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b. Ma sat trén khop ren tam giac.
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4.1. DAI CUONG



- Ma sat la mét hién twong pho bién trong tw nhién & ky thuat.
- Cac mat loi & hai cua ma sat:
d Loi:

» Cam nam cac vat, di lai dwoc, xe chay trén dwdng duorc, ...

> Mot s6 co cau lam viéc nhd tac dung cla lwc ma sat:




 Hai:
> Lam tén hao cong suat, gidm hiéu suat may.
» Lam nong may.

> Lam mon cac tiét may.

@)



1. Phan loai ma sat

> Theo tinh chat tiép xuc
> Theo tinh chat chuyén dong

> Theo trang thai chuyén dong



1. Phan loai ma sat @
3 Theo tinh chat tiép xuc:

7
» Ma sat kho.
7
» Ma sat wort.
> Ma sat ntra kho.
L. , Pt S NS : T ...... \
» Ma sat nwra wort. \\\\\\\ \\\\\\\\\\\x\ 2

N,



1. Phan loai ma sat @

Q Theo tinh chat chuyén déng:

» Ma sat truwot » Ma sat lan

Hinh 4.1 Hinh 4.2



1. Phan loai ma sat ®

d Theo trang thai chuyén déng:

» Ma sat tinh.

» Ma sat dong.



Hinh 4.1 Hinh 4.2
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2. Lwec ma sat & Hé s6 ma sat

Hinh 4.3

- Lwc ma sat tinh, lwc ma sat dong: f’z ; f—?d

- tinh: ft —
- Hé s6 ma sat .




Nguyén nhan lwc ma sat dong < Lwc ma sat tinh cwc dai
F <k

max

> Lién k&t do cdc v&t mdp mo trén hai bé mat ti€p xtc gdi vao nhaui.

> Ap sudt tai mot s vét mdp moé cé thé rdt 16n va b&ng dé clng
cua vat liéu > cdc vét mdp mod bi bién dang déo. Cac nguyén
td cla vat liéu trén hai bé mat tiép xic dudc dua lai gdn nhau
t&i muc sinh ra cdc méi ndi giia chdng (maéi han Ianh).

Knhi P dat t6i gid tri gidi han > Vat bdt ddu chuyén déng.

12



3. DPinh luat Coulomb vé ma sat trwot kho
> Lwc ma sat ti 18 véi phan lwe phap tuyén | va c6 chiéu
chong lai chuyén dong twong doi: F,, . = f. N
> Hé s6 ma sat f phu thudc vao:
= vat liéu bé mat tiép xuc
= frang thai bé mat tiép xuc
= thoi gian tiép xuc
> Hé s6 ma sat f khdong phu thudc vao:
= dién tich tiép xuc
= 4p Suét trén bé mat tiép xtc
= van toc twong doi gitra hai bé mat tiép xuc

> POi v&i da so vat liéu, hé s6 ma sat tinh > hé s6 ma sat dong.

Je > Ja 13



4.2. Ma sat trén
khép tinh tién



1. Ma sat trén mat phang ngang ®

. [F=Psina

P

N =Pcosa

Fns = T.N=f.Pcosa

= Piéu kién chuyén dong:

F>F

Hinh 4.4

— [tga > f (4.3)

=Goc masat: ¢ (tgp=1)

= NOn ma sat.

= Diéu kién chuyén dong (4.3) «—— [a >¢ (4.4)
5



1. Ma sat trén mat phang ngang ©

= DPKCD chi phu thuéc vao phwong cua lwc tac dung P:

> P ndm ngoai nén ma sat (¢ > ¢): vét A ch.déng nhanh dén.




1

. Ma sat trén mit phang ngang @

= DPKCD chi phu thuéc vao phwong cua lwc tac dung P:

>

>

—_—

P ndm ngoai nén ma sat (a >): véat A ch.déng nhanh déan.

—_

P nam trén nén ma sat (a =¢): vat A ch.déng déu.

7



1. Ma sat trén mat phang ngang ©

= DPKCD chi phu thuéc vao phwong cua lwc tac dung P:

B —

» P ndm ngoai nén ma sét (a >¢): véat A ch.déng nhanh dan.

