Bdi gidng mdén Cd ly thuyét Hoc ky 2, ndm hoc 2012-2013

Chuong 2
Thu Gon Hé Luc

Phuong Trinh Can Bdng Cla Hé Luc

Noi dung:

Chuong nay dua ra cdc dang thu gon tuong duong ciia hé luc, nhitng diéu kién cin
bing ctia hé luc 1am co sé d€ ddnh gid tic dung cda ching va gidi bai todn cAn bing
ctia vatran, hé vatrin.

£1. HAI PAI LUONG PAC TRUNG CUA HE LUC:
1.1. Vector chinh cua hé lvc:
o Dinh nghia:
Vector chinh cua hé luc 1a vector tu do (ﬁ ’) bing t67ng cac vector luc thudc hé:
¢(Fy): R’=2 F, (2.1)
o Phuong phap xac dinh:
a. Hinh hoc: Vectd déng kin da gidc luc.
b. Giai tich :
R(X,Y’,Z)< X'=3F; Y= Py ; Z’=3F, (2.2)

1.2. Vector moment chinh cua hé lyc doi véi mét tam:
o 2.1 Dinh nghia:

Vector moment chinh cta hé luc doi v6i tim O (M o) cua hé lyc bing téng cac vector
moment ctia lyc thudc hé 1ay cing doi véi tim do.
M)=3 mo (Fy)
(2.3)
o Phuong phap xac dinh:
Dung (1.2) chiing ta nhan dudgc:

—_

M, =2(Zyx— Yizp) 1 + Z(Xizi — Zixx) ] +2(Yixg — Xiyn k
(2.4)

Trong d6 luc F(Xy,Yx,Zy), ban kinh diém dit luc tht k 13 1 (X, Y,z
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£2. PINH LI TUONG PUONG CO BAN:
Pinhly :

— —
' —_—

o D R1 R'z
(pl(Fk)E([)z(Pi)@ .

1/0 :RZ/O

Nhin xét:

Tu dinh 1y nay ta thd'y hé luc tuong duong tdi gidn nhat 1a hé Iuc chi gdm mot vector
lyc bing vector chinh va mdt vector moment bing vector moment chinh ctia hé lyc doi
véi mot tAm cling dit tai tAim d6 (k€ cd cdc trudng hop cdc thanh phan d6 bing 0).

3. CAC HE QUA:
3.1. Vector moment ngiu luc:
0 Hélwc @ ( Fx)coé R’=0va My=0 (O tuy § xdc dinh ):
Chiing ta nhan thi'y day chi c6 thé 1a hé gdm hai luc ciing phuong, ngugc chiéu, cling
dd 16n nhung khong cung gid (duge goi la ngau): ¢ (Fy)=( F, F).

Chiing ta sé& chitng t& moment chinh ctia ngdu khong phu thudc tim 14y moment:

T

C6: My=mo(F)+ mo(F)
=€A&ﬁ+@x ﬁ’ A

—_—

axﬁ+O—Axﬁ’+ABxlE’

_—

OA x(F+ F’)+ ABxF’= ABxF’

1_;} s
Hinh 2.3

Diéu nay chitng t vector moment chinh ctia ngAu khong phu thudc tAm 14y moment.

o Hai ngdu (F,F’) vd (F,,F,") ¢6 vector moment chinh bing nhau s& tuong
duong nhau (vi R ’=0).

3.2. Pinh ly thu gon:

Hé luc (p(l_ik ) khi thu gon vé mot tAm (O) twong duong v6i mot luc bing vector chinh
ctia hé lyc (R ’) va mdt ngiu bing vector moment chinh ctia hé 14y cing véi tAm d6 :

¢ (FY=(Ry, My).
véi Ry=2 Fy, vda My=3 mo (F).
3.3. Cac truong hgp dac biét:
331 0#R’ L My<=¢(F)=R,.
(hop luc R ¢6 gid A véi R= R’ va gid Athda mo (R, =2 mo (Fy)).
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a) Hé luc song song: (ﬁk // 6i)

N&u R’ #0s& ¢6 hop luc : ¢ (Fy ) = R .

b) Hé lyc phiing: (F, € Oxy)

N&u R’ #0 = ¢ (Fy)= R, (c6 hop luc) do ta 18y di€ém A € Oxy lam tAm thu gon
= MAJ_OX}’ = MA 1IR.

