goc ma sat thay thé.
s Cac quy IUat phan bé ap SUat thuong gap:

+ Trong cac khép tinh tién méi, ap suat thudng duoc coi Ia phan bb déu
p(a) = p; lac nay B = 180° Thay p(a) vao cong thire (1-5) véi tich phan can tir -
/2 - /2

= A =m/2.

+ Néu truc A cting, 16t 6 B mém, sau khi chay mon, thi quy luat phan bé ap
suat duoc thé hién ¢ hinh 1-7b. Luc nay p(o) = po.cosa, trong d6 4p suat 16n nhat
Po tng VGi dd mon hudng tam 16n nhét & cho tac dung cia luc N. Thay p(a) vao
cong thace (1-5) vai tich phan can tr -n/2 — w/2

= A =7/4.
Ta c6 thé tinh po bang cach thay p(o) = po.cosa vao cong thire (1-4):
pe= N _20 (16)
mrl  wrl

2.4. Mot ing dung ciia lwe ma sat — Truyén dong dai (b truyén dai)

Nguyén ly: Chuyén dong dudc truyén tif banh 1 sang banh 2 nhg lyc ma sit giita
diy dai va bdnh dai. Banh dai nhd thudng 13 banh chi dong. Khi chua chuyén
dong, dé tao lyc ma sdt gifta diy dai va bdnh dai, phdi tao nén lyc cing ban
dau F, giita 2 nhdnh dai.



FiGURE 19.3
“uhiplth\ -belt drive.
(Courtesy Reliance Electrie

Company.)

.
Hinh 1.8: M6 ta mot co cau dai
750 Chapter 19 = Various Machine Components
\
Motor
rotation e §> Overhang
SE | (b) Pivoted, overhung motor




- Ma sét sinh ra giita hai bé mit xac dinh theo cong thirc: Fps =f.N
Nhu vay, dé c6 lyc ma sat thi can thiét phai c6 ap luc phap tuyén. Trong bd truyén
dai, dé tao luc phap tuyén thi phai tao luc cang dai ban dau, ky hiéu 1a Fo. Mot vai
cach dé duy tri luc cing dai can thiét, dugc mo ta trong hinh sau:
Phan loai
Uu nhuge diém va pham vi sit dung
Uu diém:
Nhuoc diém
Théng s6 hinh hoc bd truyén dai:
- Thong sb hinh hoc chu yéu: a: khoang céach truc; ®: géc om banh dai nho (banh
dan); di2: duong kinh banh dai; L: chiéu dai dai. Tt ca dwgc moé ta trong hinh
19.1a.
- Quan hé giira cac thong sb hinh hoc:

* Goc 6m lay gan dung

d =180° — 57(d,—d,)/a (1-7)
- Chiéu dai dai dugc xac dinh theo cong thirc:
_ 2
BN A

- Chiéu dai dai dugc chon lai theo tiéu chuan. Sau d6 tinh lai khoang cach truc a:

o k+vVk? —8A2
4
k=L-mn(d;+d,)/2
trong do: A=(d,—d,)/2
Luec tac dung 1én bd truyén dai
a. Luc tac dung lIén dai

F2
Fo
d! 3V
Hinh 1.10: lLt‘C: tdac dung lén dai
- Goi Fo la lyc cang ban dau; Fi 1a lyc cang trén nhanh cang va F2 1a lyc cang
trén nhanh chung khi b truyén chiu tai.
- biéu ki¢n can bang luc:
R-F=FK (1-10)
Ft goi la lyc vong hay tai trong co ich

Mo6-men (gi61 han) c6 thé truyén trén dai la:

T= (F1 — Fz)(dl/Z)

(1-9)



Gia sir chiéu dai L khong thay doi khi chiu tai trong nén d6 co va gian trén hai

nhanh bang nhau.

F,=F,— AF (1-11)
H = F + I;‘
tir (1-10) va (1-11):
(1-10) va (1-11) SR

Méi quan hé giita F1 va Fa: (cong thirc Euler)
. fd
F=Fe (1-12)
Twr cac cong thure trén, ta co:

F=Fe' /(" -1

F,=F/@E'"-1

F,=FE""+1)/2(e' -1
suyra R =2F, (" -1 /(" +1).

t

(1-13)

Nhu vay, néu tang goc 6m @ va h¢ so ma sat f 1én thi s€ tang kha nang tai cua bd

truyen.

- Khi dai chuyén dong trén banh dai, moi phén tor dai chiu lyc ly tdm, lyc ly tdm

tao nén luc cang phu Fy trén dai:
2
R, =pAV’ =q,,v (1-14)

Om — khéi luong trén 1m day dai, kg/m
- Phuong trinh Euler c6 ké dén luc cang phu

F]_ - |:v — ef(D
|:2 _ |:V (1-15)

- Bdi v6i dai hinh thang (nhu hinh 1.11)
Phuong trinh Euler la:

Fl - Fv — ef'(l)
F2 . Fv (1.16)

Trong do, f* = f/sinf, véi B 1a gdc chém cua dai hinh thang, mo ta trong hinh vé.
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(a) (b)

FIGURE 19.4
V-belt in sheave groove and on flat pulley rim.

Hinh 1.11: M6 td sw tiép xiic ciia mét co cdu dai hinh thang
b. Lwc tac dung Ién truc va o

|
Hinh 1.12: lyc tdc dung lén truc

Luc tac dung 1én truc:
()
F. =2k, 3'”(5) (1.17)

Ciu tao ciia dai & Banh dai
Hién twong trwot trong bd truyén dai
Bao gém: truot hinh hoc, trugt dan hdi, truot tron
- Trwot hinh hoc: xay ra khi bd truyén chua 1am viée, duédi tac dung cua tai trong
Fo, dai bi gian — hién tuong trugt tron
-Trwot dan hoi: do luc F1 trén nhanh cing > F» trén nhanh chung, nén d6 bién
dang dai A1 khi vao dai s& > do bién dang dai khi ra dai. Do d6, khi dai vao tiép
xtc v6i banh dan dai s& bi co lai gy nén hién tuong trugt dan hoi

Trén banh bi dan xy ra hién tugng truot dan hoi khi ra dai.
- Truwot tron: xay ra khi moment truyén 16n hon moment ma sat

11



Pudng cong trugt va hiéu suat ciia by truyen dai
Van toc va ti so truyén
- Véan toc vong trén cac banh dai:

+ Trén banh dan: v1 = td1n1/60000
+ Trén banh bi dan: V2 = 1td2n2/60000 (1-18)
- Gitra van toc vong hai banh dai c6 sy lién hé:
Y d,n
=(v,—V,)/v,=1--2=1--22
E=(Vi—V,)/ vy v, d,n,
Vv, =V,(1-8) (1-19)

v6i: & - h¢ s0 trugt twong doi. & = 0,01 .. 0,02
- Ti s0 truyén cua b truyén dai:
u= _d 4
A,(1-8) d, (1-20)

Tinh toan thiét ké bd truyén dai
(Tham khao Tap 1, tai li€u [2], trang 50 — 76)

2.5. Ma sat trén mit phing nghiéng

- Xétvat chuyén dong déu 1én trén nhd luc ddy P (h 1.13)

90™(o-P)
P

90%(a+B)

Hinh 1.13: phdn tich lyc doi voi chuyén dong tinh tién trén mat phang nghiéng
Tt hoa d6 luc (h 1.13b) vé cho vat chuyén dong déu:
P sin(a + @)
= —=—
Q sin[90° —(o—P)]

pP= Q,M
cos(B—o)
* N&u P // mit phang nghiéng (h1.13c)
B = O f— P = Q‘ M
CoS @

* N&u P ¢6 phuong nim ngang (h1.13d)

B=-a =P=Q.tg(a + )
- Né&uluc P’ dudc diing dé gitt cho vat khong bi tut doc

12



= (R,N)=-¢
Trong cic cong thifc trén ¢ s& d6i dau.

=> khi P’ ¢6 phuong nim ngang = P’ = Q.tg(a. - @)
Khi xét ma sat trén dang ranh nghiéng (h1.14)

BT
Hinh 1.14: phan tich lyc trén ranh nghiéng
+ Neéu vat c6 xu hudng chuyén dong 1én trén thi:

’ P=Q.g(a+¢’) ’ (1.21)
+ Néu vét c6 xu hudng chuyén dong xudng dudi thi:
P=Q.tg(a- ") (1.22)

Trong d6: ¢’ la géc ma sat thay thé ¢ dang ranh.
2.6. Ma sat trong khép ren vit

Hinh 1.15: mo phdng dai 6c trong khép vit & vit ndng trén mdt phang nghiéng

+ C6 thé xem mit vit nhu 1 trudng hgp riéng cla mit phing nghiéng

cudn trén mit tru. Khai trién mit try, ta s& c¢6 1 dudng thing nghiéng thay cho

dudng xodn 6¢. Pai 6¢ chiu luc thang dang Q sé& dich chuyén lén dbc dudi tac
dung cua lyc ngang P.

13



+ Luc P can thiét dé van chat dai 6c duoc tinh theo (1.21), véi (o0 + ¢°) <
90°.

D6i véi ren tam gidc hay ren hinh thang thi ¢’ duoc tinh theo: tge’=
f/cosp. Luc P can thiét s& 16n hon so voi khi dung ren vudng hay ren hinh chit nhat
(B=0= ¢’ =@). Vi thé trong cac chi tiét truyén dong (vit-me, vit kich) thuong la
ren vuong.

+ Pai 6c khi 1am viéc c6 thé bi thdo 18ng, dé tranh hién twong nay, theo
(1-22):

P’>Q.tg(a-9’) hodc (a-¢’) <0 (hién tugng tu ham)
Vi thé trong céc chi tiét ghép (bu long — dai 6¢) nén dung ren budc ngan, ren tam
giac hay ren hinh thang c¢6 B cang I6n cang tot.
MOI GHEP REN
(Sinh vién ty 6n phan 1y thuyét tir file “Moi ghep ren.pdf” va giai tat ca nhiing
bai tap, file “Bai_tap_chuong_moi_ghep_ren.pdf”; Bai giang chi tiét may-Bui
Trong Hiéu)

3. MA SAT TRONG KHOP QUAY

Trong céc co cAu thudng gip, khép quay 1a chd ti€p xiic giita chdt va ban 1€,
hodc ngdng truc va 16t § — Trude tién ta xem ma sit trong khép quay 1a ma sat
trugt kho.

MA SAT KHO

3.1. Phan tich lyc tac dong trong khép quay
Xét trudng hdp téng qudt, truc va ngdng truc ti€p xic trén 1 cung 6m CD = B.
Truc quay déu dudi tdi trong Q (tic dong qua tim O) va m6 men M (hl-16a).

a) b) c)

Hinh 1-16: ma sat trong khop quay

14



< X&t phin lvc N: dp sud't phian bd theo 1 quy ludt p(a) ndo d6 trén cung
om. Cic 4p suit qua tim. Nén N ciing s& qua tim O.
+ Phuong cta N dugc xdc dinh sao cho [dNsina = 0.
+ Gid tri N xdc dinh theo: N = jg dN.cosa
Véi: dN = p(a).L.r.da (1-23)
Trog d6: 1: chiéu dai ngdng truc, r: ban kinh truc , do: géc chin cung ds.
% Xét luc ma sat: F = s f.dN.cosa = f.N, theo phuong x.
< Phdn lyc toan phan (H.4-11b):
R=N+F
Tir diéu kién cAn binglyc = R =- Q va tgep =f=F/N
R=Q=+N?+F* = VN?+f2N? = N.4/1+f?
=N=Q/1+f? (1-24)

Nhdn xét:

+ N chi phu thudc vao Q va f, khong phu thudc vao mdé6 men M va quy
luat phan bo 4p suat.

+ N 1éch véi tai trong Q mot géc biing géc ma sit.

¢ MO men ma sat:

Tur di€u kién quay déu, nén mémen M phdi cin bing véi mémen ma sit

Mus (= F.a).
= Mmns=F.a=R.p=Q.p

Trongdo F=f N=f.Q/ v1+f? =f.Q; v6i " = 1a hé sd ma sat

f

V1+f2

thay thé.

