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Pinh ly trucgt luc va dinh ly dgi luc song song

Pinh ly trudt luc: Tac dung cd hoc cua mot luc khong
thay doi khi ta trugt luc doc theo gia cla no.

Minh hoa: Mot lyc F dat tai dau A co gia trung vdéi thudc go
va hudng sang pha| Tay ngerl ndm dAu thudc go tai B,
kéo ngudc lai dé gilr cdn bang (diing yén).

Khi trugt luc F doc theo thudc dén vi tri khac thi cam
giac cua tay ngudi sé khong doi (van kéo ngugc lai
cung mot luc giong nhu trude).
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Pinh ly trucgt luc va dinh ly dgi luc song song

Pinh ly dgi luc song song: Khi doi song song mot luc tur
diém dat nay dén diém dat khac phai cong thém mot
mo men cua luc dat tai diém cii 18y déi véi tam la
diém mdi vira ddi dén.

Minh hoa: Mot luc F thang ding hudng xudng dat tai dau
A. Tay ngudi nam dau thudc go tai B, vira phai nang Ién
vlra phai xoay cd tay ngugc chiéu kim déng ho dé gilr
thuéc NAM NGANG ding yén. <>
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Pinh ly trucgt luc va dinh ly dgi luc song song

Bay gi6: D&i song song luc F tir ddu A dén dau B (cho tay
nam) thi cdm gidc nang lén van con nhung cdm giac
xoay co tay khdong con nita. Pé tac dung cua luc F dat
tai B giong nhu tac dung cua luc F dat tai A, ta phai
cong thém mo men cua luc dat tai A doi vGi tam quay B.
Tri s6 mo6 men nay la M = F.d (d la chiéu dai thudc)

Két qua: Luc F dat tai A co cung tac dung cc hoc khi luc F
dat tai B + mo6 men cua luc F dat tai A quay quanh

tam B
<P
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Pinh ly trucgt luc va dinh ly dgi luc song song

Tom lai:

- Trugt luc ta sé dugc luc giong nhu ci.

- Daoi song song luc ta sé dudgc luc giong nhu luc cii
va cong thém mo men.

Fo=Fa

Ddi luc song song tUr A vé O
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Pinh ly trucgt luc va dinh ly dgi luc song song

Chu y:

Néu tai A gom mot luc F va mot moé men M nhu hinh
vé. Khi dgi song song tu A dén O ta doi luén ca mo
men M. Khi d6 mé men tong hgp quay quanh tam O
bang tong dai sé hai mé men:

{; +(Mp)o = Fa.dpy - M

DJi luc va m6 men song song tu A vé O
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Vi du ap dung

Vi du 39: M6t luc F = 200 N dat vubéng goc vao dau A cua co 1é
AB dé xiét chit bu I6ng B, cé dinh lai banh xe. H8y xac dinh
moé men cua luc F quay quanh tdm O cua banh xe nhu hinh

ve. 200 N
-
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Vi du ap dung

Vé lai mo hinh tac dung Iuc nhu hinh vé. DGi luc song song
tu A vé B ta dudc mot luc gidbng nhu cli va thém mo men cé
tri s6 Mgz = (200 N).(0,45 m) = 90 N.m

A Fa=200N 200.cos20
i
a50 A 20° 90 N.m A
ak
20° ,
B 0 B Q
b

52“5 mm 200.5in20

Suy ra m6 men cua luc da cho quanh tam O:
(, + Mg = (-90) N.m + (200.c0s20.0,0625) N.m = -78,3 N.m =
= 78,3 N.m \)

Cha y: Tinh md men theo phudng phap chia luc thong
thudng van ap dung dugc vdi vi du nay.

Mechanics for Engineers: Statics, 13th SI Edition © Pearson Education South Asia Pte Ltd
ALWAYS LEARNING R. C. Hibbeler and Kai Beng Yap 2013. All rights reserved P EARSON



Vi du ap dung

Vi du 40: Trong tiéu chudn thiét k& yéu céu robot phdi tac dung
mot luc P = 90 N vao trong 16 cua moét xy lanh. Hay xac dinh
mo men cua luc nay gay ra déi vdi cac diém A, B, C.