_—

» P nam trén nén ma sat (a =¢): vat A ch.déng déu.

> P ndm trong nén ma sat (@ <p): vatA ch.déng chdm dan

réi dimg yén do P —s oo.
Yo/ '

Hién twong tw ham cua vat A.

% 13



2. Ma sat trén mat phang nghiéng

* Lwc tac dung lén vat A:

Q, P, N, Fs

= Xac dinh gia tri p de vat A
chuyén déng deéu.

—_—

= Hop lwec: R=P+Q

Hinh 4.5a
19



2. Ma sat trén mat phang nghiéng
a). Vat A di lén déu:

= Lwc ]_5 phai cé gia tri sao cho

R € dwérng sinh thip nhit aa.

= Tam giac lvc 2 (0, R:

P

Hinh 4.5a Hinh 4.5b 20



2. Ma sat trén mat phang nghiéng
a). Vat A di Ién déu:

= Trong tam giac lvc 2 O, R:

~ol

P _ 0  _ 0
Jos sin(a+¢) sin|z—(a+¢+B)] sin(a+e+pB)
A sin(a+go)
— P=C sin(a + @+ ) (4.5)
a+ol

_}V O = P lwc phat dong.
R .

: lwc can.
Hinh 4.5b Q:h



2. Ma sat trén mat phang nghiéng ©
b). Vat A di xudéng déu:

= Lwc ]_5 phai cé gia tri sao cho

R € dwérng sinh cao nhét bb.

= Tam giac lvc 2 (0, R:
P

P

—

RV O

Hinh 4.6a Hinh 4.6b 29



2. Ma sat trén mat phang nghiéng ©
b). Vat A di xudéng déu:

= Trong tam giac lvc 2 O, R:

P P 0 0
; sin(a—¢) sin[z—(a-p+p)| sin(a—p+p)
_o. Sinl@-9)
_a-¢ — et p) (40
R é 'ﬁll_,l’CCén.

—_—

Hinh 4.6b O : lwc phat dong.



2. Ma sat trén mat phang nghiéng ©

Téng quat:

= Cac cong thirc (4.5) & (4.6) c6 thé viét dwéi dang:

sin(aiga)
sin(a T+ ,B)

P=0- (4.7)

(+): trwong hop vat A di Ién ( P luc phat dong, Q: luc cén)

(-): trong hop vat A di xudng ( 2 luc cén, Q Iire phat ddng)



3. Ma sat tren ranh chir V ©

) |

P >
/

A

Hinh 4.7a
N
A
U,
N

| —

\
p P I v -

Hinh 4.7b Hinh 4.7c¢c



3. Ma sat tren ranh chir V @

L —

N PN | N
_ =
\ i
Hinh 4.7b Hinh 4.7¢

. _ |F=Psina
= Tac dung lén vat A métlwc P: P
N =Pcosa

* Lwc ma sat can chuyén dong: F,, =f.Ni; F, =f.Ny

= Lwc ma sat tong:
Fys = f-Np+ f.No = f.(Ny +N>) (4.11)



3. Ma sat tren ranh chir V ®

L —

N
A
) y
/ X N1¥ 2 //
Hlnh47b
= Ta cO:
N =Nqcosy+Nocosy =p Ni+No= N :Pcosa (4.12)
COSY  COSY
= Biéu thirc (4.11) tré thanh:
P
Fo= f.Pcosa (4.13)

COS ¥ )



3. Ma sat tren ranhchir V »

= Piéu kién dé vat A chuyén dong:

F>F
«— fga 2 /
COS ¥
hay — iga =) (4.14)

= Hé s6 ma sat thay thé: f'

= G6c ma sat thay thé: ¢

= Non ma sat thay thé.

= Piéu kién chuyén dong (4.14) «— [a >¢' (4.15)




3. Ma sat tren ranh chir V ©

= DPKCD chi phu thudéc vao phwong cua lwc tac dung P:
> P ndm ngoai nén ma sét tt (a >¢@'): vat A ch.ddng nhanh dan.