Cénh tay don a duoc tinh nhu sau, vi F 13 hop cua tat ca cac luc ma sat cia
cac phan tir ¢6 dién tich dS nén:

Fa=[prdF=rf[pfdN;  viFfN=a=(rJpdN)/N.
Thay N va dN da tinh ¢ phan ranh tron, ta cé
_ [p(e)da

= LT =AXT (1-25)
J'p(oc).cos oda

VG6i A: hé s6 phan bd 4p suit.
=>Mns=Fa=Qf .A.r (1-26)
% Vong tron ma sit: vong tron tdim O , bdn kinh p dugc goi 1a vong tron
ma sét.
Gi4 st ngoai luc Q’ tic dong lén truc, cdch truc ddi xing 1 doan bing h,
chuyén Q’ vé mit phing ddi xitng, dugc Q va md men Q.h. M6 men nay lam

quay truc (H.4-11c). Xét 3 truong hop sau:

15



e Luc Q’ cit vong trd ma sat
Ta co:
h<p = Qh<Q.p;
4 i tgo _ _
Véi p =a.sing = a. \/HTZQ af =Arf
< Q.p=Q.f".A .r: day chinh 12 m6 men cia luc ma sat.
Nghia 1a khi Q cit vong trd ma sdt thi Q.h < M, truc diing yén
Khi Q’ ting thi M cling ting theo, bat ddng thitc trén vin khong thay ddi,
truc vin didng yén, di Ivc Q’ I16n bao nhiéu tuy y. P6 1a hién tugng ty him
trong khép quay.
e Luc Q’ ti€p xtic vdi vong ma sit: h = p
< Qh = Mpy: truc ¢ thé quay déu duoc.
e Luc Q’ khong cét vong ma sét: truc s& quay nhanh din.

Y nghia: khi thi€t k& tay quay truc mdy, ban kinh tay quay phai 16n hon ban
kinh vOng ma sat.
3.2. Ma sit & 6 &
Ung dung cac cong thirc trén dé tinh Mms va ban kinh vong tron ma sat caa cac
loai khép quay thudng gap trong thuc té.
a) Khop quay ho
o

Truc

Lot truc

Hinh 1-17
- Bic di€ém: ban kinh truc nhd hon bdn kinh &, khi quay, truc va & tiép
xtdc theo 1 dudng sinh, trén mit cit ngang, ti€p xtc nhau tai 1 diém B (h1-17a)
- Céc y€u t6 luc :
+ Canh tay dOn ma sat a=r

y p , }:> p=rf
+ Hé s6 phan b0 dp suat: A =1
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+ MOmen ma sit: Mps = Q.p = Q.r.f (1-27)
- Nhan xét: xem 16 1a mit phing nghiéng, c6 géc nghiéng ting din. Pau
tién truc va 6 ti€p xic tai A. Khi truc quay lin trén thanh 16 (H.4-12b). Tir A
dén B, géc nghiéng o nhd, nhung vi hién tugng tw ham, truc khong tut xuéng (o
< ¢). P&n B, géc nghiéng biing géc ma sit @, nén diém B 1a mién gii han ty
him. Qué di€m B, truc s& khong lin 1én dugc, nén truc va & sé ti€p xic tai B
va quay tai do.
b) Khop quay khit moi (hinh 1-18a)
- Pic di€m: ban kinh truc va § biing nhau, 4p luc phdn b déu trén cung
ti€p xiic CC’: p(a) = p.
- Céc y€u td luc :
+ N nim & giita chia cung CC’ thanh 2 phan d6i xiing, géc o thay ddi
tir -n/2 >n/2
+A=n/2;a=(n/2).r ;p=(n/2).r.f
+ Mms = (/2).r.°.Q (1-28)

, . Q
+Apsudtp= ————
2rl/1+f?

= + 0 e di bi I
O N) Truc chua lin | - Tr “C 04 by Itin

p(a) = hing s6

a) phan tich lyc trén khop quay maoi b) phan tich lyc trén khop quay da mon
Hinh 1-18: ma sat trong khop quay
C) Khép quay khit, dd mon (hinh 1-18b)
- Ap sudt phin bd theo quy ludt cosin trén sudt cung ti€p xiic lam viéc:
p(a) = p.coso v6i a thay ddi tir -m/2 —>m/2.
-Tinhdugc: + A =4/m1 = a=Ar = (4/n).r
Vap=Arft =@/n).rf
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+ Mus = Q.p = (4/n).r.7.Q (4-15)
2Q.cosa

mrlvl+f2

- So sdnh ta nhan thay : Mms (8 hd) < Mms (8 khit mon) < Mms (6 khit
mdi)

3.3. Ma sit ¢ 6 chiin

- 6 chin diung d€ dd truc theo chiu truc. Mit ti€p xtc gitta truc va 6 1a
mot hinh vanh khdn, ban kinh trong r; va ban kinh ngoai r».

- M6 men ma sat: xét 1 phan t§ dién tich dS hinh vanh khiin, b4n kinh r
va chiéu day dr. Dién tich clia phan t& nay 1a: dS = 2nr.dr

Ap luc tdc dong 1€n phan t6: dN = p.dS

= Luc ma sat: dF = f.dN

M6 men ma sit cia phan t6 12 : dMps = r.dF

M6 men ma sdt ctia 16t 6 tac dung 1én truc la:

- Céc chiing minh twong tu nhu ¢ 6 khit méi, ta co: p =

Mns = [ 2 fp.r2.dr (1-29)

i

Hm'/

ap -
suat
Po

Phin t6
b dién
- rich dS

b) 6 chan da mon

a) 6 chﬁn maoi 7
Hinh 1-19: ma sat trong 6 chan
a) O chdn con mdi (Hinh 1-19a)
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Q
n(rzz - rlz)

_ 2f.Q(r -1)
— Mms = 1-30
" 3(!’22 _r12) ( )

Ap sud't phan bs déu trén dién tich ti€p xic giita truc va 6: p =

Neuri=0; n=r = Mmns= %f.Q.r

b) ] chdn da chay mon
Thay ring 4p sudt phan bo theo dudng hyperbol (hinh 1-19b) xdc dinh
béi :
Q
2n(r, —r).r

= Mums = | 2n.f.pr2dr = f.Q.ﬂ (1-31)

Khiro=rvari =0 = Mms='% (f.Q.r)

Nhung néu: r =11 =0, 4p sudt & tAm truc s& 16n vd ciing. Nén d€ tranh,
ngudi ta thudng khoan 16 r =11 § gita. ,

MA SAT UOT

Trong céc khép dong, d€ gidm dd mon, ting tudi tho may, dung chit bdi tron
ngin cdch cdc mit ti€p xtc cla ching. Chat boi tron c¢é thé 1a chat khi, chat
ran dusi dang bot, nhung thudng nha't 1 chi't 18ng, ddu nhon.
3.4. Cac dang béi tron
Cac dang boi tron , ‘
Bai tron thuong duoc phan loai dua vao muc do ma chat boi tron phan cach 2 bé
mat tiép xac. Hinh sau mo ta 3 truong hop co ban vé mac dd phan cach.

p:

13.4 m Basic Concepts of Hydrodynamic Lubrication

519
(a) Hydrodynamic (b) Mixed film (¢) Boundary (continuous
(surface separated) (intermittent local contact) and extensive local contact)

iy 12 9
Hinh 1-20: M6 ta 3 mire dg phdn cdch giira 2 bé mdt
Trong boi tron thity dong (hinh a), bé mat dugc phan cach hoan toan boi 16p (dau)
bdi tron. Tai trong, c6 khuynh hudng ép 2 bé mat tiép xtc nhau, duoc d& hoan
toan boi ap sudt cua chat long duoc tao ra boi Chuyén dong twong ddi cua 2 bé mat
(vd, chuyén dong quay cua ngdng truc). Mon bé mat khong xay ra. Chiéu day dac
trung ctia 16p chat long tai diém mong nhat khoang tir 0.008 — 0.020 (mm). Gi4 tri
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dic trung ctua hé sb ma sat trong truong hop nay nam trong khoang 0.002 dén
0.010.

Trong boi tron mang hon hop (ma sat nira u6t, hinh b), cac dinh cua bé mit khong
lién tuc trong tiép xtc va ton tai luc d& (thay dong) ting phan. Néu thiét ké dung,
bé mat s& mon nhe.

Gia tri ddc trung ctia hé sb ma sat trong truong hop nay nam trong khoang 0.004
dén 0.1.

Trong bdi tron bién (ma sat nira kho, hinh ¢), tiép xuc giita cac bé mat lién tuc va
c6 pham vi rong, tuy nhién, chét boi tron duge “b6i” 1 cach lién tuc qua nhirng bé
mat va cung cap nhiing 16p bé mit (dau) bam vao, duge lam mdi lién tuc. Gia tri
dic trung cua hé sd ma sat trong truong hop nay nam trong khoang 0.05 dén 0.2.
Khai niém co ban vé béi tron thay dong

Chapter 13 = Bearings: Lubrication and Sliding

0il inlet Bearing
/ Journal

Oil flow

Resultant oil

\\ Minimum film i force
= thickness, hq
W W w
(a) (b) (c)
At rest Slow rotation Fast rotation
(boundary lubrication) (hydrodynamic lubrication)
Ficure 13.3

Journal bearing lubrication. The bearing clearances are greatly exaggerated.

Hinh 1.21: M6 ta (khe ho) su hinh thanh boi tron thuy dong

Hinh 1.21a thé hién 1 4 truot (d) & trang thai tinh. Khoang hé giita truc va 6 chua
ddy dau, tuy nhién, tai (W) da bit chat’ 1op dau tai day. Khi truc quay (cham, theo
chiéu kim déng hd), 1am cho no lan vé bén phai, hinh 1.21b. Quay (cham) 1 cach
lién tuc dan cho truc & 1 vi tri gidng nhu ‘dang leo 1én twong’ cua bé mit 6, tao ra
boi tron bién.
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Khi téc do quay cua truc tang dan, cang nhiéu I6p dau (dang dinh trén bé mat truc)
dl vao ving tiép xuc cho dén khi du 4p suat ¢ phia trudc cua vung tiép xuc dé
“nang” truc, hinh c. Khi diéu nay xay ra, ap suit cao cua dong dau tich tu phia bén
phai cua vi tri c6 do day 16p dau nho nhat (ho) 1am di chuyén tryc 1 cach nhe
nhang vé& phia bén trai cia tim quay. Dudi nhirng diéu kién thich hop, su can bang
duoc thiét 1ap va bé mat cua truc va 6 duogc tach ra hoan toan. Boi tron thuy dong
(con duoc goi 1a bdi tron full-film hay thick-film) duoc thiét 1ap. Do léch tam can
bang (e) cua truc va 6 duoc thé hién trong hinh 1.21c.
Hinh 1.22 sau day cho thiy anh huéng cua 3 thong sb co ban 1én cac dang boi tron
va hé s6 ma sat twong tng cia nd.

r/ Boundary lubrication

Mixed-film lubrication

Hydrodynamic lubrication

FIGURE 13.4
A Coefficient of friction (and type
of lubrication) versus dimen-
| wn/P sionless variable pn/P (Stribeck
(viscosity x rps + load per unit of projected bearing area) curve).

Hinh 1.22: Buong cong Stribeck vé cdc dang béi tron

Trong d6, pu (N.s/m?, hay, Pa.s) 1a d6 nhét (dong luc hoc va do nhét tuyét dbi); n
(vong/gidy) 1a tc do quay cua ngdng truc, va P (N/m?) 1a tai don vi ciia 6 45, P =
W/d.1, véi d, 1 12 duong kinh va chiéu dai ngdng truc.
Gia trj s6 trén duong cong trong hinh v& phu thudc vao nhirng chi tiét caa 1 6 truot
cu the, vi dy, khi nhitng bé mit cang nhan, mang dau can thiét dé tich hoan toan
(nhitng nhap nho cta) 2 bé mit cang mong, vi thé, gid tri cua un/P (twong g V4i
diém A) cang thap. Khe hd hay d¢ khit cia ngdng truc trong 6 truc c6 anh huong
quan trong, boi vi co ché tao ra ap suat chat long thuy dong dé d truc yéu cau truc
quay léch tam trong 6.
Chu ¥ rang, dé dat dugc boi tron thiry dong, can 3 yéu t:

- Chuyén dong twong ddi cua cac bé mit duoc phan cach.

- Sy hinh thanh ‘chém dau’.

- Sy hién dién cua chét long phu hop.
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Ma sat uGt trong & trugt
VG6i  r: ban kinh ngdng truc;
o: van toc géc cla truc;
ho: chiéu day khe hé giita truc va &;
v = h, /r: d0 hé tuong dai.
Tinh dudc :

nd’l po
2 v
Trong d6: I: 1a chiéu dai ngdng truc;
d: 1a dudng kinh ngdng truc;
p: do nhét dong luc;
Tinh toan — chon o trwet
(Tham khao Tap 1, tai li€u 2, trang 227 -233)

M = (1-32)

4. MA SAT LAN TRONG KHOP LOAI 4
4.1. Ma sat lan

Xét moOt hinh tru dat trén mot mat phaelng. Dudi tac dung cua luc Q, 2 vit ti€p
xtc s& bi bi€n dang. Ung suit § bé mit ti€p xiic phan bd d6i xing qua lvc Q.
N&u tic dong vao hinh tru 1 lyc P, cich mit phing 1 doan y. Gia st hinh tru
lin theo chiéu miii tén. Dién tich ti€p xidc sé& dugc chia lam 2 phan, gidi han
bdi cung AB va CD. Trén phan cung AB lam 2 phan, gidi han bdi cung AB va
BC. Trén phin cung AB mit ti€p xtc bi bi€n dang , trén phan cung BC mit
ti€p xtc dang phuc hdi vé hinh dang cii.