B 150 mm ‘ 15:,
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Vi du ap dung

Vé lai mo6 hinh tac dung luc nhu hinh vé. Do luc vudng goc
v3i CD nén mo men cua luc da cho doéi véi tam C la:

450 mm 150 mm

B 15°

D m,
P=S0N
(90.cos15) N (90.5in15) N
15"

M- =-90.015=-135N.m
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Vi du ap dung

Ddi luc song song tu D dén C ta dudc luc gidong nhu cl va
cong thém md men M. . Suy ra mé men cua luc doi vGi tam
B dudgc tinh:

Mg =(—=135—-90cos15.0,45cos45 + 90s5in 15.0,45sin45) N.m
Mg =(—135-—90.0,45cos(45 + 15))N.m = =338 N.m
DGi song song luc va m6 men Mg tinh dugc tu C dén B ta

dugc luc gibng nhu cli va cong thém mo men Mg . Suy ra
MmO men cua luc do6i véi tam A dudc tinh:

My, =1(-33,8—90c0515.0,55cos60 —90sin15.0,55s5in60) N.m

M, = (—33,8 — 90.0,55 cos(60 — 15))N.m = —46,6 N.m

Két qua: My, =44,6 N.m ; Mg = 33,8 N.m ; M. = 13,5 N.m
Cac mo men nay déu quay cung chiéu kim dong ho.
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Cac bai tap tuong tu

Bai tap 44: Mot luc F = 200 N dat vuéng goc vao dau A cua cd
Ié AB dé xiét chat bu 16ng B, c6 dinh lai banh xe. Hiy xac
dinh mé men cua luc F quay quanh tam bu l6bng C. Biét bu
Ibng C doi xung vdi bu Ibng B qua td&m O cua banh xe nhu
hinh vé.

200 N

Pap so: 650 mm
Mc =66,5N.m )
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Vi du ap dung

Bai tap 45: Trong tiéu chuédn thiét ké yéu cdu robot phai tac
dung moét luc P = 90 N vao trong 10 cua moét xy lanh. Hay xac
dinh mé men cua luc nay géy ra dbéi vdi diém O. Biét khoang
cach OA = 450 mm

B 150 mm | 15;

Pap s6: .O
Mo = 55,1 N.m )
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Thu gon hé luc phang

Bai toan thu gon hé luc phang: Cho vat chiu tadc dung hé
luc ndam trong mat phang. Cac luc d3 biét trudc diém
dat, hudng, tri s6. Hay thu gon hé luc da cho vé tam thu
gon O.
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Thu gon hé luc phang

Cach giai: DJi song song lan lugt cac luc vé tam O ta dudc
cac luc va cdc mdé men. Toéng hop luc va tdong hdp md
men ta dugc luc téng hop F, goi la véc tad chinh va
mo men tong hop (Mg), goi la mdé men chinh
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Thu gon hé luc phang

Fi

Fr

Tong hop luc va
tdbng hdp md men
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Thu gon hé luc phang

Két qua: Luc dau, taco héluc: (F,, F,,..., F,)
Thu gon vé O, ta dudc hé: (Fg, (Mg)o )
Hai hé trén c6 cung tac dung ca hoc
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Thu gon hé luc phang

Cach xac dinh véc tag chinh F; va mo men chinh (My), :

Dang vec ta: Dang toa d6 Dé cac:
F, = 3F (Fr)y = 2F,
{._‘t'lﬁ}ﬂ = EP’E'I” [:FR}J" = EF"
(Mgl = EM{J‘

Chu y: Khi thay d6i tdm thu gon O thi véc to chinh Fg
khong thay doi hudéng va tri sd, trong khi mdé men
chinh (Mg), thay doéi tri s6. Do vay, ki hiéu mé men
chinh luén gan thém tam thu gon O.
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Vi du ap dung

Vi du 41: H3y thay hé luc da cho bang moét luc tuong duong dat
tai O va mét mé men quay quanh O

4 kN
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Vi du ap dung
Chia cac luc ra hai thanh phan theo cac truc toa d6 x, y nhu
hinh vé. Sau do tinh véc td chinh va mo6 men chinh

E (Fp)y = 3F:  (Fp). = (3kN)cos 30° + (2)(5kN) = 5.598 kN —
+1(Fp)y = 2F;;  (Fg), = (3kN)sin 30° = (3)(SkN) =4 kN = —6.50 kN = 6.50 kN

-1 I

(3 kN)sin 3(°

I :| (3 kN)cos 30°

=

=
.f:,__

=
]
i

=

l—10.2 m

4 kN
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Vi du ap dung

(M), = 2.46 kN-m Do I8n cua vec ta chinh:
1/' Mgln = &

-

Fp = V(Fp) + (Fp),”

