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Chuong 3
MA SAT VA BAI TOAN CAN BANG CUA VAT KHI CO MA SAT

3.1. MA SAT TRUQT VA BAI TOAN CAN BANG CUA VAT KHI CO MA SAT
TRUQT

3.1.1. Ma sat truot va cac tinh chat cia ma sat truot

Thuc tién cho thay bat ky vat nao chuyén dong truot trén bé mit khong
nhin cta vat khac déu xuét hién mot luc can lai su truot ctia vat goi 1a luc ma sat
truot ky hiéu F_. Lam thi nghiém biéu dién trén hinh 3.1. Vat A dat trén mat
truot nim ngang va chiu tic dung cta luc P hop véi phuong thiang ditng mot géc
a. Phan tich P thanh hai thanh phan P, va P, nhu hinh v&. Nhan thdy rang P,
luon ludn can bing véi phan Iuc phdp tuyén N. Con luc P, 1a Iuc can dé ddy vat
A trugt trén mat.

Khi P khong doi ta nhan thay géc o tang thi
P, tang. Trong giai doan dau vat A ding yén tren
mit B. Tur diéu kién can bang clia vat A cho thdy P, \?\ N

bang luc ma sat nhung nguoc chiéu. Néu ti€p tuc

tang gbc a. dén mot tri s6 ¢ thi vat A bat dau truot.
Luc ma sét lic do ciling tién t6i gidi han F . Hinh 3.1

Tri s0 F, = Ntgo (3.1)

O day N = P, 1a phan luc phdp tuyén ctia mit truot. Géc ¢ goi 12 géc ma
sat; tge = f goi 1a hé s6 ma sat. Tir (3.1) ¢6 thé két luan: luc ma sdt trugt luon

luon ciing phuong nhung ngugc chiéu véi chuyén dong truot, ¢6 tri s ty 1é thuan

vGi phan luc phap tuyén (ap luc) cia mat truot.

Heé s6 ma sat f duoc xdc dinh bang thuc nghiém, né phu thuoc vao vat liéu
va tinh chat cua bé mat ti€p xuc. Bang (3-1) cho ta tri s6 ctia hé s6 ma sét truot

doi véi mot vai vat liéu thuong gap
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Bang 3-1

Tén vat liéu Hé s6 ma sat
Da truot trén gob 0,46 + 0,6
GO truot trén gb 0,62

Kim loai truot trén gob 0,62

Dong truot trén gang 0,16

Dong trugt trén sat 0,19

Thép truot trén thép 0,15

Luc ma sat xudt hién trong giai doan vat & trang thai tinh goi 1a ma sat
tinh. Luc ma sat tinh tang tu khong dén tri s6 gi6i han F, = f)N. Luc ma sat xuat
hién trong giai doan vat chuyén dong truot ta goi 12 luc ma sat dong. Trong trang
thdi tinh luc kéo (ddy) vat luon can bing vé6i luc ma sét tinh con trong trang thai
chuyén dong luc kéo (ddy) P, vira phai thing ma sat dong vira phai du mot phan

dé tao ra chuyén dong cuia vat. Néu goi luc ma sat dong cuavat1aF_  thiF_ =

mss
f,N, trong d6 f, goi 1a hé s6 ma sat dong. Qua nhiéu thuc nghiém thay rang luc
ma sat dong thuong nhd hon mot chit so véi ma sat tinh giéi han. Hé s6 ma sat
dong khong nhitng phu thudc vao vat liéu va tinh chat bé mat ti€p xdc cua vat ma
con phu thudc vao van toc truot ctia vat. Trong phan 16n cac truong hgp cho thay
khi van toc tang thi hé s6 ma sat dong giam va nguoc lai. Thi du hé s6 ma sat
dong giita banh dai 1am bing gang vdi day dai phanh bang thép c6 thé xac dinh

theo cong thirc:

_ 1+0,0112v
¢ 140006v

Trong d6 v 1a van téc truot tinh bang km/h con f, = 0,45 khi mat ti€p xuic
kho va f, = 0,25 khi mat ti€p xuc udt.

Trong tinh hoc vi chi xét bai todn can biang nén ma sat phai 12 ma sat tinh.
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3.1.2. Bai toan can bang cua vat khi chiu ma sat truot

Xét vat ran dat trén mat tua (mat truot). Gia thiét vat chiu tdc dung cia cac
luc F, F,, ... F,. Cic luc lién két bao gébm phén Iuc phdp tuyén N; va luc ma sat
F s

Khi vat can bang ta c6 hé luc sau:

, N

(F, R, ... F

2s N, Frg) ~ 0 j=1...s laso bé mat ti€p xuc

Dé vat can bang phai ¢6 cdc phuong trinh can bing nhu da xét & chuong 2.
Ngoai cdc phuong trinh can bang ra dé dam bao vat khong truot phai ¢ cac diéu
kién:

F,; <fN. F,; 1a luc day tong hop.