€

9, ) I
Q M g o/ -

A A DR S (S L _ . _ _. Tang biéndang i

: : |

M, LM, .

RS
zl])
I\'/////';‘ 7

Qw
N

\
N
W
N

R R

Pudng cong ting sudt bién dang

a) b) c)

Hinh 1-23: mé ta ma sat lan
Trong 1y thuy&t dan hdi, c6 nghién citu hién tugng dan hdi tré clia vat lieu. D6
thi & trén bi€u thi m&i quan hé giita bién dang € va tng suit . Chiéu clia mii
tén 12 huéng thay doi ¥ng sudt va bi€n dang. Vdi bi€n dang & nhu nhau, tng
suit o trong giai doan bi€n dang ting s€ 16n hon ng suit o, lic bi€n dang
dang gidm. Vi vdy, ng suit s& phan bd khong ddi xing. Trén phan AB, ting
suat s& 16n hon trén phan BC.
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Phin Ivc N clia cdc 4p luc trén mit ti€p xic s& 1éch so v6i Q mot doan k; Q
va N sé& hgp thanh 1 ngiu luc, can lai chuyén dong lin, nén goi 12 ngiu lyc ma
sat lan.
Mg = k.Q (1.33)
V&i k: hé s6 ma sdt ldn c6 thit nguyén 12 chiéu dai.
4.2. Piéu kién lin khong trugt
- Mudn hinh tru ¢6 thé lin, m6 men lin phdi 16n hon md men ma sat lin:

Py>Qk :>P>Q7'k (1)

- B€ hinh tru khong trugt, lyc kéo trugt P phai nhd hon luc ma sit trugt:
P<fN< P<fQ (2)
- P€ vat lin khong trugt, Iuc P phdi théa man (1) va (2)
fQ>P> Qk (1.34)
y
- P& P ¢6 thé chen giita 2 gid tri ndy thi:
k

£Q> K oy K 3)
y f

- Nhan xét: khodng céch y cang 16n hon k/f, di¢u kién (4-20) cang dé
thurc hién vi pham vi thay ddi cia P d€ théa min (4-20) cang 16n.

- Tém lai: mudn hinh tru lin, khong trugt, trude tién phai théa man (3),
sau d6 mdi dén diéu kién (4-20).

- Pdi véi cdc xe ¢d, khodng cdch y chinh 1a bdn kinh cda b4anh xe. Cho
nén banh xe cang 16n, diéu kién lin khong trugt cing dé thuc hién, diy xe
cang nhe.

5. HIEU SUAT
Trong mdi chu ky chuyén dong binh &n, cong ctia luc phat dong bing cong cla
luc can:
Agq= Ac

Cong cdn Ac gdm c6 2 phan chinh: cong cdn c6 ich A la cong clia céc luc cdn
k§ thuat d€ hoan thanh nhiém vu cdng nghé, va cdng cdn c6 hai 1a cong diing
dé thiang cédc luc cadn c6 hai (luc ma sit trong cac khép dong, luc cdn clia moi
trudng chung quanh..) trong d6 chd yé&u 1a cong dung dé thing luc ma sit Ams.
Do do:

Ad = Aci + Ams
D€ danh gid hiéu qua s dung ning ludng vao cong viéc c6 ich clia mdy, diing
chi tiéu dudc goi 1a hi€u suat clia may.

n=Ad/Aa (1.35)
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(ciing c6 thé duing chi tiéu khac, goi 12 hé sd tdn that ning lugng, ky hiéu la:

Y =Ans/Ad.Dinhién:m+y=1)
Nhuvayn=Ac/Aa=(Ad— Ams) / Aa=1— Ams/ Aa
Dbai v6i khép dong, Aq chinh 13 ning lugng dudc truyén vao khép, Aci 13 ning
lugng nhan dudc sau khi truyén qua khép dong.
Hiéu su't cia khdp dong, clia co ciu c6 thé€ xdc dinh bing tinh todn, bing thuc
nghiém. Trong cdc sd tay k¥ thuat, c6 cho nhitng gid tri cia hiéu sud't cic khdp
dong hoic co ciu thudng dung, vi du: hiéu sud't clia 6 lidn, 6 trudt, co cAu banh
ring, xich, dai truyén.. Can phdi tim hiéu sudt cia 1 hé thdng cdc khép dong,
co ciu dudc ghép lai v6i nhau.

5.1. Hé thong khép dong, co cdu, mdy, lap ndi ti€p.

Gia st c6 1 hé théng bao gdm n khép dong, co cdu mdy, dugc lip ndi ti€p, cb
s6 do truyén ning lugng nhu hinh vé.

Ag A1 Az An

— M » N2 » N3 F-— — NMn —— A

Hinh 1.24: hé thong néi tiép
Ning lugng dua vao hé thdng 12 Aqg. Sau khi ra khdi hé thdng, dé khic phuc luc
c6 ich, ning lugng con lai 1a Aci. Hiéu sult ctia hé thong la:
n-= Acil Ai =Anl As = (An / An-l) X (An-l/An-Z) X..... X (Az / Al) X (Al / Aﬁ)
Hay N=MN1XMN2 X....XNn (1.36)
Trong dé M1, M2, NMa 12 hiéu sui't clia cdc khép dong 1,2..n
Vi du: tinh hiéu sudt cda hé thong cla khép ddong va co cAu nhu hinh vé. Ning
lugng tir ddng co truyén d&n bing t3i theo 1 hé thong dit ndi ti€p nhu sau:
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Ag

Béng co » Pa | —» Trucl pBanhring 1—» Truc2 >
Maai & My 3
—*Béanhring 2 » Truc3 (—» Bangtai —» A
Mo M3

Hinh 1.25: so do dong
Do d6, hiéu suat clia tram din dong bing tdi sé bing:
N = Aci/ Ad= Naai X N7 X NPor
5.2. Hé thong lip song song.
Xét n khép dong, co cau dugc 1ip song song, véi s6 dd truyén ning lugng nhu
H.1-26.

Pongc % J % % J %

Acil Aci2 Acin

N1 — Acia

N2 — Aci2

bC

\ 4

Hinh1.26: hé thong song song
Trong hé thong lip song song, ning lugng dugc chia thanh Adi, Aw,.. An dé
truyén qua cdc cd ciu 1,2,..n v6i diéu kién: Aq= Aa1 + A2 + ... + Adn
Mat khac: Aar = Acit /M1 ; A= Aci2 /M2 ...
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Vi vay hiéu suat clia hé thong 1p song song sé& 1a:

N=A:/As= ':l— (1.37)
Z ACii
i-1 77
Trudng hdp dic biét, néu hiéu sui't clia cdc cd cAu déu bing nhau:
M=N2=..=Mh=MNc

Thi hiéu sui't cia hé thong sé bing:

ZACI ZlAcl n
n= Z A1 -iZ:l:Ac. e (1.38)

i-1 ¢ UM
Vi vay hiéu suit ctia hé thdng cd ciu lip song song, trong d6 hiéu suit tirng cd
ciu biing nhau, biing hiéu suat clia 1 cd ciu trong hé.

5.3. Hé thdng hon hgp.

Thong thudng trong cdc may, dung cdc hé thong khép dong, cd ciu vira 1dp
song song, vira 1ap ndi ti€p. VGi 1 hé thdng 1ip hon hop nhu vay, khong thé tim
dugc cong thitc duy nhit d€ xdc dinh hiéu sudt cia né. Can phai phin tich
ching thanh nhitng hé song song va ndi ti€p riéng, sau dé ding cdc cdng thifc
(1-36) va (1-37) @€ tinh hiéu suit clia hé thong, vi du hinh vé trén 13 1 hé thong
13p hén hop.

Nz » N3 — Ads
PbC » M1 » N2 » N3 — Aci2
Tl”’ > T]’H -, Aci3

Hinh 1.27: hé thdng hén hop
Phan tich hé thong nay, ta thay tir dong co dén noi cong tac Acit, Aciz, Acis, ndng
lwong duogc truyen theo 3 chudi lap nbi tiép, hiéu suét cua timg chudi duogc tinh
theo cong thirc 1ap ndi tiép. ba chudi nay duoc lip song song, nén hiéu suat cua
toan hé thdng duoc tinh theo cong thirc lip song song, trong do ni 14 hiéu suit trén
ting chudi ndi tiép trén.
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Bai tap cia chuwong 1:

1. Tét ca nhitng bai tip vé b truyén dai s& cho ghi chép tai 16p va s& co nhiing
bai giai mau tai 1op.

2. Ty doc nhitng bai tp (dd co 101 giai san) sau day: 161, 162, 163, 164, 165
va 166 (sach “bai tap NLM” — Ta ngoc hai — 2005). Tét ca nhiing thic mic
s€ duoc giai dap tai 16p.

3. Tu giai cac bai tap 168, 169, 171
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Chwong 2: CAN BANG MAY

1. MUC DIiCH va NOI DUNG cua CAN BANG MAY
1.1. Tac hai cua lwe quan tinh
Trong khi mdy 1am viéc, néu cdc luc tic dung 1én mdy thay d6i, phdn luc § cic
khép dong cia cd ciu sé thay ddi. Cac lyc tdc dong thay ddi theo chu k¥, phin
lyc ciing thay d6i theo chu ky, tao nén hién tugng rung dong trén mdy, lam
gidm hiéu suit clia mdy, ting d6 mon cda cdc thanh phin khép dong, gidm tudi
tho clila may, gidm do chinh xdc clia may.
Trong cic luc tic dong 1én mdy thay ddi d6, nhitng rung dong do lvc quan tinh
thay ddi giy ra 1a c6 thé khic phuc dudc. Thuc t& thiy ring luc qudn tinh 1a
nguyén nhin chd y&u gdy nén hién tugng rung dong trén mdy. Khi van tdc cla
mdy thay ddi cang 16n, lvc quén tinh ciing cang 16n. C6 khi Iyc quén tinh 16n
hon ra't nhiéu, so véi tdi trong tinh dit 1én m4y.
Vi dy: vat c¢6 khdi lugng m = 10 kg, quay véi toc d6 n = 6000 vg/ph, chi can khdi
tam cua vat 1éch khoi tdm quay Imm, thi lyc quan tinh ly tdm cting dé la 4000N,
16n gap gan 40 lan  trong luong ban than!
Nhiing tac dung xau sé rat nghiém trong khi xay ra hién tuong cong hudng.
1.2. N6i dung cAn bang may
Tim cdch khir hoan toan hodc 1 phan rung dong do su thay d6i c6 chu ky cda
lyc qudn tinh giy nén, 1a nhiém vu hét sitc quan trong. Mudn vy phéi tim cdch
phan bd hoic dit thém, thio b6t khdi lugng clia cdc khau chuyén dong, sao cho
c6 thé, cdc Iyc qudn tinh cin bing 1dn nhau. D6 12 ndi dung clia cin bing mdy.
Céan bang may la van d¢ kha phue tap cho nén trong chuong nay chi xét mét cach
nguyen ly hai van d¢ co ban:
- Can bang h_J:(; quén tinh va mém‘en luc quan tinh cua cac vat quay quanh 1
duong tdm co dinh, goi la can bang vt quay.
- Can bang luc quan tinh va momen lyc quan tinh trén co cau dé khir ap luc
do ching gay ra trén mong may. Vén dé nay duoc goi 1a cin bang co ciu
hay céan bang trén mong (trén nén).

2. CAN BANG KHAU QUAY:

Khau quay thudng dudc lip trén cdc truc, dit trén cdc gbi twa. Nhitng vi du vé
khau quay: banh xe, tudc bin cling vdi truc, ludi cua ldp trén truc quay, ro to
ctia dong cd...