> P ndm trén nén ma séat tt (a =¢'): vat A ch.ddng déu.

> P nam trong nén ma sét tt (o <¢'): vat A ch.déng cham dan

roi diing yén du P s op.

!

Hién twong tw ham cua vat A.

29



3. Ma sat tren ranh chir V ®

Nhan xet 1:

= Poi véi ranh ch@ V nam ngang, mat phang tiép xdc cé hé s6 ma
sat f va thanh ranh nghiéng mot goc y thi vé mat tinh toan ta cé

thé thay thé bang mat phang nam ngang co hé s6 ma sat bang:

e J

COS ¥

v&i f'1a hé sd ma sét thay thé, né chi phu thudc vao (f, y) cla

ranh ch khong phu thudc vao trang thai chiu lwc.

30



3. MasattrenranhchirV®

Nhan xet 2:

= DOi v&i rdnh chidV nam nghiéng mot géc 3 so véi phwong ngang,

ta cO thé thay thé bang mat phang nghiéng véi hé sé ma sét thay

thé f'= J , nén nhan dwoc két qua twong rng v&i cac cdng thic
cos ¥

(4.7) va (4.8) v&i @ duwogc thay thé bai ¢

sin (& + @)
sin(a + ¢ + 3)

P=0Q- (4.7)

P=0-1g(atg) (4.8)

31



3. Ma sat tren ranh chir V ®

Nhan xet 3:

* Vi f'> f nén ma sat trén ranh ch& V > ma sat trén mét phang.

*Vi f'> f néng'>e ,dodo bieu thircy < ¢ dé xay ra hon biéu
thirc ¢ < @ , nghia la kha ndng tw ham cuda vat A di xudng trén
ranh chd V nam nghiéng > kha ndng tw ham khi di xudéng trén

mat phang nam nghiéng.



4. Ma sat trén khép ren-vit o

- Cau tao ren vit:

ren tam giac ren vuong ren hinh thang ren trong

Vo

ren ngoai

ren phai ren trai

33



4. Ma sat trén khép ren-vit ®

a). Ma sat trén khép ren vuéng:

|

o ] A Ma sat cua moét vat truot trén mat
Ma sat trén kh&p ren vuong <=—p

phang nam nghiéng mét goc a,.




4. Ma sat trén khép ren-vit ®

a). Ma sat trén khép ren vuéng:

—
N

Hinh 4.8b

= Xét mdt phan tlr ctia dai 6¢ nhuw hinh.
= Lwc (dPcan thiét dé van chat vao hay
thao Iéng ra:
dP =dQ tg(a o)
= Moment lwc rng voi d—P:
dM =r1,.dP =r,;,.dQ.1g(a £ @)

= Moment van dai 6c bang:
M=>dM
M =r1,.0.tg(a o) .



4. Ma sat trén khép ren-vit @

a). Ma sat trén khép ren vuéng:

Diéu kién dé van duwgc la: M =M,

M, =r,.P=ry.0.tg(atp) (4.16)

(+): trwrong hop véan chét vao
(P, luc phat déng, ) : luc can)

(-): trwrong hop thao long ra
(P luc can,Q : lc phat dong)

Hinh 4.8a

39



4. Ma sat trén khép ren-vit ©

b). Ma sat trén khop ren tam giac:

Z

)

<

S

il

I

\

=

M
Ttb
F
Iz
Y
' P

Ma sat trén ranh chir V dat nam

i

Y|

0

<
&

37

Ma sat trén khédp ren tam gidc «=» nghiéng mot goc ¢ va thanh ranh
nghiéng moét goc .




4. Ma sat trén khép ren-vit ®

b). Ma sat trén khop ren tam giac:

’ w P=Q-tg(atq) (4.17)
< E .. M, =r,.0.tg(axq 4.18
//é p-O g(Ol (P) ( )

I

0
il

v&i @' 1a goc ma sat thay thé:

"k wo=f= 1
AN
e

—_
P 48



4. Ma sat tren khép ren-vit @

Nhan xét:

M, =r1y.P=ry.0.tg(atp) (4.16)

M5 =1,.0.1¢ (@ £ ¢ (4.18)
> Moment can thiét dé van chat vao trén ren vubng < trén ren
tam giac —p dlng ren vudng dé truyén lwc (vit me, vit kich,...).

