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Chuong 2

LY THUYET VE HE LUC
Trong tinh hoc ¢6 hai bai todn co ban: thu gon hé luc va xdc dinh diéu
kién can bang cta hé luc. Chuong nay gi6i thiéu noi dung ctia hai bai todn co

ban ndi trén.
2.1 PAC TRUNG HINH HOC CO BAN CUA HE LUC

Heé luc c6 hai dac trung hinh hoc co ban 1a véc to chinh va moé men chinh.

2.1.1. Véc to chinh
Xét hé luc (R, F,,..F,) tdc dung lén vat ran (hinh 2.1a).

Véc to chinh ctia hé luc 1a véc to tong hinh hoc cdc véc to bi€u dién cic

luc trong hé (hinh 2.1b)

Hinh 2.1

[

R=FR+FKR+..F =DF (2-1)
=

N

Hinh chiéu véc to R lén céc truc toa do oxyz duoc xdc dinh qua hinh chiéu

cac luc trong hé:

n
Ry=X; + X +.+ X, = D Xj;
i
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- n
Ry=y,+y,+.+y,=>Y;
)

n
R,=z,+2,+..+2,= D Z.
)

Tir d6 ¢6 thé xac dinh do 16n, phuong, chiéu véc to chinh theo céc bi€u

thuc sau:

R = |R%+R% +R% ;
cos(R.X) = Rx. cos(R.Y) = 1Y cos(R.Z) = Rz |
R R R

Véc to chinh 1a mot véc to tu do.

2.1.2. M6 men chinh cua hé luc

Véc to6 mo men chinh ctia hé luc doi v6i tam O 12 véc to tdng cua céc véc
to mo6 men céac luc trong hé l1ay doi v6i tam O (hinh 2.2). Néu ky hiéu mo6 men

chinh1la M tacé

M, =_an0(?1) (2 -2)

Hinh 2.2

Hinh chi€u clia véc to mo men chinh M trén cdc truc toa do oxyz duogc

xac dinh qua mo6 men céc luc trong hé 1ay doi véi cac truc do:
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MX = mx( r:l) + mx( r:2) +..+ mx( IH:n ) = me(r:l)7
H

My = my( |E1) + my( ﬁz) +...+ my( r:n )= imy( ﬁi);
M, = m,(F) + my(F,) +... +m(F, ) = imz(ﬁi).

Gia tri va phuong chiéu véc to mo men chinh duoc xdc dinh theo cac bi€u

thac sau:

Mo= \/M2x+M2y+M22

<

M
cos(M,,x) = MX : cos(M,,y) = My : cos(M,,z) = mz )

0 0 0

Khéc véi véc to chinh R véc to mo6 men chinh M 1a véc to budc né phu
thudc vao tam O. Néi cach khac véc to chinh 1a mot dai Iugng bat bién con véc

to mo men chinh 1a dai luong bién déi theo tam thu gon O.

2.2. THU GON HE LUC

Thu gon hé Iuc 1a dua hé luc vé dang don gian hon. D€ thuc hién thu gon

hé luc truée hét dua vao dinh 1y roi luc song song trinh bay dudi day.

2.2.1. Pinh 1y 2.1 : Tac dung cia luc 1én vat rin s& khong thay d6i néu ta

101 song song no t6i mot diém dat khdc trén vat va thém vao dé mot ngau luc phu

Hinh 2.3
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c6 mo6 men bing mo men cua luc di cho 1ay doi véi diém can roi dén.

Ching minh: Xét vat ran chiu tic dung luc F dat tai A. Tai diém B trén vat
dat them mot cap luc can bang (F', F")

trong d6 F' = F con F" = - F. (xem
hinh 2.3).

Theo tién dé 2 c6: F ~ (F, E', E").

Heé ba luc (F, F', F") ¢6 hai luc (F, F") tao thanh mot ngau luc ¢6 mo
men m = Myz(F) (theo dinh nghia m6 men ctia ngau luc).
Ta da chitng minh duoc F ~ F' + ngau luc (F, F")
2.2.2 Thu gon hé luc bat ky vé mot tam

a. Pinh 1y 2.2: Hé luc bat ky luon ludn tuong duong véi mot luc bang véc
to chinh dat tai diém O chon tuy y va mot ngiu luc ¢c6 moé men bing moé men
chinh ctia hé luc doi véi tam O do.