Ta sé& nghién cttu 2 kiéu khau quay :

2.1. Khdu quay méng (dia méng)-Can bang tinh

28



Véi vat quay mdng, kich thudc chiéu truc nhd, so vé6i kich thuéc dudng kinh.
Trong lugng clia vat quay méng xem nhu chi phan bd trén 1 mit phing vudng
g6c vdi truc quay. Can bing vt quay méng goi 13 can biing tinh

% Nguyén tic cin bing :
Xét 1 khau quay c6 khdi lugng phan bd trén 1 mit phing, gid st cdc khdi
luong tap trung 13 mi, mz, ms tai & vi tr Fl, E, E

Hinh 2.1: cén bang dia méng
+ Truc quay véi van toc géc o. Luc ly tim do ¢6 khdi lugng giy ra:
Pu=m.ri. o, Pp=m. r2. 0?, Py=ms. ri. o
+ Né&u tdng cic luc quan tinh ly tAim khong bing khong, phuong chiéu
ctia luc qudn tinh tdng hgp ludn ludn thay ddi, quay cling truc. Phan luc cdc géc
tua s& thay d6i vdi chu ky bing chu ky quay cda vat quay, gy rung dong.
+ Mudn céc luc qudn tinh ly tim triét tiéu, phdi 1ip thém doi trong, luc
quén tinh ly tAim ctia d&i trong P 4 phai triét tiéu cdc lvc quan tinh trén:
Nghia1: Pi+Pp+Pi+Pa=0
Smiri+mr2+msrs+marg=0 (2-1)
Trong di mg, r 412 khdi lugng, ban kinh véc td khdi tim clia d6i trong.
+ Diing hoa db véc to ta xdc dinh dugc ma. ra.
Cho tri s& clia rq ta tinh dugc ma can thém vao, c6 thé khong cin thém doi
trong mg, ma bSt di 1 khdi lugng ma & di€m xuyén tim.
% Thi nghiém cin bing tinh: € xdc dinh lugng mAit cin bing mir;
a. Phuong phép do tryc ti€p (H.2.2)
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% 1: Chi tiét mat can bang

1 2: Truc quay
[ 7 ] 4>} 3. Thanh daO

Hinh 2.2: phwong phdp do truc tiép
bit truc chi tiét 1én 2 1udi dao nim ngang song song. Néu khong cin bing, chi
ti€t s& ty lin trén dao cho dé&n khi trong tAm & vi tri thAp nhi't trén dudng thing
ding xuyén tim. Pdp mat-tit (hoic dit sét) vao 1 di€m ndo d6 trén ban kinh
thing phia trén tAm quay. Thém hoic bSt mat-tit cho dén khi vat quay & trang
thdi cAn bing phi€m dinh. Khoi lugng va vi tri ciia khoi mat-tit 1a k€t qud thi
nghi€ém.
Uu di€m: thi€t bi don gidn, dé thuc hién.
Khuyét diém:
- Ning suét thap vi ton kha nhiéu thoi gian.
- Thiéu chinh x4c do anh hudng ma sat lan giita truc quay ¥ dao.
b. Phuong phdp don can:

Hinh 2.3: Cdn bang khdu quay mong dung phwong phdp don can.
1: Chi tiét mdt can bang, 2: Pon cdn, 3: Bé ti, 4: Luoi dao.

Chi ti€t khong cin bing 1 c6 trong lugng Q = m.g dudc dit vao 6 truc A § dau
don cin 2. Pon cin ti 1én bé 3 bing ludi dao 4. Treo trong lugng G & dau B va
dit lyc k€ R & di€ém C cla don d€ can bing trong lugng Q clia vat khong cin
bing. Quay tir tir vat khong cin bing, trong tAm S clia né sé quay quanh A. khi
S dén vi tri S1 xa di€m tua O nhat thi luc k€ chi luc cuwa dai Rmax. Gid st x 1a
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khodng céch tir trong tAim S dén truc quay A va Mg 12 momen ma sit § diém
tra O ta c6 :
Q (11 + X) = G.I> + Ruax.] + Mgl (2-2)
Ti€p tuc quay vat khong cin bing 1 cho dén khi lyc k& chi lyc cuc ti€u
Rumin. Khi d6 trong tAm S & vi tri Sz gin di€m twa O nhi't ta c6:

Q (11 - X) = G12 + Rmin.l + Mmsl (2'3)
Tir (6-12) va (6-13)
=Q.x=% (Rmax - Rmin) a (2'4)

Cong thifc nay cho ta lugng mat cAn biing Q.x. con vi tri cAn bing thi x4c dinh
biang cdch ddnh ddu dudng kinh nim ngang khi lyc k& chi cc tri.

¢. Phuong phap db thi (phuong phap hi¢u s0 momen)

De tranh anh huong cta ma sat lan, voi thiét bi don gian nhu phuong phap do truc
tiép, ta c6 thé tién hanh nhu sau:

- Chia mit dau cta khau quay 1am nhiéu phan bang nhau va danh dau bang
cac ban kinh Oi (voii=1, 2, ...) nhu trén H.2.4a. Lan luot xoay céc ban kinh Oi
vé vi tri nim ngang va ing voi mdi vi tri, trén ban kinh R nhu nhau ta dat khoi
lwong mi sao cho vat bit dau quay. RS rang khéi luong mi thay d6i theo vi tri i va
ta v& dugce do thi nhu H.2.4b. Trén d6 thi ta xac dinh dwgc mmax, Mmin ung voi vi

tri A, B.
| M
A B v’>tr|
j gMimax

Hinh 2.4: Cin bang khdu quay mong ding phwong phdp do thi
- Goi mr 14 khdi lwong mét cAn bang cia vat quay thi vi tri cia mr {ng
v6i khdi lugng Mmax, Mmin nhu H.2.4¢. Tai hai vi tri ndy ta ¢6 hai phuong trinh can
bang luc:

VAR

M’

c) d)
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MmaxgR = mgr + Mms
MmingR + Mgr = Mms (2-5)
trong d6 Mms 1a momen ma sat lan cua truc cia vat quay va dao.
Twr hai phuong trinh trén suy ra:

mr = % R(mmax — mmin) (2'6)

Nhu véy phai bu luong mr tinh theo (2-6) vao vi tri A hay bét ¢ vi tri B thi vat
dugc can bang.
2.2. Khau quay day — Cin bang dong
VAt quay c6 kich thudc chiéu truc ddng ké so véi kich thude duong kinh, goi 12
vat quay day, vi th€ khong thé xem toan bo trong lugng cla vat quay phin bd
trén 1 mit phing vudng géc véi truc quay, cho nén 1 cich téng qudt luc quan
tinh trén vat quay day thu vé& khdi tAm sé& dugc 1 véc td Iyc quan tinh (P g # 0)
va 1 véc td mOmen lyc quén tinh (Mqt #0).
Nhu vdy mudn cin bing vit quay, ta phdi théa man 2 diéu kién tong cdc luc
quén tinh bing khong va tdng mdmen cdc lyc quén tinh bing khong, goi 12 can
biing dong.
% Nguyén tic cin bing:

Nguyén tic cin bing trong trudng hgp nay 1a phan phdi lai khéi lugng trén 2
mit phing tlly ¥ chon vudng géc v6i tAim quay, 2 mit phing nay goi 13 2 mit
phiang cin biing.
Xét 1 vat quay nhu hinh v&, gid st vat quay c6 3 khdi lugng (mat cAn bing) tap
trung m;, mp, ms trong mit phing 1,2,3 dugc xdc dinh bing ban kinh véc to r 1,
ra, r3.

+ Khi vat quay vé6i van téc géc o, sé sinh ra cic lvc qudn tinh Py, Pp
va P13 (hinh v&).

+ Chon 2 mit phing I, II thy y vudng géc vdi truc quay, phin luc P,
P12, Pi3 thanh 2 thanh phan tuong tng P i, P*’n, P’ P”’p, P’3, P’ ;3 niim
trong 2 mit phang I va I
Trén mit phing I, dit d6i trong d€ tao nén luc quén tinh ly tim P 41, sao cho
phuong trinh sau dugc thda man

P+ P+ P33+ Pau=0 (2-7)

Céch gidi phuong trinh nay da dugc trinh bay & phin truéc
Mbt cdch tuong ty, sé tim dudc khdi lugng hoic vi tri ddi trong d€ cin biing cic
luc & mit phing can bing II.
Nhu vdy, mudn cin biing khdu quay, can phai lip trén khau quay 2 ddi trong
trong 2 mit phing khdc nhau, vudng géc vdi truc quay. Vi tri mit phing cin
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bing dugc chon tlly y trén truc, tiy theo diéu kién ciu tao clia khau quay.
Ciing c6 thé chon mit phing cin bing tring v6i mit phing 1,2,3.

DP¢€ x4c dinh vi tri, ciing nhu khdi lugng ctia ddi trong khi cin bing 1 chi tiét da
dugc ché tao phdi dung cdc mdy cin bing dong.

Pis

q
5

P2

1
%\
.-—U'
o
N
v

Hinh 2.5: Cdn bang khau quay day.
% Gié6i thiéu vé mdy cin bing dong:
M4y can biing dong c6 nhiéu loai rdt khac nhau, nhung vé nguyén ly, loai don
gidn c6 ciu tao nhu so dd trén hinh ve 2.6.

5
% »E= iﬂ
5 m
1

4
3 |
|
7 8
Hinh 2.6: So do mdy cdn bang dong.
1: Khung, 2: Chi tiét can can bang 3: Bong co,
4: B phén truyén dong, 5: Khop noi mém, 6: Lo xo,
7: Gidm chan, 8: Dung cu ghi, do.
M4y bao gém :

+ Khung 1 ¢6 thé lic quanh truc qua A, khung mang vat quay 2.

+ Vat 2 quay quanh truc OO nhg dong cd 3, qua bd phin truyén dong 4
va khép néi mém 5.

+ Khép mém 5 c¢6 tic dung vira chuyén dong quay, vira cho phép vat 2
trén khung 1 ldc quanh tim di qua A.

33



+ Khung dao dong 1 ndi v6i 16 xo 6 dé tao thanh hé dao dong.

+ Gidm chin 7 ¢6 tac dung tit dao dong tu do n€u c6 trong hé.

Khi vat mat cAn bing 2 quay quanh OO, sé& sinh ra lyc quédn tinh, day 1a
nguyén nhian giy ra dao dong cudng biic cia khung 1, dao ddng nay dugc do,
ghi nhd dung cu 8. N&u diéu chinh vat quay sao cho mit phing cin bing I,
chita tim quay qua A thi lugng mit cin bing trén mit phing I khong 4nh
hudng t6i dao dong cua khung, khi d6 dao ddng cudng buc clia khung chi do
lugng mAt cAn bing trén mit phang II giy ra.

Khdo sdt dao dong ctia khung 1, ta hoan toan c6 thé xdc dinh lugng va vi tri
mar 2. Hodn todn tuong tu, ta c6 thé xdc dinh lugng va vi tri cia myr trén miit
phing I khi cho mit phing II chita tim quay qua A.

3. CAN BANG CO' CAU:

Sau diy, s& nghién cifu cin bing toan bd co ciu, khi cd cidu dudc lip trén
méng. Bai todn cin bing cd ciu 1a 1 bai todn khd phic tap. O day chiing ta chi
xét trudng hgp cd cAu phing.

Co cdu la 1 co hé, c6 khdi tAm di dong. N€u thu gon toan bd luc quan
tinh vé khdi tAm, s& dudc 1 luc qudn tinh chinh va 1 momen chinh. Trén thuc
t&€, cAn bing mémen chinh clia lyc quin tinh rat phic tap, thudng rat khé thuc
hién. O day, ta han ché& chi nghién citu viéc cin bing luc quan tinh chinh.

P=-ma, v6i m:khdilugng ciia co ciu.
a, : gia tdc khdi tAim cla cd cau.
Pé€ can bing luc quéan tinh, cAn tim bién phap k§ thuit sao cho as = 0, nghia la
khdi tAm cd ciu chuyén dong thing déu hoic ¢ dinh. Co cidu chuyén dong c6
chu ky , nén S khong thé€ chuyén dong thing déu dudc. Cho nén d€ can bing
cd ciu, can tim diéu kién sao cho khdi tAim cta cd cau ludn cd dinh.
LAy cd cdu tay quay — con trugt lam vi du. Cdc khau 1, 2, 3 c6 khoi lugng mj,
mo, m3 V6i cdc trong tim 1a Sy, S, S3 dudc xdc dinh bdi r,, r,, r, nhu hinh vé.

Gi4 st khoi tam S clia cd cdu dudc xdc dinh biing ban kinh véctd r, ta c6 :

B & A
~
S Sz
& Iz
w 5 S
_.S3
A Is [CA AR Y

Hinh 2.7: véc to xdac dinh vi tri co cau

34



Mr =mr, +mar, +mar,
mr =mS, + mpl, + m2S, +msl, +msl, + msS,
- m,.S; +(m, +my).l; N m,.S, +m,.l, N m,.S,
m m
Trong v& phdi cla phuong trinh chi c6 S, 1a khong ddicon S, I, S,, I, déu

(2-8)

c6 phuong thay d8i, mudn r khong ddi, chi c6 cdch triét tiéu 2 s6 hang diu
nghia 1a :

|:> ml (2'9)
R _ R m3 _
m2S, + msl, =0 S, :—m—.|2

2
Pay 1a diéu kién cin bing trén méng cla co cAu, ddu Am trong cong thifc cho
thdy trong tAm ctia khau 1 phdi nim trén doan kéo dai vé phia A clia doan AB
va trong tAm khau 2 phai nim trén doan kéo dai vé phia B ctia doan BC. B§ tri
kh6i Tugng ciia khau 1 va khau 2 théa man didu kién (6-19) thi khi tim S s&
nim c6 dinh trén dudng thing AC (H.6-16)

&

Is S S
%\/ A W — C 3 W//

S3

S

Hinh 2.8: cdn bang trén méng
Vé 1y thuyét ta hoan toan cé thé thuc hién diéu kién (2-9), nhung trén thuc t&
viéc can bing trén méng c6 nhitng phién phitc nhat dinh.