Trd lai so d6 (3.1) ta thay khi khong c6 truot thi
tga = Fs <f = tgo
N (o]

Ta c6 thé phat bi€u diéu kién khong truot nhu sau:

Diéu kién dé vat khong truot 1a hop luc P tdc dung lén vat nim trong mat
nén c6 géc dinh 2¢ (ta goi nén nay 1a nén ma sat).Khi P ndm trén nén ma sét 1a
ltc sdp xay ra su truot cta vat A.

Thi du 3.1: X4c dinh diéu kién dé
cho vat A c6 trong luong P ndm can bang
trén mat nghiéng so véi phuong ngang mot
gbc B. Hé s06 ma sat tinh 1a f (hinh 3.2)

Bai gidi: Xét vat A nam can bing

trén mat nghiéng dudi tac dung cua céc luc

(P, N, F,) Vi vat c6 xu huéng truot Hinh 3.2
xu6ng nén luc ma sat F . luon luon huéng
ve phia trén nhu hinh V&,

Dé vat can bang phai co:
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(P, N,E )~0 vaFy<fN.

Gia thiét rang vi tri dang xét 1a vi tri giéi han giita can bang va truot thi luc

ma sat F_ = F, = f N. Diéu kién dé hé luc tac dung lén hé vat can bing la:
F, = Ntgf
Mat khéc vi F, < Nf,,. Suy ra tg3 <f,.
Nhu vay diéu kién dé cho vat can bing phai 1a tgff < f,.
Tri s6 cua géc B = B, v6i tagP, = f, chinh bang géc ma sat @.

Thi du 3.2: Gi4 treo vat niang c¢6 so d6 nhu hinh vé 3-3. Vat treo c6 trong
luong P, hé s6 ma st truot tai cidc diém tua A va B 1a f,. Kich thuéc cho theo

hinh vé&. X4c dinh diéu kién can bang cho gia.
Bai giai:
Khao sit su can bing

cta gid. Luc tic dung lén gia

ngoai trong lugng Pcla vat F

A con c6 phan luc phip b

tuyén va luc ma sat ¢ diém

tva AvaBla: N,N', F, F'

Néu khoang cach 1 1a a) b)

khong d6i, diéu kién céan
. ' Hinh 3.3
bang cua gia la:

,N,N', F, F)~0

o!

(

VaF<fN; F <fN'

N

Tai vi tri gi6i han nghia 1a ldc sap x4y ra su truot cta gia trén cic diém tua

ta ¢6 phuong trinh can bang nhu sau:
N-N'=0; (1) F:fON 4)

F+F -P=0 2) F =fN' 3)
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N.h-F.dy, -P=0; 3)

O day d,, 12 khoang céch gidi han cua hai diém twa A va B cho phép ing
v6i lic bat dau truot.

Giai hé phuong trinh trén ta dugc:

N =N F=F; P=2fN;

h=f,d,, + 2f,] hay d,, = fﬂ 221

0

Khoang cach d cang 16n dp luc N cang 16n va ma sat cang 16n, diéu kién

can bang cla gia viét duoc:

h
dy> - -2

Thi du 3.3: Tim diéu kién khong truot cta day dai quan trén banh dai tron
c6 ké dén ma sdt trugt véi he so f, (hinh 3-4) , bo qua tinh dan héi cia day dai.

Bai giai:

Tim diéu kién khong truot cia day dai c6 nghia la tim diéu kién can bang
ctia doan dai AB cua dai dudi tic dung céc luc T,, T, (T, > T,) cédc phan luc
phap tuyén N va cac luc ma sat trugt F phan b6 lién tuc trén cung AB.

Khi day dai sap truot ta xét mot cung nho ED trén day dai. Bén nhéanh chu
dong c6 luc tic dung 1a T + ATcon bén nhdnh
phu dong luc tic dung 12 T. Goi phan luc phap
tuyén lén cung dai nay 12 Nva luc ma sit truot

lén cung nay 1a F ta s& c6 phuong trinh can bang:

- T cos d?e+ (T+dT)cos d_29 -F=0

-N-Tsind—ze-(T-dT):O

Hinh 3.4

Trong d6 F = fN. B6 qua cac vo cung bé
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bac hai tr& 1én ta dugc: F = dT va N = Td0O. Thay gi4 tri trén vao biéu thic F =fN

ta c6 dT = £.T.d6. Tich phan hai v€ tuong ting véi can tit A dé€n B ta duoc

InT

A _te ‘A hay In 2 = f.c
B B T,

a 12 géc chan cung AB goi 12 géc bao cua dai.

Suy ra: T, = T,.e™

Luc kéo bén nhanh cht dong T, cang 16n hon bén nhanh bi dong thi kha
ning truot cang nhiéu do dé diéu kién dé day khong truot phai 1a:

T,<T,.e"

Cong thic nay duoc goi 1a cong thitc Ole

3.2. MA SAT LAN VA BAI TOAN CAN BANG CUA VAT RAN KHI CO MA
SAT LAN

Ma s4t 1an 12 mo6 men can chuyén dong lan cta vat thé nay trén vat thé khéc.