Chiing minh: Cho hé luc bat ky (F,, F,,...,F,) tdc dung lén vat ran. Chon
diém O tuy y trén vat, 4p dung dinh 1y r6i luc song song dua cdc luc cua hé vé
dat tai O. Két qua cho ta hé luc (R, F,,...,F, ), dat tai O vd mot hé cdc ngau luc
phucémémenla m,=m(F), m,=m(F),.. m, = m(F,) (hinh 2.4).

Hop timg doi luc nho tién dé 3 ¢6 thé dua he luc (R, F,....F, ), vé tuong
duong v6i mot luc R.

Cu thé co:

. _ - - . M=M
(FR,FR)~R,trongdé R, =F +F,

(R,F;)~ R, trong d6 R, =R, + F; =
F+F+ F,

(Fﬁ2 (n-1),r:n )~ R
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1

trong d6 R= R, +F,=

i E

Hop luc R cta cdc luc dat tai O 1a véc to chinh R, ctia hé luc.

Cac nglu luc phu ciing c6 thé thay thé bang mot ngiu luc tong hop theo

céach 1an luot hop timg doi ngu luc nhu da trinh bay & chuwong 1. Ngiu luc tong

hop ctia hé ngau lyc phu ¢c6 moé men M, = Y i (F;). Pay 1a mo men chinh cta
i

hé luc da cho d6i véi tam O

Theo dinh 1y 2.2, trong trudng hop téng quat khi thu gon hé luc vé tam O
bat ky ta dugc mot véc to chinh va mot moé men chinh. Véc to chinh bing téng
hinh hoc céc luc trong hé va 1a mot dai luong khong doi con mo men chinh béng
téng mo men cdc luc trong hé 14y doi v6i tam thu gon va la dai luong bién doi

theo tam thu gon.
Dé xac dinh quy luat bién d6i cia mo6 men chinh d6i vé6i cdc tam thu gon
khac nhau ta thuc hién thu gon hé luc vé hai tam O va O, bat ky (hinh 2.4a).
Thuc hién thu gon hé vé tam O ta
dugc R,va M.
Trén vat ta lay mot tam O, khac O

sau d6 roi luc R, vé O, ta duogc

R,~R, +ngauluc(R,, R",).

Suy ra (R, M) ~ R, + ngau luc Hinh 2.4a
(R,, R'yD+ M,
Néu thu gon hé vé O, ta dugc M, va R,
Diéu tat nhién phai c6 1a :
I\7|o)~(§o1 "\7'01 )

Thay két qua chiing minh & trén ta co:

Tim kiém & download ebook: bookilook.com



Thuviendientu.org
Béch Khoa Onling® hutonline.net
)~Ry +(Ry, R + M~ (R, +M,)
hay Mg, ~ M, + (R, R'y) (2.3)
Ngéu luc (R, Ry)c6é mé men M'=m,, (R,)

Két luan: Khi thay déi tam thu gon véc to mo men chinh thay déi mot dai

luong M' bang mo6 men ctia véc to chinh dat & tam trude 1ay déi vdi tam sau.
2.2.3. Cac dang chuan cua hé luc

Két qua thu gon hé luc vé mot tAm c¢6 thé x4y ra 6 trudong hop sau
2.2.3.1. Véc to chinh va moé men chinh déu bang khong

R=0; M,=0

Hé luc khao sét can bang.
2.2.3.2. Véc to chinh bang khéng con mo men chinh khdc khong

R =0; M,#0

Hé luc twong duong véi mot ngau luc ¢6 mo men bang mo men chinh.
2.2.3.3. Véc to chinh khdc khong con mo men chinh bang khong

R#0; M, =0
Heé ¢6 mot hop luc bang véc to chinh.

2.2.3.4. Véc to chinh va mé men chinh déu khdc khong nhung vuéng goc véi
nhau (hinh 2.5)

R#0;M,=0vaR LM,
Trong trudng hop nay thay th€ moé men chinh M _ bang ngiu luc (R', R")
vGi diéu kién:

—

R'=R;R"=-RvaM,=my(R")
M
\b
_ I -
R N Ro

~—~ 1 mn! PURY T \
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Tac6(R,M )~(R,R",R").

Theo tién d€ 1 R, va R" can bang do d6 c6 thé bét di va cudi cling hé con
lai mot luc bang véc to chinh nhung dit tai O,. N6i khac di hé ¢6 mot hop luc dat
tai O,.

2.2.3.5. Hai véc to chinh va mé men chinh khdc khong nhung song song voi
nhau (hinh 2.6).

R,20; M #0va R // M,

Trong truong hop nay néu thay M, bing mot ngau luc (P P') mat phang

clia ngdu nay vuong gic véi véc to chinh R.