Bai tap chuwong 2:
1. Tu doc tat ca nhiing bai tap (co 1oi giai san), 177, 178 va 179. S& giai dap
tat ca nhirng thac mac tai 16p.
2. Tu giai cac bai 182, 183 va 184.
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Chwong 3: CO' CAU PHANG TOAN KHOP THAP

1. DAl CUONG
1.1. On tap vé ciu tao-dong hoc-ddng lwe hoc ciia co' cAu thanh
1.2. Co cau 4 khau ban 1&

- Trong c4c phan trude, dé 1dy vi du minh hoa, ta da gap nhleu loai co céu
nay, trong chuong nay s¢ nghién ciru co cau nhiéu thanh mét cach tong quat.

- So voi cac loai co cau khac, co c4u nhiéu thanh c6 nhing dac diém sau:
1au mon, tudi tho cao, kha nang truyen luc 16n; ¢6 chu tao don gian, dé ché tao va
lap rap; 4 dang thay d6i kich thuée dong; kho thiét ké co cdu theo 1 quy luat
chuyén dong cho trudc.

- Trong co c4u nhiéu thanh, co ciu 4 khau ban 1¢ 13 co cAu thudng gip va
dién hinh nhat. Co cdu 4 khau ban 18 14 co cau gdm c6 4 khau néi voi nhau bang
cac khop quay (con goi 1a khdp ban 18), luge dd ¢ hinh 3-1.

Hinh 3-1: co cdu 4 khéu ban 1é

Trong do:
+ Khau c6 dinh goi 1a gia: khau 4.
+ Khau d6i dién khau ¢ dinh goi 1a thanh truyén c6 chuyén dong
song phang: khau 2.
+ Hai khau con lai, neu quay duoc toan vong goi 1a tay quay, néu
khong quay duoc toan vong goi 1a can lic.

2. CAC BIEN THE TRONG CO CAU BON KHAU BAN LE

2.1. Thay ddi kich thwéc dong ciia khau
Hinh 3-2a 1 co cdu 4 khdu bdn 1é, cho chiéu dai khau 3 16n v6 cung, diém D 1ui
Xa voO tan, chuyén dong khau 3 tr¢ thanh tinh tién theo phuong truot xx. Néu xx
khong di qua tam A, ta ¢6 co cau tay quay — con truot léch tam (H.3-2b), néu xx
di qua tAm A, ta c6 co cdu tay quay — con trugt diing tam (H.3-2¢).

2.2.  Thay d6i khau c6 dinh
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Hinh 3-2: cdc bién thé ciia co cau 4 khéu ban 1é
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+ Ta biét rang, chuyén dong twong ddi giira cac khau khong thay d6i khi
doi gia. Trén co cau tay quay — con trugt chinh tam, néu chon khéu 2 lam gia, ta
c6 co cau xy-lanh quay (con goi 1a co cdu cu-lit lic nhu ¢ H.3-2d) va néu lay khau
1 1am gia, ta c¢6 co cdu cu-lit nhu H.3-2e.

+ T co cau cu-lit, néu dich tim quay B ra xa vo cung thi khau 2 ¢6 chuyén
dong tinh tién, khop quay B & vo tan trd thanh khép tinh tién & gan, ta nhan duoc
co cdu tinh tang (H.3-2f). Ciing tir co cdu cu-lit, néu ta dich tim A ra xa v clng,
ta co co cdu tinh sin (H.3-2g), co cau tinh sin ndy ciing c6 thé biéu dién bang luoc
dd nhu H.3-2h.

+ Tir hinh 4-2h, néu 14y khau 4 1am gia, ta c6 co cau Ellip (H.3-2i); néu lay
khau 2 1am gia, ta c6 co cdu Ondam (H.3-2K).

3. DAC PIEM DONG HOC CUA CO CAU 4 KHAU BAN LE
3.1. Ty sb truyén
Co cau 4 khau ban 16 ABCD trén hinh 3-3a, bién chuyén dong quay cua khau 1

v6i van toc goc o1, thanh chuyén dong quay cua khau bi dan 3 v6i van toe goc ms.
Mot thong sé quan trong dic trung cho co céu 1a ty sb truyén:

3= (3-1)

P (P1=Ps) A A ~ AT b A

Hinh 3-3: mé td ti s6 truyén trén co cau 4 khdu

a) Dinh ly Kennedy (1847 — 1928)
Trong chuyén dong twong ddi cua khau 3 so v6i khau 1 (chon khau 1 1am gid), van
tdc diém C va D ludn vudng goc véi BC va AD. Vi vay tic thoi c6 thé xem
chuyén dong twong d6i cia khau 3 so véi khau 1 1a chuyén dong quay quanh giao
diém P ctia BC va AD (H.3-3a). Tuong ty ta cling c¢6 tim quay tic thoi trong
chuyén dong twong dbi ctia khau 4 so véi khau 2 13 giao diém I cua AB va CD.
Phat biéu dinh Iy: Trong co cdu 4 khau ban 18, tAm quay tirc thoi trong chuyén
dong twong ddi gitra 2 khau ddi dién 1a giao diém 2 dudng tAm ctia 2 khau con lai.

b) Dinh ly Willis (1800 — 1875)

+ Theo khai niém tdm quay tc thoi, ta c6 diém P1 thudc khau 1 va diém Ps
thudc khau 3 hién dang tring nhau tai P, thi Ve = Vs

Ma khau 1 dang quay quanh A = Vp1 = o1.lpa

Khau 3 dang quay quanh D = Vp3z = w3.lpp
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oLlbaz wsley == %=l = PD (3-2)
@,  lpy PA
+ Phdt biéu dinh Iy: Trong co cu 4 khau ban 18, dudng thanh truyén BC
chia duong gia AD thanh 2 doan ty 1¢ nghich v&i van toc goc cua 2 khau ndi gia.
+ Nhan xé&t:
> Khi lam viéc, diém P ludn thay ddi, ma o1 = const nén w3 # const. Nghia 1a
co cau bién 1 chuyén dong quay déu thanh 1 chuyén dong quay khong déu. Nhung

didc biét v6i co ciu hinh binh hanh, (diém P & xa v6 tan, lic d6 i13 = @ - Pb -

1) bién 1 chuyen dong quay déu thanh 1 chuyén dong quay déu.

> Khi P nim ngoai doan AD thi @1 va o3 cling chiéu nhau nén i1z = @1/oz >
0.

> Khi P nim trong doan AD (H.4-3b) thi m1 va 03 ngugc chiéu nhau nén i3 =
o1/wz < 0.

» Khi P = A thi i13 = PD/PA = PD/0 — oo nghia la w3 = 0, khau 3 dung tic
thdi & 2 vi tri (tay quay AB va thanh truyén BC dudi thang ra hay gap lai). Hai vi
tri nay cua khéau 3 (cling nhu vi tri cta co cAu tai vi tri nay), dugc goi 1a vi tri bién
hay vi tri chét.

3.2.  Hé sb ning suit

lam viéc

-
By —T—- 7

Hinh 3-4: mé td hé sé ndng sudt
Trong nhiing co cdu ma khau bi dan ¢6 chuyén dong 2 chiéu di va vé nhu trén
hinh 3-4, thong thudng 1 chiéu 1am viéc, 1 chleu chay khong. Nguoi thiét ké phai
dam bao cho thoi gian chay khong cang ngan cang t6t, dé xét dén dleu kién nay,
ngudi ta dua ra mot dai lwong goi 1a hé s6 ning suat (con goi 1a hé s vé nhanh,
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hé s6 1am viéc) va duoc dinh nghia 1 ty sb giita thoi gian lam viéc va thoi gian
chay khong trong 1 chu ky lam vi¢c cua may.
K = tiv/tex (3-3)
Néu chon chiéu lam viéc, chiéu chay khong va chiéu quay khau dan o1 nhu hinh
v& thi goc quay khau dan tmg véi thoi gian lam viéc, thoi gian chay khong 13 @,
(ck.
K= tw _ oo _ o,

Zlv
tck q)ck / 0)1 (Dck

Goi 0 = C,AC, la goc nhon tao bai 2 vi tri cia khau dan Gng véi 2 vi tri
bién, ta co:
@i =180° + 0 va ok = 180° - O
_180°+4@
©180°-4
3.3. Diéu kién quay toan vong ciia khau ndi gia

(3-4)

\ Hinh 7-5 J

> v
\\\ -
\\\ L~

Do yéu cau lam viéc, mot khau néi gia budc phai quay toan vong hay khong.

Gia sir ta tim diéu kién dé khau 1 quay toan vong.

- Khau 1 quay toan vong khi quy dao caa diém B trén co cdu la ca vong
tron. Piém B trén co cau la vi tri ndi dong gitra diém B trén khau 1 (B1) va diém B
trén khau 2 (Bz), nhu vay diém B trén co cau dén vi tri nao thi diém Bi va B phai
dén duoc vi tri do.

- Vi vay ta tuong tuong thao khdp B, ta co:

+ Quy dao diém B la vong tron tam A, ban kinh I;.
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+ Quy dao diém B, quay quanh D va cach D xa nhat vai ban kinh (I2
+ I3), gan D nhat véi ban kinh (I2 — Is), nhu vay ta c6 thé noéi rang diém Bz chuyén
dong trong mién vanh khan tam D véi ban kinh 16n R = (I2 + I3), ban kinh nho r =
(12— 13), mién nay goi la mién véi téi cua diém B..

- Vay dé khau 1 quay toan vong thi qu¥ tich caa diém Bi phai nam trong
mién vai cua diém B,. Kich thudce cac khau phai thoa man:

{I1+I4 <l +1, (3:5)
L= =, =1y
Lap luan twong tu nhu trén, ta c6 thé tudng twong thao khép C dé tim diéu kién
quay toan vong cua khau 3.

Mot cach tong quat, c6 thé phat biéu diéu kién quay toan vong theo dinh Iy
sau: Mot khdu noi gia quay toan vong khi va chi khi quy tich cua 1 diém trén khdu
néi gid nam trong mién véi tdi ciia dzem trén thanh truyén noi VOi diém do.

Dinh ly nay hoan toan dung cho ca co cau khong gian va ca co cau cé nhiéu bac ty
do.

4. DAC BPIEM DONG HOC CUA CAC BIEN THE THUONG GAP
4.1. Co ciu tay quay — con trugt

Hinh 3-6: mé ta déng hoc co cdu tay quay-con truot
- Quan hé dong hoc: (H.3-6a)
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+ Piac diém cau tao: tam quay D ¢ xa vo tan nén duong gia AD la dudng
thang di qua A va vudng goc véi phuong truot xx caa khau 3. Tam van téc tac
thoi la P.

+ Quan hé @ong hoc: w1.lpa = V¢ (3-6)

- Hé sb nang suat: (H.3-6b)

+ Hanh trinh lam viéc cua khau 3 1a: He = lcicz; néu la co ciu tay quay —

con truot chinh tam thi He = 2.1aB.

+ Cac goc lam viéc va chay khong duoc thé hién & hinh V&.

- biéu kién quay toan vong: (H.3-6¢)

+ Pac diém: lcp 16n vo cung nén mién vanh khin cua co cau 4 khau ban 18
trg thanh mot day cua mat phang gigi han bai hai duong thang song song va cach
phuong truot xx mot doan bang I,

+ Diéu kién quay toan vong: l1 + e < . (3-7)

4.2. Co ciu cu-lit

Hinh 3-7: mé ta dong hoc co cau cu-lit
- Quan hé dong hoc: (H.3-7a)
+ Pac diém cau tao: Puong thanh truyén BC la duong thang di qua B va
vuong goc voi BD vi tam quay C xa vo tan. Tam van tdc tac thoi la P.
+ Quan hé dong hoc: m1.lpa = wa.lpp (3-8)

42



- Hé sb nang suat: (H.3-7b)

+ Hai vi tri bién cuia co cau la vi tri tay quay OA vudng goc véi cu-lit 3 vi
thé goc lac cua cu-lit bang véi goc 6.

+ Cac goc lam viéc va chay khong duoc thé hién & hinh V&.

- biéu kién quay toan vong: (H.3-7¢)

+ biac diém: Tuodng tuong thao khép B, mién voi cua B2 la ca mat phang.
nhu vay & co cau cu-lit, khau déi dién véi cu-lit (khau 1) bao gio ciing quay duoc
toan vong.