Xét mot con lan hinh tru ban kinh R trong lugng P lan trén mot mat phing
ngang, nho luc Q dat vao truc con lan (xem hinh 3.5). Trong trudng hop nay con
lan chiu tac dung cta cic luc: P, Q, N, F,__. Trong cdc luc d6 hai luc QvaF
tao thanh mot ngau luc c6 tdc dung 1am cho con lan chuyén dong lan. Con lai hai
luc P va Ntrong trudng hop con lin va mit lan 13 ran tuyét d6i thi ching tring
phuong.Trong thuc t€ con lan va mat lan la nhitng vat bi€n dang hai luc P va N
khong trung phuong ludn song song va cach nhau mot khoang cach k. Hai luc
nay tao thanh mot ngau luc c¢é tac dung can lai su lan ctia con lan. M6 men clia
ngiu (P, N) duoc goi 12 mo men ma sat lan. Néu ky hiéu mo men ma sit lan 1a
M, thi M, =kN.

Goi k 1a hé s6 ma sat 1an. Khac véi hé s6 ma sat truot hé s6 ma sat lan k

c6 tht nguyén 1a do dai.
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Heé s6 ma sat lan duoc xdc dinh bang thuc nghiém, né ciing phu thudc vao

tinh chat vat liéu va bé mat lan, khong phu thudc vao luc N. Sau day 1a hé s6 ma

sat lan ciia mot vai vat thuong gap.

Vat lieu He s6 k (cm)
G6 lan trén go 0,05 + 0,08
Thép lan trén thép 0,005

G6 lan trén thép 0,03 =+ 0,04
Con lan thép trén mat thép 0,001

Hinh 3.5
Bai todn can bing cua vat khi ¢6 ma sat lan ngoai diéu kién hé luc tac
dung lén hé ké ca cac phan luc va luc ma sdt can bing con phai thém diéu kién

khong c6 lan bi€u dién boi phuong trinh:

M_>QR

Thi_du 3.4: Tim diéu kién can bang cua con lan
trong luong P, ban kinh R ndm trén mat phang nghiéng mot

goc a.. Cho hé s6 ma sét lan 1a k. (xem hinh 3-6)

Bai giai:

Xét con lan & vi tri can bang. Phan tich P thanh hai Hinh 3.6
luc P, P, nhu hinh vé (3-6).

Ta c6 diéu kién dé con lian khong lan 1a:P,.R = R.P.sina < P,.k = P cosa,
Kk

Hay R.P.sina < P.cosa. tga < R
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Nhu vay diéu kién dé con lan can bang 1a: tga <

| =

Thi du 3.5: Vat hinh tru c6 trong luong P ban kinh R nim trén mat phing
nghiéng mot géc o. Khai tru chiu tdc dung luc ddy Q song song véi mat phang
nghiéng. Tim diéu kién khéi tru diing yén trén mat phang nghiéng va diéu kién dé

n6 lan khong truot 1én phia trén. Hé s6 ma sat 1an 1a k va hé s6 ma sat truot la f.

a) b)

Hinh 3.7
Bai giai:

Diéu kién dé khoi tru can bang trén mat phang nghiéng 12 :

Mait khdc dé khoi tru khong lan (hinh3.7a ) khong truot xuéng phéi cé
thém diéu kién:
M, <k.N; F, .<fN

Nhu vay phai thoa man cac phuong trinh sau:

2X;=Q-Psina +F,  =0; (1)
2Y,=-Pcosa. +N =0; (2)
>m, =PRsina-QR-M . =0 (3)
F_<fN 4)
M_ <kN 5)
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Tit ba phuong trinh dau tim dugc:

N=Pcosaa ; F, =Psina-Q ; M,,=R(Psina-Q)
Thay cac két qua vao hai bat phuong trinh cu6i duoc:
P.sina - Q <f.Pcosa ; R(Psina-Q) < k.Pcosa

Hay: Q > P(sina - f.cosa)

Q = P(sina - %cosoc)
Thuong thi % < f do d6 diéu kién téng quat Ia:
Qs sinao. - K cosa > sina - f.cosa
> - > .

P
Dé vat lan khong truot 1én ( hinh3.7b ) phai ¢6 cdc diéu kién:

22X, = Q-Psina. + F,_, = 0; (1"
2.y, =- Pcosat +N = 0; (2"
>m, =Psina - QR+ M, =0; 3"
F_<fN @)
M, >kN (5)

Bat phuong trinh (4') dam béo cho vat chuyén dong c6 trugt 1én. Con bat
phuong trinh (5') dam bao cho con lan ¢6 kha nang lan 1én trén.

Tt 3 phuong trinh dau ta duoc:

N = Pcosa,; F..=Q-Psina ; M, = R(Q-Psina)

Thay thé vao hai phuong trinh cuoi ta dugc:

Q - Psina < f.P.cosa;

R(Q-Psina) > kPcosa.

Vay diéu kién dé khoi tru lan khong truot Ién trén 1a:
Q

. k .
sio + E cosa < < sino + f cosa..

Diéu nay noi chung c6 thé duoc nghiém vi % thuong nho hon f.s
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