Hé duoc goi 1a hé vit dong luc. Néu véc to R song song cung chiéu véi
véc to M hé goi 1a hé vit dong luc thuan (phai) va nguoc lai goi 1a hé vit dong
luc nghich (trai). Hinh 2.6 biéu dién vit dong luc thuan
2.2.3.6. Hai véc to chinh va moé men chinh khdc khong va hop luc voi nhau
mot goc @ bt ky (hinh 2.7)

Truong hop nay néu thay thé
véc to M biang mot ngau luc (P P ")
trong d6 cOluc P dat tai O con luc
P' dat tai O, sao cho m(P) = M.

R rang mat phang tic dung cla

ngau luc (P P ') khong vuong gdéc véi

R .. Mit khac tai O c6 thé hop hai

luc Pva R, thanh mot luc R'. Nhu Hinh 2.7
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vay da dua hé vé tuong duong vdi hai luc P', R ' hai luc nay chéo nhau.

2.2.4. Dinh ly Va ri nhong

7

Dinh 1¥: Khi hé Iuc ¢6 hop luc R thi m6 men clia R ddi v6i mot tam hay

mot truc ndo d6 bing tdng mod men cua cdc luc trong hé 1ay doi véi tam hay truc

m(R)= Y m(F) (2.4)

Chitng minh: Cho hé luc (F, F,,...,F,)

tdc dung Ién vat ran. Goi R 1a hop luc clia hé
(hinh 2.8).

Tai diém C trén dudng tic dung cia

hop luc R dat thém luc R' = - R .Hé luc da
cho cling v6i R' tao thanh mot hé luc can

bang:

(r:]_, r:2,... '_:.n,+ﬁ')~0

Hinh 2.8

Khi thu gon hé luc nay vé mot tam O bat ky ta dugc mot véc to chinh va

mot mo men chinh. Céc véc to nay bang khong vi hé can bang, ta c6:

Chiéu phuong trinh trén 1én truc oz s€ dugc:
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m,(R)= Ym,(F)

Dinh ly da dugc chitng minh
2.2.5. Két qua thu gon cac hé luc dac biét

2.2.5.1. Hé luc dong quy

Heé luc dong quy la hé luc c¢6 dudng tac dung cua cac luc giao nhau tai mot
diém. Trong trudng hop hé luc déng quy néu chon tam thu gon 12 di€ém déng quy
két qua thu gon s& cho véc to chinh diing bang hop luc con mo6 men chinh sé
bang khong.

R,#0, M,=0 v6iO la diém déng quy.

2.2.5.2. Hé ngau luc
Néu hé chi bao gobm cac ngau luc, khi thu gon hé sé dugc mot ngau luc

téng hop c6 moé men diing bing moé men chinh ctia hé.

n
M= >m;; m;lamoémen changau lyc thiti va n 1a s6 ngau luc cta hé.
i=1

2.2.5.3. Hé luc phdng

Heé luc phang 1 hé c6 céc luc cliing nim trong mot mat phang.

Néu chon tam thu gon nim trong mat phiang cta hé thi két qua thu gon
van cho ta mot mo men chinh M, va véc to chinh R .. Véc to chinh R nam trong
mat phing clia hé con moé men chinh M, vuong géc v6i mat phang ctia hé. Theo
két qua thu gon & dang chudn ta thay: hé luc phang khi c6 véc to chinh R vd mo
men chinh M, khic khong bao gid ciing c6 mot hop luc nim trong mat phang
cta hé.

2.2.54. Hé luc song song
Heé luc song song 1a hé luc c6 duong tic dung song song véi nhau.
Két qua thu gon vé mot tam bat ky cho ta mot véc to chinh R va mot mo

men chinh M, . Véc to chinh c6 dic diém song song véi cdc luc cua heé.
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2.3. PIEU KIEN CAN BANG VA PHUGNG TRINH CAN BANG CUA HE LUC

2.3.1. Diéu kién can bang va phuong trinh can bang cua hé luc bat ky trong
khong gian
2.3.1.1. Diéu kién cdn bang

Diéu kién can bang cua hé luc bat ky trong khong gian 1a véc to chinh va

mo men chinh ctia né khi thu gon vé€ mot tam bat ky déu bang khong.