+ Cu-lit 3 quay duoc toan vong khi diém B trén co cau dén duoc vi tri trén
phuong AD Vé phia D nhu hinh V&, nghia la khau 3 quay toan vong khi:

lag > lap (3-9)

5. GOC AP LUC

Ngoai cac chi tiéu dong hoc néu trén, vé phuong dién dong luc hoc, mét chi tiéu
quan trong trong co cau phang toan khop thap la goc ap luc. Gée dp lic la goc
hop goi vecto luc tac dung va vecto vdn téc cua diém dat luc.

O co cau 4 khau ban I&, tay quay — con truot... néu bo qua trong luong cua cac
khau va ma sat & cac khép thi luc P truyén tir khau dan sang khau bi dan nam doc
theo thanh truyén (H.3-8). Goc a duoc goi la goc ap luc.

Hinh 3-8: mé td goc dap lwc trén co cdu 4 khdu ban 1é & tay quay-con trieot

Y nghia caa géc ap lyuc:

+ Ta biét cong suét cua luc tac dung P la:

Nep= P.V =P.Vc.cosa (3-10)

Nhu vy goc o phdn dnh téc dung gdy ra chuyén dong ciia lwc P . Goc o, cang 16n
thi Np cang nho. Khi o = 90° thi Np = 0. Vi thé khi thiét ké phai ¢dam bao sao ch
goc ap luc a nho hon 1 gia tri nhat dinh va ¢6 gang o cang nho cang tot.

+ Trong qua trinh chuyén dong, khé tranh khoi co cau & vi tri co o = 90°, vi
du co cau 4 khau ban 1& (H.3-9a), co ciu tay quay con trugt (H.3-9b), véi khau 1
la khau dan & vj tri tay quay dudi thang ra hay gap lai, trong truong hop nay luc
tac dung tir khau dan sang khau bi dan khong co tac dung lam cho khau bi dan
chuyén dong (day chinh la vi tri bién), co cdu tiép tuc chuyén dong duoc la nho
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quan tinh va khi qua khoi vi tri nay thi o = 90° va luc tac dung lai gay ra chuyén
dong.

VC 1

Hinh 3-9: goc ap luc tai nhitng vi tri ddc biét

6. MOT SO IPNG DUNG CUA CO CAU NHIEU THANH
Co cau nhiéu thanh duoc Gng dung rong rai trong ky thuat. Sau day 1a mot sb vi
du:

- Co cAu dong co 2 xylanh kiéu chir V (H.3-10), bién chuyén dong tinh
tlen cua 2 piston 3 va 5 thanh chuyen dong quay cua khau 1 quanh A. Cling ¢ co
Ccau nay néu dung dé bién chuyén dong tinh tién cua khau 3 thanh chuyén dong
quay cua khau 1 (Iam nhiém vu cta dong co nd) rdi bién chuyén dong quay cia
khau 1 thanh chuyén dong tinh tién cta khau 5 (Iam nhiém vu nhu bom piston);
trong truong hop nay ta c6 dong co nén khi.

Hinh 3-10: lege do dong co 2 xy-lanh kiéu chir V

- Co cau thanh khéong gian trong may néng nghiép.
Trong may nong nghiép, dic biét la trong cac may thu hoach, thuong gap co cau
thanh khong gian, phan 16n cac co cu nay la cac co cau khong gian 4 khau két
hop véi mot chudi dong phang. Trén hinh 3-11a la so do dong cua co cau thuc
OABKC dung dé din dong cho dao trén may gat dap lién hop C.4. O day can luu
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¥ rang do dac diém cua may nong nghiép nén cac khau coé tée do lam viéc thap va
khong doi hoi phai c6 do chinh xac chuyén dong cao. Vi vay chuyén dong khong
gian twong ddi cua cac khau trong pham vi nho cé thé thuc hién nho khe ho &
khép dong va do dan hoi cua cac khau. Nho d6 ma két cau caa cac khop dong va
cac khau trong co cau sé rat don gian. Vi du & so do trén, nhd khe ha o cac khop
A va C nén no bao dam cho cac khau c6 chuyén dong khong gian tuong dbi voi
chuyen vi nho. Thuc ra dé c6 thé hinh dung dung chuyén dong cua cac khau trong
co cau, cac khép nay phai duoc thay téh bang cac khép cau A’ va cu-lit C’.

Hinh 3-11b la so @ dong cua co ciu thanh khéng gian OA1A,BO;10.CDE
¢6 truc lic BO10,C dé din dong cho dao trong may cat co KH.1.4.

Dao

Hinh 3-11: cdc co cdu dan dong dao cit
- Co cziu may cwa soc (H.3-12)
Pay 1a co cdu 4 khau phang, dang tay quay — con trugt. Tay quay 1 dan dong cho
con truot 3 chuyén dong tinh tién theo phuong dung. Con trugt 3 mang khung cua
va ludi cua 4. Cay gb can cua 6 dugc con lin 5 day vao. Hanh trinh lam viéc 1a
hanh trinh ludi cuwa chuyén dong tir trén xuéng.
=

Vs

Hinh 3-12: mét lwoc do co cdau mdy ciea soc
- Co cau may sang lic phang (H.3-13)
Pay la dang co cau 4 khau ban 1& phang.
+ Hinh 3-13a la so d6 may sang lic phang c6 khung sang dit nghién trén
céac thanh do treo.
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+ Hinh 3-13b la so d6 may sang lac phang c6 khung sang dat nghién trén
cac thanh do ding.

+ Hinh 3-13c la so d6 may sang lic phang c6 khung sang dit ngang trén
cac thanh d& dan hoi.

Hinh 3-13: mét s6 lwoc do co cdu sang

Bai tap chwong 3
1. Poc dé hiéu bai tap (giai san) 188. T4t ca nhiing thac mic s& duoc giai
thich tai 16p.
2. Tuong ty bai tap 188, hdy tu giai cac bai tap 191 va 192.
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Chwong 4: CO' CAU BANH RANG

Chu y:

- Trong chwong ndy, tdt cd nhitng muc c6 ghi chii “tw én tdp”, 6 la nhitng ngi
dung ma sinh vién da duoc hoc trong cac mon hoc trudc do. Sinh vién phai tu doc
nhitng néi dung trong cdc muc dé. Néu thic mdc, sé dwoc gidi ddp tai 16p.

- Thoi lwong chinh ciia chwong ndy sé tdp trung vao viéc hwéng dan gidi nhitng
bai tdap da cho.

1. DAl CWONG VE TRUYEN DONG BANH RANG
(SV tu 6n tap)
- Gi6i thiéu: Co cdu banh rang 1a co cau c6 khdp cao ding dé bién doi hodc truyén
chuyén dong theo nguyén tic dn khép truc tiép giira hai khau.
- Phan loai:

+ Theo vi tri trong d6i giira hai truc quay: banh rang ndi tiép va banh ring
ngoai tiép.

+ Theo su phan b cta rang trén banh ring: banh ring thing, banh ring
xodn (nghiéng), banh rang chit V.

+ Theo bién dang rang: banh rang than khai, banh rang xycloéit, banh rang
No6-vi-cop.

+ Theo tinh chit chuyén dong: cip banh ring phing, cip banh ring khong
gian.

T~
4 Z

¢) Banh rdang thang d) Bdnh ring xoan (nghiéng) e) Banh rang chir
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f) Banh rang non g) Banh rang tru h)Banh rang non chéo k) Co cdu truc vit —
chéo banh vit
Hinh 4-1: sy phan logi
1.1. Pinh ly an khép
- Ty s0 vén tc goc giira hai banh ring, goi 14 ty s6 truyén.
Ky hi¢u: i12 = o1/m2
i12 > 0 khi 2 banh ring quay cung chiéu, va i12 < 0 khi 2 banh ring quay
nguoc chiéu.
- Xét 2 khau 1 va 2 dang tiép xtc nhau tai K, quay quanh O1, O twong ting véi
van téc goc 1a o1 va 2.

Hinh 4-2: mé ta sy an khop )
- Di€u kién d¢ 2 bién hinh luén ti€p xuc (khong roi nhau, khong lan vao nhau)
1a hinh chiéu cua cac van toc tirc thoi 1én phuong phéap tuyén phai bang nhau.
Nghia la:

Vk1.C0SP1 = Vk2.C0S[32 = ©1.01N1 = 02.02N>
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. A A 1—10 _ O,N, Oo,P
Ty s0 truyén: |izo| Im2 | ON. (= op —2-) (4-1)

Vé6i P 1a giao diém cua phap tuyén chung ctia 2 bién hinh tai tiép diém duoc
xét va duong ndi 2 tim quay O1 va Og; P dugc goi 1a cuc dan khép.

- Pinh ly an khop co ban: Phdp tuyén chung cia 2 bién hinh tgi diém dn
khop (diém tiép xuc gitta 2 blen hll’lh) chia dwong noi tam thanh nhitng doan
thing ty 1 nghich voi ty so truyen

- Nhan xét: dé cho ty s6 truyen giita 2 khau khong thay déi, cuc an khép phai
c6 vi tri ¢6 dinh trén duong ndi tam.

- Céc banh rang co6 bién hinh la duong than khai, duong xycloit (Epi-xycloit va
hypo-xycldit) déu thoa min diéu kién nay.

1.2. An khép than khai

- Puodng than khai ciia duong tron 13 quy tich ciia mot diém nam trén duong
thang lan khong trugt trén dudng tron (goi 1a duong tron co sd), H.4.3.

Hinh 4-3: bién hinh than khai Hinh 4-4: an khop than khai
- Tinh chat ciia dudng than khai:

+ Ludn nam ngoai dudng tron co sg.

+ Phap tuyén ctia dudng than khai 1 tiép tuyén ctia dudng tron co so.

+ Ban kinh cong & mdi diém bang chiéu dai cung trén vong tron co s nam
giita diém gbc ctia duwong than khai (No) va tim quay tirc thoi. Ta 6, chidu dai
doan NM bang chiéu dai cung Nno.

+ Phuong trinh ctia duong than khai:

Xét trén hé toa do cuc (Ox, 0); do 1an khong truot ta cod

= ro.tgox = ro(ox + 0x) hay
Ox = tgax - Ox = INVo (4'2)
Maic khac: rx = OM = ro/coSoux (4-3)
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Phuong trinh (4-2) va (4-3) 1a phuong trinh dudng than khai trong h¢ toa do

cuc.
- Tinh chat ctia an khdp than khai (H.4.4):

+ Ty s0 truyén trong an khop than khai 1a hang so.

i =2 = % = _OZNZ = foo — const
®, O,P O;N, fo1

+ D¢ dich tm khong anh hudng dén ty s truyén.
+ Diém an khép K luén nam trén duong n-n chira NiNo.

2. CAC THONG SO HINH HOC CO BAN CUA BANH RANG THAN KHAI TIEU
CHUAN
(SV tu on tap)

2.1. Giéi thi¢u

- Cac duodng tron tdm O1 va Op, ban kinh O1P va O2P (H.4-4) néu dugc gin
lién voi 2 banh rang dang an khop s& ludn tiép xtc voi nhau va lan khong truot 1én
nhau, va dugc goi 13 cac vong tron ban dau (con goi 1 vong tron 1an).

- BPuong tron tdm O1, Oz ban kinh O1N1, O2N2 chinh 1a cac vong tron co so.

- Quan hé: I = roi/cosa,; r2 = ro2/CcoOSo
Véi a: goc an khép, trong an khop tiéu chuan, a = 20°

2.2. Cac thong Sné hinh hgc co ban

Hinh 4-5: cdc théng sé hinh hoc
- Khoang céach giira 2 bién hinh lién tiép cta ring do theo vong tron ban dau
goi la budc rang. Ky hiu: t
- Modun ctia ring: ty sO t/m goi 1a mdédun cia rang, ky hidu: m
m= t/n (4-5)
Dé tién viéc thiét ké va ché tao, céc kich thudc cta banh rang déu duoc tinh
thong qua modun. Tri s6 cia mddun dugc chon theo diéu kién bén, tinh theo
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milimét va duoc tiéu chuan hoa: 1; 1,25; 1,5; 2; 2,5; 3: 4; 5; 6; 8; 10; 12; 16; 20;
25; 32; 40; 50; 60;‘80; ;00.
- Kich thudc vé chiéu cao:

+ Chiéu cao dau rang: h> = f.m (véi £ = 1) (4-6)
+ Chiéu cao chan ring: h” = f”.m (v6i £ = 1,25) (4-7)
Chu ¥: d6i voi ring cit ngén, £ =0,8; " =1
+ Chiéu cao cua rang: h=h’+h” (4-8)
- Puong kinh vong tron ban dau: D
Goi Z 1 sb rang cua banh ring = Zt=n.D => D=m.Z (4-9)
- Buong kinh vong tron dinh rang: De =D + 2h’ (4-10)
- Bbuong kinh vong tron chan rang: Di = D — 2h” (4-11)
- Chiéu rong cua rang S’; chiéu rong ké ring S”
S*=8"=1t/2 (4-12)
Sx = 2rx.[(S’/2r) + inva - INVo] (4-13)
= Se = 2r¢[(S’/2r) + inva - iNVoLe] (4-14)
- Khi 2 banh ring an khép nhau thi ty s6 truyén [is2] = foa/for = r2/ri = mZa/mZ;
= |ie| =2Z2/Z1 (4-15)
- Khoang cach giita 2 truc quay: A = 0102 = % m(Z1 * Z») (4-16)

Dau +: an kh6p ngoai; ddu — : an khép trong.