¢) Hop luc cia hé luc phflng song song:

Cho hé lyc phan b6 nhu hinh 2.4:

Xét phan t& Axy, hé Iyc phan bd trén do dai .
nay tuong duong: F/ R E
k
Fr = q(x’).Ax, ddttai X’y . a0
Hgp luc Ry =F =Z%F, = Ilq(x)dx . - > X
’ Ole-dsl X ky

N A - - 1 A
TimAtr My=3 mo(Fk):Lq(x)de —R,d= M, innod DX

- 1

M. [a(oxdx
= d=—2= L] R (2.5)

R, Lq(x)dx F !

. N I A
¢ He¢ lyc phan bd déu (hinh 2.5): o 1 /
1? Hinh 2.5
. qo 5 1
Hgpluc R;; R=q,l; Ol = o =5 (2.6)
. . 0 F ﬁl do
¢ Hé lyc phan bo tuyén tinh (hinh 2.6): T/l/'/'/.ﬂ
| 2 X
Co6 ngay () =%X —->R, = qé’ ; Ol= 51 o). I 2.7
Hinh 2.6

Nhin xét:

Cidc hgp luc ¢6 cudng dd bing dién tich phan bd, di qua trong tAm cla biéu d6 dién
tich.

332. R’ = 0, M 0200 (lzk) =ngiu (6 , 6 ’) ¢6 moment bing moment chinh cia
hé luc ddi véi tam O.

Chu

Y

Khi R’ = 0, ¢ (ﬁk) = ngiu (6, 6 ’) nén moment chinh cia hé khong phu thudc tim
18y moment.
333. R’=0,M,=0<¢(F)=0 (2.8)

3.4. Hé ba lyc can biing:
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Hé ba lyc cin bing thi dong phang. N&u cic luc khong song song vdi nhau thi con phai
dong quy.

¢4 PIEU KIEN CAN BANG CUA HE LUC:
Tir (2.8) chiing ta nhan dugc nhitng di€u kién cin biing clia hé lyc:

4.1. Heé lyc tdng quat (khong gian):

R, =XF,=0 \
R =2Fy,=0
. R,=XF,=0
0=9(Fy) < > (2.9)

M0X=Z aX(I:Ek)=0
My=2m,(F,)=0

Mo =2 m,(Fx)=0/

Véi cdc hé luc dic biet mot s6 phuong trinh c6 thé tu théa man nén sd diéu kién gidm
di.
4.2. Hé luc song song (I3 /4 Oz ):

2z sz =0
0=¢(Fy) & M,=%my(F,)=0 (2.10)
M, =3 m(F)=0
Do 3 phuong trinh con lai ty thda man.

4.3. Hé lyc dong quy ¢ (1301( ), cac luc di qua O:

ZFkX=O
0=¢(Fy) & ZFy=0 2.11)
ZFkZ=0

Do M=% m(Fy)=0 ty thda man.

4.4. Hé luc phiang ¢ (Fy), V Fy € Oxy:

Véi diém A tiy y thudc mit phang luc Oxy:

m(Fy)=ma, (F).kK = +d; F k.

Vector moment ctia cic Iyc nay déu cling phuong nén ta c6 thé quy u6c thay thé m A
(Fy) bdi gid tri dai s0:

ma(F) = my, (Fy) = £d K, (2.12)
Ta 14y dau (+) hodc (-) theo quy tic moment ctia Iyc d6i véi truc (hinh 2.7).

- 16
my (Fy)
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Piéu kién can bing cia hé luc phiang cé 3 dang:

4.4.1 Dang1:
YFw=0

0=¢(Fy) < ZF,=0 (2.13)
X ma(Fi)=Mua=0

v6i A tiy y thudc mit phing luc.

—_—

Piéu nay hién nhién do (2.12) < {EV =0
Ma =0
4.4.2 Dang 2:
S Fix=0
0= (Fy) & My=Zm,(Fy)=0
(2.14)
Mgp=% mg(Fy)=0
(v6i AB LOx )
4.4.3 Dang 3:
Ma=S%ma(Fe)=0
0=¢(Fy) & M=% mg(Fy)=0 (2.15)

Mc=3 mc(F)=0

St dung phuong phdp chitng minh trén: n&uR ‘A # 0 thi R ‘phai c6 gia chita doan AB
va AC, do A,B,C khong thing hang nén khong thé x3y ra trudng hop trén.