R =YF,=0
i

T

M,= Ym,(F)=0 2-5)
T
2.3.1.2. Phuong trinh cdn bdng
Néu goi R, R, R, va M,, M, M, la hinh chi€u cta cdc véc to chinh va mo
men chinh 1én céc truc toa do oxyz thi diéu kién (2-5) c6 thé biéu dién bing cic
phuong trinh dai s6 goi 1a phuong trinh can bang cua hé luc bat ky trong khong

gian. Ta c6:

R,=YX, =0, R,=YY,=0, R,=37=0
= = H

M, = Ym(F)=0, M,=Ym(F)=0, M,= Ym(F)=0. (2-6)

Trong cac phuong trinh trén X,, Y,, Z. 1a thanh phan hinh chiéu cua luc F;;
m,(F)), m(F;), m,(F) la mé men cua céc luc F; d6i v6i cdc truc clia hé toa do
oxyz. Ba phuong trinh dau goi 1a ba phuong trinh hinh chi€u con 3 phuong trinh
sau goi la 3 phuong trinh mo6 men.

2.3.2. Phuong trinh can bang cua cac hé luc dac biét
2.3.2.1 Hé luc dong quy

Néu chon tam thu gon 12 diém dong quy O thi mo men chinh M s& béng
khong do d6 3 phuong trinh mo6 men ludn luon tu nghiém. Vay phuong trinh can

bing cua hé luc déng quy chi con:
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R, =YX =0
=

R,=>Y,=0 (2-7)
=)

R,= Y7 =0
H

2.3.2.2. Hé ngau luc
Khi thu gon hé ngiu luc vé mot tam ta thay ngay véc to chinh R , = 0 diéu
d6 c6 nghia cac phuong trinh hinh chi€u lu6n luén ty nghiém. Phuong trinh can

bang cuia hé ngau luc chi con lai ba phuong trinh mo6 men sau:
n - n
Mx = me( Fl) = Zmix = 0’
H =

M, = imy('éi) = aniy =0, (2-8)

=]
M, = Ym,(F) = Ym, = 0.
=) =)

O day m., m, , m. 12 hinh chi€u lén cic truc hé toa do oxyz ctua véc to mo

x> iy

men M, clia ngau luc thit i.

2.3.2.3. Hé luc song song

Chon hé toa do oxyz sao cho oz song song véi cac luc. Khi d6 c4dc hinh

chi€u R, R, ctia véc to chinh va M, cia m6 men chinh lu6n luén bing khong.

Vi vay phuong trinh can bang ctia hé luc song song chi con lai ba phuong

trinh sau:
R,=>7Z,=0;
=
M, = >m(F)=0; (2-9)
=
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M, =>m(F)=0
i<
Trong d6 phuong trinh dau la phuong trinh hinh chi€u con hai phuong
trinh cudi la phuong trinh mo6 men.

2.3.2.4. H¢ luc phdng

Can luu y ring trong hé luc phing véc to chinh R va moé men chinh M
luon ludén vuong géc véi nhau, nghia 12 hé luc phang luon luon c6 hop luc R
nam trong mat phang clia hé da cho. Dé dam bdo diéu kién hop luc clia hé bang
khong tic 1a diéu kién can bing ctia hé ta c6 thé viét phuong trinh can bang duéi

3 dang khac nhau.
1. Dang hai phuong trinh hinh chi€u mot phuong trinh mé men:

D¢ hé luc can bing ciing nhu cdc trudng hgp khéc phai c6 R =0 va M, =

0. Néu chon hé toa do oxy 12 mit phiang chia céc luc clia hé ta thdy ngay cic

phuong trinh R, = > z = 0; M, = > m(F) =0 va M, = > m(F) = 0 la lu6n luén
i =) i

tu nghiém vi vay phuong trinh can bang chi con :

R, = iXi =0;
i=

R, = ZYi =0; (2-10)
i

M, = Ym,(F).

Hai phuong trinh dau 1a phuong trinh hinh chi€u con phuong trinh thit ba

12 phuong trinh mo men. Céan chd ¥ vi c4c luc cling ndm trong mat phang oxy do

n
do M, _ > m,(F)) chinh 1a tong m6 men dai s6 clia cic luc déi véi tam O.
7]

M, =Y+ mF)
i<
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2. Dang mot phuong trinh hinh chi€u va hai phuong trinh mé men

Diéu kién hop luc R cta hé biang khong c6 thé biéu dién bang ba phuong

trinh sau day:

R,=> X;=0;
T
M, = ”Z: + m,(F) =0; (2-11)
)

My= Y + my(F) =0
=)

Véi diéu kién truc x khong vuong géc véi AB.

That vay tir phuong trinh (1) cho thdy hop luc R cua hé luc bang khong

hoac vuong goc véi truc x.