3. DUONG AN KHOP — CUNG AN KHOP — HE SO TRUNG KHOP

(Dl Hol

Hinh 4-6: dwong an khop-cung an khop
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- Khi 2 banh ring dn khép v6i nhau, diém an khép thay doi vi tri trong qua
trinh an khép nhung van ludn ludn ndm trén phép tuyén n-n goi 1a dwong an khép.

- N1N2 goi 1a doan an khop 1y thuyét.

- N’1N’2 goi 1a doan an khop thuc.

- Hinh 4-6 thé hién 1 cip banh ring khi bit dau va khi thoi an khép. Trong qua
trinh d6, cac diém a1, a2 thudc cac bién hinh va nim trén vong tron ban dau s&
chuyén ti céc vi trf by, ba.

- Cac cung aibi, a:bz 1 cung trén vong tron ban dau do cac diém a1, a» vé ra
trong thoi gian 1 doi rang an khép goi 1a cung an khop.

aib1 = azby

- Hé 56 trimg khop:

+ Nhan xét: dé truyén dong duogc lién tuc gitta cac banh ring thi cip ring
sau phai vao khép trude khi cip ring trude ra khop va cang cd nhiéu cip ring
dong thoi an khép thi su an khdp cang ém diu.

+ Kha ning 1am viéc ém diu cua 1 cip banh ring duoc dénh gia bang hé sd
trung khép:

€ = a1ba/t = azbo/t (4-17)
Nhan thay: aibi/mini = ri/ror = 1/coso;  ming = N’1N’;
e= N (4-18)
t.cosa

= D0 dich tdim anh hudng dén «.

Bién doi cong thirc (4-18) ta duoc:

oo J(Z,+25)2 =72 cos? o ++/(Z, + 2", ) + Z2.c0s% o — (Z, + Z,).sin o
27.CoS oL

Qua cong thirc (4-19), ta thay rang:

+ Hé s6 trung khép khong phu thude vao modun ma phu thude vao goc dn
khép va chiéu dai doan an khép thuc té. (s6 rang va hé sd chiéu cao ring)

+ Pé dam bao truyén dong lién tuc gitta 2 banh ring, phai thoa méan diéu
kién € > 1. Do ché tao va lap rap khong hoan toan chinh xac, cc riang lai bi mon
trong qué trinh 1am viéc, ngudi ta thudng lay € > 1,05.

Chu y: hé sb tring khép (g), hay hé sé tiép xiic (CR) chinh 1a sb (cip) ring
trung binh trong tiép xuc, khi mot cap BR dn khdp, con co thé duogc tinh bdi cong
-’ + \frezz —r; —Asina

tO
Trong d6 to 1a budc rang trén vong tron co s& (tor = toz = to)

(4-19)

r2
thirc sau: CR = \/ el
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4. S TRUQT CUA CAC RANG
- Xét 2 bién hinh than khai dang an khop véi nhau tai diém K.

02
Hinh 4-7: sw truot trén bé mat rang
Goi V ki1, V k2 12 van toc diém K1 va Kz dang tring nhau tai diém an khop

= V"1 = V "k (do 2 bién hinh tiép xtc nhau)
Va Vi - Ve = Vi chinh 12 vén tdc truot gifta bién hinh thir 2 va bién
hinh thtr 1. N6 1a nguyén nhan gay ra mon rang va toén phi nang lugng do ma sat.
- bé danh gia d6 hao mon nay, nguoi ta dua ra hé so truot (C):
Cp = Vrt<1 —Véz va Cp1 = Vrt<2 _V|t<1
Vi Ve
Bién doi cong thirc trén, ta co:

_ Vi, _ p,.®,.SiNB
Cip=1- -2 =1. P2 P

Vi p,.00;.8IN P
= Cp=1-i2. N,K : Coa1=1-i2 N, K (4-20)
N,K N,K

Goi R1 (hay Ry) 1a ban kinh cong ctia dudng ton than khai (tai diém K) trén
banh rdng 1 (hay banh rang 2) = N1K = R va NoK = Ra.
- V& d6 thi truot (rang), thé hién & hinh 4-7.
+ Pdi v6i banh rang nho:
Tai N2 (xem nhu dau ring quy uéc): Rz = 0 = Cr2=1.
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Tai P (cuc an khop): Ryl = Cpp =0,
Rl rl
~ Tai Ni (chén rang quy udc): R:=0 = C12 = oo,
+ D061 vt banh rang 1on (tuwong tu)
- Nhan xét:

+ Thuec té chi an khép trong doan L’1L°2 = dd thi & doan do.

+ Chan rang mon nhiéu hon dau riang, dic biét la chan rang cta banh riang
nho.

+ Mudn diéu chinh su bat loi nay, ta dich doan lam viéc sang trai, nghia la
tang chiéu cao dau riang ctia banh ring nho, va giam chiéu cao chan ring ctia banh
rang 16n, hodc dich chinh cac banh rang.

5. NHIPNG PHUONG PHAP CO BAN CHE TAO BANH RANG THAN KHAI

5.1. Cac phwong phap ciit co ban
a) Phwong phap cat dinh hinh (chép hinh).
|

Hinh 4-8: cdc phwong phdp cdt ring

- Ludi cat c6 hinh dang tiét dién ngang giong nhu hinh dang rinh ring.

- Dung dau phan d6 dé quay phéi 1 goc 27/Z, dé cit banh ring c6 Z ring.

- Cat banh rang c6 modun 16n ta dung dao phay ngén (do ding dao phay dia bi
rung dong).

- V¢é ly thuyét, mudn ché tao 1 banh ring c6 s6 ring Z phai dung ludi cét riéng
c6 cung moddun d6. Song dé giam b6t sb ludi cat doi véi timg moédun ngudi ta
dung bo ludi cat gdm 8, 15 hay 26 cai cho timg modun. Vi du: ludi cat s 5 trongv
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bd 8 cai, dung dé cat banh ring co tir 26 dén 34 rang, c6 hinh dang ranh ring cta
banh ring c6 Z = 26. Ddi véi nhirng banh ring con lai ( Z = 27 dén 34) s& dugc cét
nhirng bién hinh gan dung ma thoi. Ngoai ra con co sai 1éch vé budc rang lam ting
thém nhiing sai léch v€ bién hinh. Vi vay phuong phap nay c6 d6 chinh xac khong
cao va chi dung dé che tao nhimg banh ring co toc d6 cham.

- Phwong phép cét dinh hinh con c¢6 1 nhuoc diém nita 13 ning suét thip hon
phuong phap cit bao hinh.

b) Phwong phdp cit bao hinh.

- Phuong phap cit bao hinh vdi cac dao cit loai thanh ring, banh rang hay truc
vit trén cac may phay. Uu diém ndi bat cua no 1a cung 1 dao, cit dugc nhleu banh
ring c6 sb rang khac nhau vé6i cing modun, dat do chinh cao va ning suét cao.

. W s s . |
Dae edt dang bdnh rédng thén khai / POl dang dilge gia cong

(

a) Gia cong banh rang bang dao cdt b) Gia céng banh rang bang dao cdt
dang banh rang than khai dang thanh rang

| H
[ h'=mq
-

TO,ZSmd

C) Hinh dang dao thanh rang
Hinh 4-9: phuwong phap cat bao hinh

- Pic diém:

+ Trong qua trinh cét, dao va phdi co chuyén dong quay tuong dbi nhu 1
cap banh rang dang an khop, bién hinh rang cta banh rang dugc ché tao s& 14 bao
hinh cua cac vi tri n01 tlep nhau cua ludi cét (H.4-9a).

+ Khi dao cét c¢6 s6 rang 16n vo han ta duoc loai dao thanh rang (H.4-9c).
Bién hinh cua dao khi do6, tir dwong than khai bién thanh dudng thang. Trong khi
ché tao banh rang, dao thanh rang sé tinh tién qua lai doc truc cia phoi dé cat rang,
con phoi s& vira quay vira tinh tién doc theo thanh ring. Dung dao thanh ring chi
c6 thé ché tao nhirg banh ring an khép ngoai.
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+ Ché tao banh ring bang may phay ring v6i dao phay truc vit co néng suét
cao hon ca. Dao phay truc vit dat nghiéng voi mat canh cua phoi mot goc bang A
(bang gbéc nang ctia duong xodn ¢ trung binh trén dao phay). Trén mit phang cat
vudng goc voi tryc cua phoi, dao phay tryc vit co dang rang la thanh rang. Khi cat
rang, chuyén dong tinh tién cta dao thanh ring s& dugc thay thé bang chuyén dong
quay cua dao truc vit.

5.2 Banh ring tiéu chuén va banh ring c6 dich dao

a) Binh ring tiéu chudn va banh ring c6 dich dao

- Dao thanh ring: bién hinh cua dao thanh ring (hay tiét dién dao truc vit noi
trén) c6 kich thude tiéu chuan hoa (H.4-9¢). Ta thay rang budc cia thanh ring (ta)
xét trén tat ca cac duong nam ngang déu bang nhau. Song riéng trén duong thang
H-H, bé day cua ring bang bé rong cua ké ring. Puong H-H goi 13 duong trung
binh cua thanh rang. Budc ctua dao thanh rang la:

ta = Mq.w (4-21)

Trong d6, modun cta thanh ring md duogc 13y trong s6 moédun tiéu chuan.

Tir dudng trung binh H-H ta tinh duogc chiéu cao 1y thuyét dau riang cia thanh ring

(h> = mq), chiéu cao thuc té dau ring thanh ring 16n hon chiéu cao ly thuyét

0,25mg. Can phai ting 1én nhu thé dé chan ring cua banh riang dugc ché tao co

chiéu cao bang 1,25mgq. Bién hinh ring thanh ring 1 duong thang nghiéng 1 goc
ag = 20°. Pau ring thanh ring duoc lugn tron.

- Banh ring c6 dich chinh: trong qua trinh ché tao banh ring than khai bang
dao thanh ring, ché do chuyén dong (tic 13 ty sb V/w) quyét dinh ban kinh vong
chia. N6i cach khéc: ta ¢6 dinh duong chia trén dao thing rang bang cach dinh ché
d6 chuyén dong trong qué trinh ché tao (H-4-10). Néu ta dit dao thanh ring sao
cho dudng trung binh cta noé trung v6i dudng chia, tirc 13 tiép xuc véi vong tron
chia trén phoi thi banh ring dugc ché tao ra 1a banh ring tiéu chuan; néu duong
trung binh khong trung véi duong chia thi ta nhan dugc banh rang khong tiéu
chuén (con goi 13 banh rang dich chinh, banh ring c6 dich dao).

a b c

——————— dwong trung binh; — - —-— - — duong chia, vong chia
Hinh 4-10: mo ta banh rang tiéu chuan & dich dao
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- Khoang cach gitta duong trung binh va duong chia goi 1a d§ dich dao, ky
hi¢u: 8. B dich dao & dugc tinh theo cong thurc:
d=E&.mg (4-22)

Qui udc do dich dao va h¢ s6 dich dao ¢ la am khi duong trung binh nam
trong dudng chia (H.4-10a) va 1a dwong khi duong trung binh nim ngoai duong
chia (H.4-10c).

- Khi dich dao, vong co sé ctia dudng than khai 13 khong doi. Chi khac nhau ¢
chd: ding doan nao ctia dudng than khai lam bién dang 1am viéc cta ring.
- Bic diém co ban cua cic bd truyén dich chinh:

+ Bo truyen dich chinh déu (&; + &2 = 0) con goi la bo truyén dich chinh
cao, chidu cao du rang va chan ring thay doi, chiéu day ring cua thay doi.

+ B0 truyén dich chinh duong hodac am (&1 + &2 # 0) con goi la bo truyén
dich chinh goc, goc an khop thay d6i, khoang cach tim thay doi, hé s6 £ va f°
thay doi, chiéu day va chleu rong ranh rang thay d01

b) Hi¢n twong cit chén rang va sé rang toi thiéu

- Hién twong cat chan ring:

Trong qua trinh ché tao banh ring bang dao thanh ring, c6 thé thay doi vi
tri ctia dao thanh rang ddi voi phoi, song khong thé dat dao thanh ring gan phoi
qua mot vi tri gid1 han, vi nhu vy s€ xay ra hién tuong chan rang bi cat lem (H.4-
11a).