£5. BAI TOAN CAN BANG CUA VAT RAN:
5.1. Mo hinh bai toan:
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Mot vat rin khong tu do (chiu lién két) chiu tdc dung ctia Iyc (Iuc hoat ddong) dang cin
bing.
Nhitng yéu cau dudc ditrala:

o Xaic dinh cdc phan lyc lién két.

o Tim diéu kién cin bing.
Tim céc yéu ciu clia Iuc hoat dong va cdc y&u td hinh hoc dé€ vat khdo sit dugc can
bing.
5.2. Phuong phap giai:

o Chon vat khao sat:

Xem xét ki mo hinh bai todn (hinh v&), chiing ta chon vat rin nao (c6 thé 1a chat di€m)
chiu tdc dong clia tit ca cdc luc hoat dong.

o 2.2 Patluc:
Luc & day bao gdm cdc luc hoat ddng va phdn luc lién két.

Xem xét ki mo hinh vat khdo sdt, xdc dinh day dd cdc lién két, so sanh véi cic md
hinh miu d€ thay thé hét cdc lién k&t bing cdc phan lyc twong ng.

o Lap phuong trinh cin biing:
a) Phan tich cdc luc dit vao vat khdo st (ké ca phan luc) theo ba phuong ciia truc toa
do.
b) Lap cdc phuong trinh cin bing tir diéu kién cin bing cda hé luc (ké ci cdc phan
luc):

SF=0; Mo = > my(Fi) =0 ;
SFy=0; vi Moy = > my(Fi)=0 ;
2F,=0; Mo, =Y m,(Fi)=0 ;

¢) Véi luu y cdc ngiu ton tai trong hé lyc dit vao vat khdng xud't hién trong cdc
phuong trinh hinh chi€u bdo ddm vectd chinh bing khong.

Chuy:
> NuFLA= BA (1_5) = t Fd trong d6 d 1a doan vudng gbc chung gitta A va F.
Céc lyc thanh phan:

F i vuong goc véi truc y,z ; IEky vudng goc vai truc x,z ; F vuong géc vdi truc
X,y.
» Dung (1.4) va (2.4) ching ta nhan dudgc:

Moy = Z(Foyi - Fiyz) =03 Moy =2(Fizi - Foxi) =03 Mo, = 2(FiyXy - Fioy) =0
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G day (xwywzo) 12 toa do diém dit cda luc Fy.

d) Trudng hop hé luc phang (I_fk €Oxy): dung (2.12) 1ap phuong trinh cin bing ngiu
luc.

5.3. Danh gia bai toan:
o 3.1 Né&u so phuong trinh cAn bing doc lap lap duge (r) bing s6 4n so (s) (s6

thanh phan phan luc), bai toan cé nghiém duy nhit (dugc goi 1a bai todn
tinh dinh).

o 3.2 Né&ur >s cé hai kha ning xay ra:

a) S& du ra mot sd phuong trinh (= r — s) khong chita 4n s& (phan luc). PAy chinh 1 cdc
diéu kién rang buodc cdc Iuc hoat dong va nhitng dai lugng hinh hoc trong bai todn.
Nhitng diéu kién nay dudc goi l1a di€u kién cin biing.

b) Trong hé phuong trinh 14p dugc ton tai cdc phuong trinh mau thuin v6i nhau. Chiing
ta xem xét lai mo6 hinh bai todn:

» bit phan lyc ding chua?

> MO hinh bai todn c6 tdn tai trong thuc t& khong?

3.3 Néur<s:

Bai todn thudc loai siéu tinh, chiing s& dudc gidi quyét trong mon hoc sau.
5.4. Giai phudng trinh va bién luin:

Theo nguyén tic:

> Phén lyc tya mot chiéu va stc cing day ludn ludn duong.

» Céc phan lyc khic c6 chiéu ding nhu di chon néu két qua duong. Ngugc chiéu da
chon néu ké&t qu am.
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£6. BAI TOAN CAN BANG CUA VAT RAN CHI KE PEN MA SAT TRUQT:

6.1. M6 hinh bai todn: Fy Fns2

Vatrin S can bing:
a) He lyc can bing o(Fy , F ).

—

(bao gdbm ca cdc thanh phan ma sat). Funst
b) Piéu kién khong trugt: T\/Xu hudng
F<fN; (I=12,..). Hinh 2.8
6.2. Phuong phap giai:
o St dung diéu kién can bing giai tich:

Dung di€u kién cin biing cla hé lyc va diéu kién khong trudt ching ta thu dugc mot
hé hdn hdp gdm cdc phuong trinh va bat phuong trinh. Nghiém thu dudc tir hé nay sé
12 cdc bat ding thifc nén vat khdo sit cAn biing nim trong mot mién niao d6 (khong
phdi mot vi tri nhu trude).

Sau khi tim dudc mién can biing, chiing ta m&i gidi cdc phan lyc 4n.