Theo dinh 1y Va ri nhong ,tir phuong trinh (2) ta thdy hop luc R hoic
bang khong hoac di qua A.

Tir phuong trinh (3) ta ciing thdy hop luc R cua hé bang khong hoac di
qua B.

Két hop ca ba phuong trinh ta thay hop luc cua hé hoac bang khong hoac
phai di qua hai diém A,B va vuong géc véi truc x (khong vuong goc véi AB).
Diéu kién hop luc vira qua A, B va vira vuong gdéc véi truc x 1a khong thuc hién
dugc vi trai vai gia thiét.

Nhu vay néu hé thoa man phuong trinh (2-11) thi hop luc cha né s€ bang
khong nghia 1a hé luc can bang.

3. Dang ba phuong trinh mo6 men d6i véi 3 diém

Ngoai hai dang phuong trinh can bing trén hé luc phang con cé phuong

trinh can biang theo dang sau:

M, =Y +m,(F) =0
i
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M, = Y my(F) =0 (2-12)

Mc= Y #my(F) =0
=]

Vé6i diéu kién A, B, C khong thiang hang.

That vay, néu hé luc phang thod man phuong trinh M, = >4m,(F) = 0 thi
theo dinh 1y Va ri nhong hop luc ctia hé s€ bang khong hoac di qua A. Ciing 1y
luan tuong tu ta thdy dé€ thoa man Mg = 0 va M, = 0 thi hop luc phai bing khong
hoac phai di qua B, di qua C.

Vi chon 3 diém A, B, C khong thing hang nén diéu kién dé hop luc qua 3
diém 1a khong thuc hién dugc. Chi ¢6 thé hop luc bing khong, ¢6 nghia 1a néu
thod man hé ba phuong trinh (2-12) hé luc phang cho s& can bing.

2.4. BAI TOAN CAN BANG CUA VAT RAN

Vat rin can béang khi hé luc tic dung 1én né bao gébm cac luc da cho va
phan luc lién két can bang.

Khi giai bai todn can bing cua vat ran c6 thé 4p dung phuong phép giai
tich hodc phuong phdp hinh hoc nhung pho bién va ¢6 hiéu qua nhét 1a phuong
phdp giai tich.

Giai bai todn can bang cua vat thudng tién hanh theo cac budc sau:

1. Chon vat khao sat: vat khdo sat phai 1a vat rdn ma su can bang cua nd
can thiét cho yéu cau xac dinh cta bai todan. Néu nhu bai todn tim phan luc lién
két thi vat khao sat phai la vat chiu tdc dung ctia phan luc lién két can tim, néu la
bai todn tim diéu kién can bang ctia vat thi vat khao sit phai chinh 1a vat do.

2. Giai phéng vat khao sat khoi lién két va xem d6 la vat tu do dudi tac
dung ctia cac luc da cho va phan luc lién két.

3. Thiét lap diéu kién can bang cua vat boi cdc phuong trinh can bang cua

hé luc tac dung 1én vat khao sat bao gom céc luc cho va phan luc lién két.
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4. Giai hé phuong trinh can bang dé xéac dinh tri s6 va phuong chiéu cta
cac phan luc lién két hodc thiét 1ap moi quan hé giita cdc luc dé dam bao diéu

kién can biang cho vat khao st .
5. Nhan xét cac két qua thu dugc.

Can chi y rang chiéu cia céc phan luc thuong chua duge xdc dinh vi thé
lic ddu phai tu chon chiéu. Dua vao két qua giai hé phuong trinh can bang ta ¢6
thé xac dinh chiéu clia céc phan luc chon ding hay sai. Néu cdc phan luc lién
két cho tri s6 duong thi chiéu chon 1a ding va néu tri s6 am thi chiéu phai dao lai
. Mat khéc cling can luu y rang bai todn c6 truong hop giai duoc (bai todn tinh
dinh) khi s6 4n s6 can xdc dinh nho hon hoéc bing s6 phuong trinh can bing. C6
truong hop khong giai duoc (bai todn siéu tinh) khi 4n s6 cin tim I6n hon so
phuong trinh can bang.

Thi du 2.1. Cot dién OA chon thiang ditng trén mat dat va dugc gitt boi hai
soi day AB va AD hop véi cot dien mot goc oo = 30° (xem hinh 2-8a) Géc giita
mat phang AOD va mat phang AOB 1a ¢ = 60°. Tai diu A cia cot dién c6 hai
nhanh day dién mac song song vdi truc ox va oy. Cac nhanh day nay cé luc kéo

1a P, va P, nhu hinh v&. Cho biét P, = P, = P = 100kN.