> Moment can thiét dé thao 16ng ra trén ren vuéng < trén ren tam
giac —» dung ren tam giac trong cac bé phan dung ren dé
kep chat (bulbng, vit, ...). Kha nang tw ham khi thao Iéng ra cua
ren tam giac cao hon cua ren vuong.

39



4.3. Ma sat trén
khop quay



» Khép quay dudc dung rdt nhiéu trong mdy méc, thudng goi la 6 truc.
1

a) O dé

b) Mang lot

Hinh 4.10
» O d&: chiu lwc hwéng kinh.
O Phan loai 6 truc: > & chan: chiu lwc hwéng truc.
> O d& chan.
» O chan do.

4






1. Ma sat trén 6 dor @

Hinh 4.11
= Khi ngéng truc diing yén: R can bdng véi Q

= Khi tdc ddng vao ngdng truc moét moment ' Q=-

-

R

pIRe!
74N



1. Ma sat trén 6 dor @

N = 1 R= 1 Q
> — FmS:f'N 1+f2 1+f2
= Phan luc R : ) , 2—»4 f f
R :Fms+N Fms: R: Q:fI-Q
et et

. f - A ,\/\ A ~? 2,
f'= \/17 : hé s& ma sat thay thé frén & do ho.
_|_




1. Ma sat trén 6 dor ®

Hinh 4.11

* Momentmasat: M_.=r.F  =r.f'.Q

} —p p=r.f'

Mpuys = p.R=p.Q

p: bdn kinh vong ma sdt, phu thuéc vao cdu tqo cla o}

_
45



1. Ma sat trén 6 dor @

= Thay thé luc di qua tdm O va moment M b&ng chinh luc (_j
dat cach tGm O mét doan h theo quan hé phQ = M.
Vong tron ma sat (Q p).

> (_j ndm ngoai vong tron ma séat (b >0 ) truc quay nhanh dan.




1. Ma sattréen o do ®
= Thay thé luc di qua tdm O va moment M b&ng chinh luc (_j
dat cach tGm O mét doan h theo quan hé phQ = M.
Vong tron ma sat (Q p).
> (_j ndm ngoai vong tron ma séat (b > P ) truc quay nhanh dan.

> Q tiép xtc véivong tron ma sat (b = p): truc quay déu.




1. Ma sat trén 0 d&
= Thay thé luc di qua tdm O va moment M b&ng chinh luc (_j
dat cach tGm O mét doan h theo quan hé phQ = M.
Vong tron ma sat (Q p).
> (_j ndm ngoai vong tron ma séat (b > P ) truc quay nhanh dan.
> (_j tiép xuc véivong tron ma sat (b = p): truc quay déu.
> Q ndm trong vong tron ma sat (b <p): truc quay cham dén

réi dirng lai du Q — oo

!

Hién twong tw ham trong 6 dé.




2. Ma sat trén 6 chan ©




2. Ma sat trén 6 chan ©

a). Poi v&i 6 chdn con mai:

Hinh 4.13

= Xét hinh vanh khan cé bdan kinh
trong r. bé day dr vdi dién tich
phén 16 ti€p xuc Ia:

dS =2xzrdr

= Ap sudt tai vj tri cdch tam truc
Mot doan r:

_ 0

B ”(rzz - r12)

= Phan 16 luc tédc dung 1én(s:

dN = p.dS = 2Q s-2mrdr = erz
z(ry —n°) (r; —r)

dr




2. Ma sat trén 6 chan @

a). Poi v&i 6 chdn con mai:

Hinh 4.13

= Phan 16 luc ma sat tdc dung 1én dS:

dF, = fdN = f 227 gr
(r; —1°)

= Phan t& moment ma sat do phdan té
lUc ma sat gdy ra:

2
S T L LI LI
(r; —1) (r; —1)

dM

mS

= T6ng moment ma sat frén todn &:

r

r) 2 3 .3
M = [dM e = [ 1 20r1 )dr—grz 1 tQ

2
ms — 2 2 5.2 2
21

£



2. Ma sat trén 6 chan ©

b). Péi v&i 6 chdan da chay mon:

= D6 mon y ti1é thudn vdi dp sudt tiép
xUc p va van téc dai v = wr:
Uu=Kkpor
u A

= Phan bd dp sudt: p:k —
r I

= Phan 16 luc tédc dung 1én(sS:

dN = p.dS :éandr =27 Adr

ry )
S Q = J-dN = J-27Z'Ardr = 27Z'A(r2 _rl)
] n

Q Q
A— _
— 27e(r, — 1) - P 278, — )Y




2. Ma sat trén 6 chan @

b). Péi v&i 6 chdan da chay mon:

M

= T6ng moment ma sat frén todn &:

_h+h

ZfQ



44 Ma sat lan

(Ma sat trén khop cao)



4.5. Ma sat trén
day dai



1. Tinh moment ma sét gitta bédnh dai va day dai (I




1. Tinh moment ma sét gitta banh dai va day dai @

= LUc tac dung Ién doan ddy dai:
+ SUc cdng §i
+ SUc cdng S_é

+ Moment ma sat M ms

+ LUc qudn finh

= Xem bé day day dai rdt nhd so
v3i cdc kich thudc khdc, diéu
kién can bang cla day dai la:

Mis = R(S,=S,)



1. Tinh moment ma sét gitta banh dai va day dai ©

= Theo cdng thuc Euler:

S, =S,e"”

>« Gid thi6t su bién thién sic cang
ms trén hai nhdnh cuda déy dai nhu
nhau Euler:

28
ew+1

fﬂ 1

* Moment ma sat: M, =R(S;-S,) ==> M_. =2RS, eB 1 1,
_|_



1. Tinh moment ma sét gitta bédnh dai va day dai ¥

= N&u k& cd luc qudn tinh cla
ddy dai thi cdng thdc Euler |a:

S, —yv?=(S,—yv?)e”

= Moment ma sat:

|
|

Mps = 2R (SO_VVZ)

y: khoi luong trén 1dved ddy dai.

v . vdn téc cuda ddy dai.

P R A ~? ~ PN ' ~ A S
= Pieu kiEén dé bd truyén dailam viec dudc: v < Voigi han = |
| /4

* Gid fri M . nhd hon Ia gid fri ma bé truyén dai cé thé truyén dugc.

99



2. Cdac bién phap ky thugt tdng khd ndng tdi cua
bd truyén dai @V

= D& tang khd nang ta&i cla bd truyén dai, ta cd thé tang M
bdng cdc bién phdp sau:

> Tang S, —» Luc fac dung lén tfruc tang.

> Tang R =—» BO fruyén cong kénh.

> Tang f:

= Chon vat liéu ddy dai va bdanh dai Id nhdng loai
vat liéu co hé s6 ma sat I8n.

= DUNg dai thang, rdc chdt tang ma sat 1én chd tiép
xuc gida dady dai va bdnh dai.



2. Cdac bién phap ky thugt tdng khd nding tdi cua
bd truyén dai ¥

» Tang géc é6m [3
= Chon chiéu quay sao cho nhdnh cang & dudi, nhdnh

chung & trén.

= Tdng khodng cdch truc, nhung khéng nén qud 18n vi khi
khodng cdch truc I18n thi day dai rung nhiéu va Iadm tang
kich thudc b truyén.

= Chon dudng kinh hai banh dai: dudng kinh hai bdnh dai
khéng dudc chénh l1éch nhau nhiéu (nén chon ti s&

truyén khong 18n qud).

o'l



2. CAc bién phdp ky thudt tdng kha ndng tai cua

bo truyén dai @

» Tang géc é6m [ 3

0—04_

@

bdnh cdng dai

= Dung bénh cding dai: ddy dai bi udn theo hai chiéu nén
mau hu vi madi. Banh cdng dai bao gid cdng bé tri gan
bdnh dai nhd va frén nhdnh chung. 52