Trong nhiéu trudng hop, ching ta khio sdt vat rin cin biing & trang thdi tdi han (sip
trugt). Lic nay ( F; = f;N; ) diéu kién cAn bing clia vat rin lic nay 12 mot hé phuong
trinh. Nghiém nhan dudc 1a mot gia tri chi bién cia mién cin bing, cé thé bién luan
dua vao thuc t€ d€ suy ra mién cin bing.

o Diéu kién can biing hinh hoc:
Pit phan luc tya tdng hop 1a R = (IEm, N).

Goi géc nghiéng giita R va phdp tuyén fila a.

Do F,, < fN nén:
F

tgp = 2 <f.

g N

0] trang thdi t6i han, vector phan lyc tong
hop R” tao v6i i mot géc ¢ (phuong thay
ddi trong khong gian). Pit:

Hinh 2.9
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F*

tgp=—% =1.
g(PN

Piéu kién khong trugt (cAn bing): o < ¢.

Hinh nén c6 dinh 14 diém tua, truc 13 phdp tuyén i
(ra khoi mat tua), géc G dinh 2¢ goi 1a nén ma sat.

Chiing ta c6 diéu kién cin biing:
- Phén lyc toan phdn R niim trong nén ma sat.
- Khi R niim trén bién ctia nén ma sdt, vit & trang thdi t6i han.

6.3. Vidu :
Tai A trong lugng Q dit trén mit nghiéng nhu hinh vé. Bi€t hé s& ma sit trudt giita A
va mit nghiéng 1a f. Tim diéu kién cda géc nghiéng o d€ tii cAn bing.

Giai:

Gid st tdi A dang cAn bing tng v4i géc nghiéng o nhu hinh ve.

e He¢ luyc didt vao A: (p(IEK)E (Q, N,, IEm)E 0.
e Phuong trinh cin bing:

> E,=F,-Qsina=0 (1)

> E,=N,-Qcosa=0 (2)

Diéu kién khong trugt: F,, < fN, 3)

e Giai hé phuong trinh:

Hinh 2.10

F,, = Qsina. ; Ny = Qcosa .
(3) = Qsina < fQcosa. = tgp <f.
Pitf=tge = diéu kién cin bing: tga <tgp < a < .

e Tir k&t qua trén, chiing ta c6 thé suy ra phuong phdp xdc dinh hé s6 ma st trugt
bing thuc nghiém: tdng géc o tir tir khi A bdt ddu chuyén dong, tan ciia géc nghiéng
tai vi tri dé bang hé s6' ma sdt.
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§7. MO HINH BAI TOAN CAN BANG CO KE PEN MA SAT LAN:
7.1. M6 hinh bai todn va phuong phap gidi:

o Vatridn S cin biang chiu tdc dung cta hé luc (p(lfk): (F N,F_,ngM, )E 0.

o Phuong trinh cin bing: 14p cdc phuong trinh cAn bing tir (p(lfk): 0.

o Céic diéu kién (ma sat):

- Khong trugt F,, < fN.
X Xu huéng trugt
- Khéng lan M, <kN. u —
hudng
lan

o Bién ludn cdc kha ning:

- Diéu kién vat khong lin va khong truot.
Hinh 2.11
- Piéu kién vat lin khong trugt.

Diéu kién vat trugt khong lan.
7.2. Vidu:

Con lin dong chat ban kinh R, trong lugng P chiu tdc dung cda lyc Q nhu hinh vé. Biét
hé s6 ma sdt trugt va lin giita con lin va mit dudng tuong dng 1a f, k. Tim gid tri clia
Q @€ con lin cin bing.

Giai:

Trong cdc bai todn loai nay, ta khong dp
dung dugc cic phuong trinh can bing t6i
han, bdi vi cdc diéu kién lin va trugt 1a
ddc 1ap, khong bit budc cling dat t6i dicu
kién t6i han.

- Vat khdo sat: con lan.

- patlye: F)=(F.Q,K,E,,M)=0. Hinh 2.12

- Phuong trinh cin bing:

> Fe=Q-F, =0
> F,=N-P=0
>m =M-Qh=0
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- Giai hé phuong trinh:

Gidi 3 phuong trinh dau chiing ta nhan dudc: N=P; F,=Q; M =Qh.
= Khong trugt: Q < fP.
= Khong ldn: Qh <kP < Q < Pk/h.

Q

e D& con lin can bing (khong lin, khong trugt): B < min(f,%).

e Chuy: gid s % < f, ching ta c6 cdc trudng hgp:

< % <f:vatldn khong trugt.

SIx o=

<f< %: vat vira trugt vira lan.
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