Xéc dinh luc tdc dung doc trong cot dién va trong cic day cang AD, AB.

Bai giai:
z
Chon vat khao sat 1a dau A cua cot dién. R,
. P,
Lien két dat lén ddu A 1a hai soi day Fu
AB, AD va phan cot dién con lai. ;
Z R,
Goi phan luc lién két trong day AB la & R
i 2
R,, trong day AD 1a R, va lyc doc cot 1a R, §
v6i chiéu chon nhu hinh vé 2-8. Khi gidi 0) 5 Wgy
phong diém A khoi lién két diém A s€ chiu tac . .
dung cua cac luc P,, P, va cac phan luc R|R, e
Hinh 2.8a
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R ;. Diéu kién d€ ddu A can bing 1a hé 5 luc tdc dung 1én né can bang. Ta c6:

(P,, P,, R, R,, R3) ~ 0. Hé luc nay dong quy tai A do d6 phuong trinh

can bang thiét 1ap theo phuong trinh (2.7)

Dé tranh nham 14n ta 1ap bang (2-1) hinh chiéu céc luc 1én 3 truc cta hé

toa do oxyz nhu sau:

Bang 2-1
F, P, P, R, R, R,
X, 0 -P 0 R,sinasing | 0
Yi -P 0 R;sina R,sinacosg | 9
2y 0 0 -Rcosa -R,cosa. R,

Phuong trinh can bang viét dugc:

2 Xi =- P+ Rysinasing = 0; (a)
2Yi=-P+R,sina + R,sinacosp = 0 (b)
27Zi= -R,cosa - R,cosa+ Ry =0 (c)

Hé 3 phuong trinh trén chita 3 4n s6 R, R,, R; nén bai toén 1a tinh dinh.
Giai hé phuong trinh trén duoc:

1—f:otg<p 'R, = L; R; =P cotga(1-cotgp + .i);
Sina SInoe

R, =P —
sinasing

Thay cac tri sO cua o, va P ta nhan duoc:
R, = 85kN; R, =231 kN; R; = 273kN.
Két qua déu duong nén chiéu cac phan luc chon Ia ding.

Thi du 2.2: Mot xe 3 banh ABC dat trén mot mét dudng nhdn nam ngang.

Tam giac ABC can c6 diy AB = 1m, duong cao OC = 1,5m, trong luong ctia xe

la P KN dat tai trong tam G trén doan OC cach O 1a 0,5m. Tim phan luc ctia mat

duong 1én cic banh xe (xem hinh 2-9)
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Bai giai:
Khéo sit su can bang cua xe.
Giai phong xe khoi mat dudong va

thay bang cdc phan luc ctia mat dat

L N ¢
lén cac banh xe la N, N, N.
Vi xe dat trén mat nhan nén R
cac phan luc nay c6 phuong vuong N C y
A
gbc v6i mat duong.
2 s N 2,0 A
Xe O trang thai can bang duéi
tdc dung cta 4 luc P, N, Ny, N
X Hinh 2.9

H¢ 4 luc nay 1a h¢ luc song song.

Néu chon hé toa do oxyz nhu hinh v& phuong trinh can bang cua hé luc

trén theo (2-9) c6 dang:

37 =N, +Nz+N.-P=0 (a)
>mF,) =-P.0,5 + N.1,5=0 (b)
>m,(F) = - N,.0,5 + N;.0,5=0 (©)

Hé¢ ba phuong trinh trén chita 3 4n s6 N,, N, N nén bai todn 1 tinh
dinh.
Giai phuong trinh trén xac dinh duoc:
N,=Ny;=N.=P/3 kN
Két qua cho cic gia tri duong nén chi€u phan luc huéng 1én Ia ding.
Thi du 2.3: Xa AB duoc giit
nam ngang nhd lién két nhu hinh vé
(2.10). Tai A c6 khép ban 1&€ c6 9\
M
dinh. Tai C dugc treo bai day CD A ﬁ H E a C S
;2 2

dat xién mot géc a. so v6i xa. Tai B i 1 1
5 vG@G
c6 day kéo thang dung nho trong
Hinh 2.10

Tim kiém & download ebook: bookilook.com



Thuviendientu.org

Bach Khoa Onlin_es,:%_utonline.net

vat P buoc ¢ dau day vit qua rong roc.

Xa ¢6 trong luong G dit tai giita, chiu mot ngau luc ndm trong mat phang
hinh vé& va ¢c6 m6 men M. Poan dim AE chiu luc phan b6 déu cé cuong do q.