{FE}IHSSQEE .
Fpg

_ (Fi)y 6.50 kN
(Fg)y = 650 kN = t:an_'( it ) = mn_l( ) = 49.3°
(Fg)

= V(5.598 kN)* + (6.50 kN)*> = 8.58 kN

Hudng cua vec to chinh dudc
xac dinh bdi goc 6:

5.598 kN

Tri s6 mo0 men chinh dudc tinh theo cong thirc: €+ (Mg, = =M,

(Mg)o = (3 kN)sin 30°(0.2 m) — (3 kN)cos 30°(0.1 m) + (£ )(5 kN) (0.1 m)
— (£)(5kN) (0.5 m) — (4 kN)(0.2 m)

= =246 kN-m = 246 kN-m )

Mechanics for Engineers: Statics, 13th SI Edition © Pearson Education South Asia Pte Ltd
ALWAYS LEARNING R. C. Hibbeler and Kai Beng Yap 2013. All rights reserved PEARSON



Vi du ap dung

Vi du 42: H3y thay hé luc da cho bang moét luc tuong duong dat
tai O va mét mé men quay quanh O

500 N
750 N A
3
1 200 N
{':il m i
Y I
™ — 1m
1.25 m+l.25 m—
200 N
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Vi du ap dung
Tinh hai thanh phan cua véc ta chinh:

+1(Fg)y

[
!
o

+1(Fg)y, = 3F,; (Fg), = (500N)(%) — 750 N = =350 N = 350N}

-1I

[’JHE}.‘J= 3?5 :"'-]'ITI ﬂ H

Do I16n va hudng cla véc ta chinh:

Fr = V(Fp)? + (Fg)?

e

(Fg), = 300N

= V(300 N?? + (350 N)?> = 461 N

0 " —1 {FH':}I.) : _1(35[] N 49 4|:r F_.q
— n = tan i — - —
(Fr)y 300 N (Fg), = 350N (b)

M& men chinh: C+ (Mg),= M, Chl y: ngau Iyc (200 N; 200

4\ n 3 N) co mo men ducng (vi
(Mg)o = (500 N) (2)(2.5m) = (500 N) (3)(1 m) quay ngugc chidu KBH, va
— (750 N)(1.25m) + 200N *m =% CO tri s (200 N).(1 m) =

200 N.m
= =375N+-m =3?5Hﬂ13 -
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Cac bai tap tuong tu

Bai tap 46: Thay hé luc cho nhu hinh vé bang mét luc tuong
duong dat tai A va mé men quay quanh A.

Dap so: A
Fp = L1TKN

= 674°=% | 0.75 m
(Mg)y = 960N-m )

T075m | 075m

T0.75m |
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Cac bai tap tuong tu

Bai tap 47: Thay hé luc cho nhu hinh vé bang mét luc tuong
duong dat tai O va m6é men quay quanh O.

300 Ib

Pap so:

F, = 416 1b
g =352° 2

(Mg)s = 1.48 kip-ft _ )

Chuy: 1 kip = 1000 Ib
kip (goi la ki 16 pound)
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Cac bai tap tuong tu

Bai tap 48: Thay hé luc cho nhu hinh vé bang mét luc tuong
duong dat tai A va mé men quay quanh A.

_ JkN
S kN 2kN
AN | 1 m 1 m 2
: | 4m YE
C B D
Pap so:
Fp = 8.27 kN S
§ = 69.9° < 7
(Mg)s =977 KN-m _)
i
A
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Thu hé luc phang thanh mét luc tucng ducng

Bai toan: Sau khi thu gon moét hé luc phang bat ky thanh véc
td chinh F; va m6 men chinh (Mg), , ta co thé tiép tuc thu

Cach giai: S dung dinh ly ddi luc song song ta co:

- Né&u dd&i song song mot luc tr diém dat nay dén diém dat
kia ta dugc mot luc + mot mo men.

- Nhu vay, NGUOC LAI, lic dau cé6 mot luc + mot mo men ta
co thé thanh thu gon moét luc theo nguyén tac ddi nguac:

Fe
>

d= (MR)O/FR}

DGi song song luc F; vé phia sao cho chiéu quay F; quanh O cung
chiéu véi (Mg), va gia cua F; cach O mét khoang vudéng géc d -
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Thu hé luc phang thanh luc tucng ducng

d dugc tinh theo cong thic: (Mg), = Frd = 2 M,
Hay: d = 2My/Fy

Trong thuc hanh, chiang ta nén chia F; ra hai thanh
phan Fg, va F,, va trugt dén vi tri thich hgp sao cho
mot trong hai thanh co6 gia di qua tam thu gon. Khi
do d sé la khoang cach tu tam thu gon dén gia thanh
phan con lai.