- Nguoi ta chimg minh duoc ring, trong qua trinh ché tao, néu dudng dinh cua
dao thanh ring cit dudng an khop o ngoai doan an khop 1y thuyét thi s& xay ra
hién tuong cat chan ring.

‘ Hinh 4,-1].' hién twong cat chan rang khi ché tao
- biéu kién khong cat chan rang (H.4-11b)
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Goi 1 1a khoang cach tir duong dinh rang 1y thuyét (chi phan tham gia cat)
ctia dao thanh ring t6i duong chia; Q 13 hinh chiéu cua N 1én phuong OP. Dé
khong x4y ra hién tugng cit chan ring thi:

I <PQ
Ma PQ = PN.sina = OP.sin%a = r.sina. = (M.Z/2).sina.
Gia st banh rang duoc ché tao voi hé sd dich dao 1a g, ta co:
l=m-8=m-&m=m.(1-§)
= m.(1-¢&) <(m.Z/2).sina
Thong thudng a = 20°, nén diéu kién khong cit chan rang sé la:

1-¢§<2Z/17 (4-23)
- Nhan xét:
+ Néu hé s dich dao da chon thi sb rang phai bao dam:
Z>Zmin=17(1-€) (4-24)

Pbi voi banh ring tiéu chuan (& = 0) thi Zmin = 17. C6 thé dich dao dé s6
rang nho hon (khi ¢6 yéu cau banh ring nhé gon).

+ Néu sb rang Z da duoc quyét dinh thi hé sd dich dao phai bdo dam:

& 2> Emin = (17-2)/17 (4-25)

+ Zmin, Emin 14 s6 rang t6i thiéu va hé s6 dich dao t6i thiéu dé khong xay ra
hién twong cét chan rang.

Trong thuc té, khi ct béng dao thanh rang hay cit bao hinh; mot sd tai liéu
(Fundamentals of Machine Component Design) dé nghi ring, néu BR la tiéu
chuén thi s6 ring khong nho hon 18 (voi goc ap luc 20°) va khong nho hon 12 (voi
goc ap luc 25°) dé khong xay ra hién tuong cit chan ring.

-Hién twong chén riang
Khi 1 cap BR an khép, ¢ thé xay ra hién twong chén ring (khi diém an khép nam
ngoai doan an khép 1y thuyét). Chén ring 1am can tré chuyén dong cua cip BR.
Hiéu chuén thich hop 1a cit bo phén dau rang bi chen, tuy nhién, viéc nay co thé
1am ring yéu di va lam giam hé sé tiép xuc (CR).

Phuong trinh vé& ban kinh vong dinh t6i da dé khong xay ra hién tuong chén ring
(khi an khop) la:

Ly =\ T + A’sin’
Trong do A 1a khoang céach truc
Phuong trinh nay cho thay rang :
+ Chén rang dudng nhu chi lién quan dén phan dinh ring caa BR 16n hon 1a dinh
ciia BR nho (banh dan).
+ Chén rang c6 kha nang xay ra khi s6 ring ctia BR nho quéa nhé hay s rang cta
banh rang 16n qua 16n, hay goc ap luc qué nho.
5.3. Cac kich thuéce cia banh rang dich chinh
Gia str ¢6 2 banh rang c6 s6 ring Z1 va Z», cung mddun m, dugc ché tao cung 1
dao thanh ring véi cac hé s6 dich dao 1a &; va & dang dn khép véi nhau khong co
khe ho.

- Bé day cua rang S:
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+ Bé day cta rang trén dudng tron chia ctia 2 banh rang (Sa1 va Sa2):
Sa1 = (m.ma/2) + 2.mg.E1.tgoud (4-26)
Sa2 = (m.ma/2) + 2.mg.&2.tgoud (4-27)
+ Bé day cta rang trén dudng tron ban dau (S1 va Sp)
Tir cong thirc Sx & phan trudce, ta chirng minh duoc:
S1 = Sq1.(m/mg) + mZs.(invoyq - inva) (4-28)
S2 = Sg2.(m/mg) + mZa.(invag - inva) (4-29)
Trong d6, m 1a modun Gng véi vong tron ban dau.
- Ban kinh cac vong tron ban dau (ri, r2)

n=mZi/2; r2=m.Zaf2 (4-30)
- G6c an khoép gitra 2 banh rang 1a o = a, dugce xac dinh boi:

inva = [2(&1 + E2)tgad/(Z1 + Z2) + inva (4-31)
- Khoang céch truc A:

+ Dbi voi cap banh ring tiéu chuan, an khép khong ¢ khe ho, khoang cach
gitra céc truc la:

Ao = (ro1 + roz2)/cosa = [Ma(Z1 + Z2)/2] (4-32)
+ Pdi v6i cap banh rang dich chinh thi:
A = (ro1 + ro2)/cosod = Ao.(COSag/cosa) = [Md(Z1 + Z2)/2].(cosad/cosa) (4-33)
- Budc an khop: t =n.m (4-34)
- Chiéu cao chén ring;
h”1 =1,25.mg — Mg.E1 + L — raz (4-35)
h”, = 1,25.Mmg — Mg.E2 + 2 — Iz (4-36)

VOl 1412 = Y2 ma.Z12
- Chiéu cao dau rang:

h’1=h"2-0,25.mq (4-37)

h’2 =h”1-0,25.mqg (4-38)
- BPuong kinh cua phoi:

De1=2r1+2.h1 (4-39)

De2=2.r2+2.h’» (4_40)
- Hé sb trung khép:

= (\/Rﬁl—r§1+\/R§2—r§2—Ao.sina) (4-41)

t.cosa

- Dung cong thirc tinh Se & phan trudc dé kiém tra do nhon cia dau rang.

6. BANH RANG TRU TRON RANG NGHIENG
(SV tu on tap)

6.1. Cu tao mit ring

- Mit rang ctia banh ring 1a 1 mit xoan dc than khai, mat nay 1a quy tich cua
mot duong thang MM’ nam trong mit phang (P), khi mat phang (P) lin khong
truot trén mot hinh try tron xoay ban kinh ro. Khi duong théng MM’ tao véi truc 1
goc o, néu Po # 0, ta c6 banh ring try tron ring nghiéng. Khi Bo = 0, duong thang
MM’ song song v6i truc hinh try, ta c6 banh rang try tron rang théng.
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a) b)

27Tro tn

Y

2nr b, 4/63\

c) d)
Hinh 4 -12: cdu tao & théng s6 hinh hoc ciia banh rang nghiéng
- Mot sb didc diém ctia mat xodn oc than khai (H.4-12b)

+ Mat phang (P) la mat phang tiép xtic voi hinh try co so, ciing chinh 1a mit
phang phap tuyen clia mat xoan dc than khai.

+ Mit phang vudng goc véi truc ciia hinh try co so, cat mat xoan ¢ than
khai theo 1 duong than khai (duong NoM, N’oM”).

+ Cac mat try tron xoay dong tryc véi hinh tru co so s& cat mat xoin bc¢
than khai theo nhiing dudng xoan c. D6 1a cac duong ring trén cac mat try khac
nhau (vi du: trén hinh tru co so, duong rang 1a duong NoN’o). Cac duong rang nay
¢6 budc bang nhau, nhung vi nam trén cac hinh tru khac nhau, nén goc nghiéng B
cua cac duong nay s€ khac nhau.
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Néu trai 1 duong xoan 6¢ 1én mat phang, ta s& duoc dudng nam nghiéng
(H.4-12c¢).
Ky hiéu S 1a bugc cua duong xodn dc trén hinh try tron ban kinh r, A 13 gbc
nang cua dudng xoan dc.
Ta c6: S = 2nr.cotgP = 2nro.cotgPo (4-42)
6.2. Cac thong s co ban cua banh riang nghiéng
Ta da nghién ctru cac thong sO trén 1 tiét dién vuong goc voi tryc banh rang, ching
ta co thé ap dung d01 v0i banh rang tru tron (thang, nghiéng) voi chu y: yéu t6
diém trd thanh yéu t6 dudng, yéu t6 dudng trd thanh yéu td mit).
Dbi voi banh ring nghiéng, ta cht ¥ thém mot sé thong sé khéc:
- G6c nghiéng cua rang: trén mat try co s&, ky hiéu 1a Bo, trén mat tru chia la p.
T cong thirc (4-42):
= tgpB = (r/ro).tgPo = tgPo/cosa (4-43)
Véi a la goc an khop.
Chu y: khi 2 banh rang nghiéng an khop thi B1 = -2
- Budc rang trén hinh try chia (lan, ban dau)
Mat try chia s€ cit rang cua banh ring nghiéng theo nhiig mat cat nao do.
Khai trién hinh tru chia trén mat phang. Cac mit cat nay 1a nhitng vét nam nghiéng
(H.4-12d). Cac thong sd cua banh ring nghiéng duoc xac dinh trong nhimng tiét
dién khac nhau.
+ Trén tiét dién vudng goc véi truc banh rang (tiét dién ngang).
Budc rang ts goi 1a bude ngang.
Mobdun ms = ts/mt goi 1a médun ngang.
+ Trén tiét dién doc theo chiéu truc ctia banh ring (tiét dién doc).
Budc rang ta goi 1a budc doc.
Modun ma = ta/mt goi 1a modun doc.
+ Trén tiét dién phap, vudng goc voi cac dudng ring.
Budc rang tn goi 1a budce phap (tuyén).
Modun mn = to/mt goi la modun phap.
Mo6dun phép mn dugc ti€u chuan hod, chon mg = my khi ché tao.
+ Quan h¢ gitra cac budc va médun:

th = ts.cOSP = ta.SINP (4-44)

Mn = Ms.COSP = Ma.SINP (4-45)
- Cac thong s6 khéc:

r="Y% ms.Z = "2 (mn/C0SP).Z (4-46)

fe=1+ f’.mn (4'47)

ri=r—f’.mn (4-48)

6.3. Uu nhwoc diém ciia banh ring nghiéng so véi banh ring thing twong
ung q )

- Hinh 4-13 thé hi¢n qua trinh ti€p xUc cua 2 mat rang cua banh rang nghiéng
(voi (P) la mat phang an khop). Trén hinh 4-13b, B1 va B, 1a diém vao khép va
diém ra khép cua tiét dién ngang, qua trinh tiép xtic bat dau chi 1a 1 diém B, ting
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dan dén tiép xtic hoan toan theo chiéu dai cua ring (MM’) va giam dan, chi con
t1ep xuc tai Bz trude khi thoi tlep xuc, vi thé trong thoi gian tiép xtc, xem nhu
diém tiép xtic M di chuyén tir By dén B’.

B1 M B2 B’

/)

Bir M B2

b)

Hinh 4-13: mé ta wu nhuoc diém
- Goi € 1a hé sd trung khép ciia cip banh riang nghiéng va & 1a hé s tring khép
& cip banh rang thang tuong tng thi:
€ = go + (B2B’/tn) (4-49)
- Uu diém:
+ Lam viéc ém diu.
+ Kha néng tai 16n hon.
- Nhuoc diém: xuét hién luc doc truc, c6 thé khic phuc béng cach dung banh
rang chir V.
- Thong thuong nguoi ta chon = 8° — 15°

Hinh 4-14: lyc doc truc & banh rang hinh chir V
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7. PHAN TiCH LYC TREN BANH RANG TRU TRON

(SV tu on tap)

4.4.1. Phén tich lyc tac dung . )
Khi tinh toan c6 thé xem nhu lyc ma sat sinh ra trén bé mat rang khong dang keé.
a. Banh rang tru rang thiang

+ Luyc vong: Ri=2T/dy; =F, (4-50)
+ Luc huéng tAm: F1 = Fotga, =Ry (4-51)
+ Luc phap tuyén: Fu =F2 =Ry /cosay, (4-52)

Hinh 4.15: Lyc tac a’g lén rng ciia banh rang thang
b. Banh rang tru rang nghiéng:

+ Lyc vong: Fo=2T,/dy; =Ry
+ Luc huéng tAm: F1 =Fatgo,, /cosBy, =F; (4-53)
+ Luc doc truc: Fa=FatoB, =F (4-54)
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+ Lyc phép tuyén: Fu = F2 =Fy/cosay,, cosB,, (4-55)
onw: goc an khép trong mit phang phap
Luu y

e Chiéu lyc vong F trén banh dan ludén ngugc chiéu quay, trén banh bi dan

cung chiéu quay.

e Phuong luc doc truc phu thudc vao chiéu nghiéng riang va chiéu quay:

w F w [41] m
a Fa
Fi F, F,
F
FE FE k

Hinh 4.16: Chiéu tic dung ciia lyc lén banh rang
e Chiéu Fr ludn hudng vao tam.
4.4.2. Tu 6n tap thém dua vao nhirng tai liéu sau
* file “Bo_truyen banh_rang.pdf”
* file “Bai_tap_chuong bo_truyen_banh_rang.pdf”
(Bai giang Chi Tiét May, TS. Bui Trong Hiéu)
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