Xac dinh phan luc tai A, trong sgi day CD cho biét G = 10kN, P = 5kN, M
= 8 kNm; q = 0,5 kN/m; o = 30°. C4c kich thudc cho trén hinh ve.

Bai giai:

Chon vat khao sat 1a xa AB. Giai phong lién két dat 1én xa ta co:

Lién két tai A duoc thay thé bang phan luc R , nim trong mat phang hinh
vé. Lién két tai C dugc thay thé bang luc cang T hudng doc theo day. Lién két tai
B thay bang luc ciang ding bang P nhung c6 chiéu hudng 1én trén. Chiéu cua R
va T chon nhu hinh v&. Nhu vay xa AB & trang thdi can biang dudi tic dung cia
ciac luc (G, M, R, T, P), cdc luc nay nam trong mat phang thang ding tic 12
mat phang hinh v& (hé luc phang ). Chon hé toa do Axy nhu hinh vé& va lap
phuong trinh can bang dang (2-10) duoc:

>X, =X, - Tcos30" (a)

Y, =Y,-Q-G+Tcos60°+ P =0; (b)

>m,(F)=-Q.1-G.3+T4sin30°-M+6P=0. (c)

Trong cdc phuong trinh trén
Q = 2q la téng hop luc phan b6 déu vy .
dat tai diém giita AE.

500 B, A5
DO S T

Ba phuong trinh trén chia 3 A X AvQ o C /\M _________ X
in s6 X,, Y, va T do d6 bai todn la 4‘ | 5 | L
tinh dinh. \fe

Giai hé phuong trinh trén ta Hinh 2.11
duoc:

T= Q1+G.3+M-p.6 _ 1.1+10.3+8-5.6 _ 45 KN:

4.sin30° 4.05
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X, = Tcos30° = 4,5.0,866 = 3,90kN;
Y, =Q+G-T cos60’-P=1+10-4,5.0,5-5=3,75,kN

K&t qua cho céc tri s6 cia T, X,, Y, déu duong do d6 chiéu chon ban dau
la dung.

Thi du 2.4: Truc truyén nam ngang dat trén hai g6i d& ban 1€ cd dinh A va
B (xem hinh v€ 2-12). Truc nhan
chuyén dong quay tr day dai dan
dén banh dai C c6 ban kinh r, = 20
cm va dé nang trong vat P budc vao
dau day cdp vat qua rong roc K va
cuon trén trong toi cé ban kinh r, =
15cm. Cho biét hai nhanh day dai

c6 phuong song song véi truc oy va

cO luc cang T, va T, v61 T; = 2T,;
Trong vat P= 180kN; a = 40cm; b =

Hinh 2.12

60cm va a. = 30°. X4c dinh phan luc
tai hai goi d6 A va B.

Bai giai:

Chon vat khao sat la truc BC.

Lién két lén truc 1a cdc 6 dd A, B. C4c luc tdc dung chola T, T, va F .
Luc F tac dung doc theo day cdp co tri s6 bang P. Vi cdc 6 d& 1a khép ban 1€ c6
dinh nén phan luc lién két tai A va B ¢6 hai thanh phan theo truc oy va oz. Giai
phéng lién két dat 1én truc va thay bang cdc phan luc lién két khi d6 truc AC chiu
tdc dong cua cac luc: T, T,, F, R,, Ry . Cidc luc ndy phan bo bat ky trong
khong gian. Phuong trinh can bing cta hé luc thiét 1ap theo (2- 6). Dé tranh
nham 1an ta 1ap bang hinh chi€u va m6 men cta hé luc do6i véi céac truc toa do

(bang 2-2)
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Bang 2-2

3 F 7 7, R . R,

X, 0 0 0 0 0

Z, _Fsina. 45 0 N Zyg

m,(F) Fr, 0 -Tor, 0 0

my(F) EsinaLb T, 0 0 -Zx(a+b)
m,(F) Fcosab 0 -T,a 0 Y ,(a+b)

-T,.a

Céc phuong trinh can bang thiét 1ap duoc:
2Yi=Pcosa+ T+T, + Y, + Yz =0;
>7Zi= Fsino +Z, + Zz=0;

>Mx =F.r,+ T, - T,r, = 0;

2>My = Fsina..b - Zy(a+b) = 0;

2Mz = Fcosa.b - T,a- T,a + Yy(a+b) = 0;

Hé 5 phuong trinh trén chita 5 an s6 12 Yy, Z,, Y3, Zg va T, nén bai toan 1a
tinh dinh.

Giai hé phuong trinh trén tim dugc:
T,= 22 1%’%: 135kN ; T, = 2T, = 270 kN;
r

_ bPsino. _ 60.180.05

Zg = = 54 kN;
a+b 40+ 60
3
a.3T, — Pbcos 40.3.135-180.60."—
YB = 2 (0 _ 2 69 kN
a+b 40 + 60
V3

Y, = Peosor-3T, - Yy =-180. 7% -3.135- 69 = -630KN

Z, =Psina - Z; = 180. 0,5 - 54 = 36kN.
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Trong céc két qua tim duoc chi ¢6 gid tri Y, mang ddu am do d6 chiéu cua
né ngugc véi chiéu da chon.
Thi du 2.5: Cho hé hai dam

AB va BE noi bang khép ban 1€
tai B (xem hinh vé 2-13). Trong

lugng ctia dam AB la Q dat 6 giita
AB. Trong lugng cua dam BE 1a P A C
dat & gitta BE. Tai ddu A ¢6 khép /N I yaN

ban 1€ c6 dinh, con tai cic diém

B

\S

Q

C, D 1a cac diém tua nhon.

Xac dinh phan luc tai cac Hinh 2.13

goi d5 A va cdc diém twa CD.

Cho P = 40kN, Q = 20kN: CB = % AB: DE = % BE: o = 45°.

Bai giai: Can luu y rang day 1a bai todn can bang ctia hé vat. V& nguyén
tac khi giai bai todn thuoc loai nay phai tich riéng timg vat dé xét. Trén hé vat
can phan biét hai loai vat chinh va vat phu. Vat chinh 1a vat khi tidch ra c6 thé
diing vitng dugc. Vat phu 1a vat khi tdch ra khong thé ding vitng duoc. Ta xét vat
phu truéc sau d6 xét vat chinh sau. Cling can chd y thém khi tach vat tai cac
khdp noéi sé duoc thay thé€ bang cic luc tic dung twong hd, cdc luc ndy clng
phuong cung tri s6 nhung nguoc chiéu.

Dai véi bai toan trén, hé gom hai dam trong d6 AB l1a dam chinh con BE
1a dam phu. Tach BE dé xét. Tai khGp néi ¢6 phan luc lien két Ry (luc tic dung
twong hd clia dim chinh lén ddm BE). Phan luc Ry nim trong mat phang thang
ding ( mat phang hinh v&) va c6 hai thanh phan X; va Yy ( xem hinh 2-14). Giai
phoéng lién két tai D thay vao do bang phan luc N, (N vuong géc BE. Dam BE
chiu tac dung ctia céc luc P, Np, R 5. Hé luc nay cing nim trong mat phang oxy

do d6 phuong trinh can bang viét duoc:

2. X, = X5 - Npsina = 0;
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Np E
2Y,,=Yg- P+ Npcosa =0;
% D
>mg(F)) = NDE a-P. Lcosa =0. ’ 5
3 2 P
B
Gai hé phuong trinh trén tim dugc: X5
N, = 3Peosa = 2.40. Y2 x21 2 kN: Hinh 2.14
4 4 2
A
3. 3 _ Ya
Xp = gP sin2o =§.40.1= 15kN; . Xy .

Y, = P(1- %coszoc)= 40(1-% %): 25kN.

A 9 l
Q Y

Hinh 2.15

Gi4 tri cac phan luc déu duong di€u nay

chiing t6 chi€u ctia ching nhu da chon la ding.

Tiép theo xét dén dam chinh AB. Giai phong cac lién két dam sé & trang

thdi can bang dudi tac dung clia hé luc: Q, - Ry, R 5, N Céc luc nay cliing nim

trong mat phang oxy. ( xem hinh 2.15)

Phuong trinh can bang ctia hé luc viét duoc:

>X, =X, - X'y =0;

Sm,(F) =- Y'5b + Ne %b -Q. gz 0;

2b b b
F)=-Y,.— +Q=-Y. —=0;
2m(F) AT Q6 B 3

Trong d6 X'y = X, Y'z = Y nhung c¢6 chiéu nguoc lai.
Giai hé 3 phuong trinh trén tim dugc:
X, = X = 15kN;

1 1
YA= ZQ - EYB: '7,5kN;

Y.= %Q + gYB= 52.5kN.

Két qua cho gid tri cia Y, mang ddu am c6 nghia chiéu Y, chon la sai

phai dao lai.
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