y 4 Trong trudng hgp hinh vé:

ALWAYS LEARNING
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Vi du ap dung

Vi du 43: H&y thay hé luc da cho bang mét luc tuong duong va
tim xem gia cua luc tuong duong cat ddm ngang tai vi tri
cach dau O mét khoang bao nhiéu?
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Vi du ap dung
Tinh hai thanh phan cua luc tudng ducng (véc ta chinh):

3
K (Fp. = SF: (Fp), = 8kN(3) = 480kN—

+1(Fp)y = 3F,;  (Fp), = —4kN + 8kN(%) = 240 kN1

D6 I6n va hudng cua luc tuong
duadng:

240 kN
= - 2 = 6 = tan™" = 26.6°
Fp \ff[il.ﬁﬂ kN)= + (2.40 kN) 5.3TkN an (4_3[} kN)

M6 men chinh d6i véi tam thu gon O:
C+ (Mg)o = ZMy:
= —(4kN)(1.5m) — I5kN-m —[8kN(3) ](0.5m) + [8kN(%)]@4.5m)

= 5,4 kN.m
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Vi du ap dung

Dung dinh ly ddi luc song song ngudc, gia cua luc tucong
dudng cach diém O mdt doan a dugc xac dinh
Fﬂﬂ = ZMQ

Trugt F, doc theo gid dén diém giao vGi dam, sau do chia Fy
ra hai thanh phan. Vi thanh phan (F;), di qua O nén khong
co md men. Suy ra khoang cach d dudc xac dinh:

Fra = (Fr)yd= ) Mo (2,4 kN).d= 5,4 kN.m Suyrad =2,25m

d i

Fr=5,37 kN
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Vi du ap dung

Vi du 44: Trong luong ctia ba phin trong xe cdu cé gié tri va
diém dat nhu hinh vé. H8y thay ba luc di cho bdng mot luc
tuong duong. H8y xéc dinh tri sé luc tuong duong va diém
dit cua luc tuong duong cach diém A mét khoang bao
nhiéu?
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Vi du ap dung
Vi cac luc song song cung chiéu hudng xudéng nén hgp luc cua
cac luc thu vé A co gia tri:
F.= 3500 + 5500 + 1750 = 10750 Ib = 10,75 kip

M6 men tdng hodp cua cac luc
quanh tam A co gia tri:

(Mg)s = 3500.20 + 5500.6 \
- 1750.2 = 99500 Ib.ft ‘ ‘

Nhu vay luc tuong ducng Fjp
phai dat phia sau A va cach

10,75 Kip
9,26 ft

A mot doan d dugc xac

dinh: Sl R S
55001bY A

"red = (M) | 14 ft 6 ft—

(10750 Ib).d = 99500 Ib.ft 31t 2 ft

d =9,26 ft
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Vi du ap dung

Vi du 45: Mot can truc cho nhu hinh vé chiu tac dung ba luc
déng phdng. H&y thay luc trén bang mét luc tuong duong.
Xac dinh vi tri giao diém gilia gid cua luc tuong duong vdi cbt
AB va can BC.

_.L:'
3 fi
B
L_ C
6ft |\
|| 601b
175 Ib ——z2d (7]

LN
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Vi du ap dung
Chia cac luc da cho ra hai thanh phan x, y réi sau d6 téng hgp
chung:
B (Fp, = SF; (Fp.= —2501b(2) — 1751b = —3251b = 325 Ib—

+1(Fp), = 2ZF; (Fp), = —250 n:(_%] —601b = —2601b = 260 Ib.

Pd I8n clia hop luc va hudng — V(325 1b)> + (260 Ib)> = 416 1b
dugc xac dinh: -
= -1 — o
# = tan (325 lb) 38.7°F

Gia sUr gid cua luc tuong ducng cat cdt AB tai diém céch chén
cot A mot doan y va cat can BC tai diém cach dau B mot
doan x. Dé xac dinh x ta trugt luc tuong ducdng dén diém
giao trén (xem hinh vé trén trang sau). Khi do:

G + (Mg), = ZMy;

3251b (y) + 2601b (0) = 1751b (5 ft) — 60 1b (3 ft) + 250 1b(3)(11 ft) — 250 1b(3)(8 ft)

y = 2.29 fi <>
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Vi du ap dung
Pé xac dinh y ta trugt luc tusng duong dén diém giao dudi.
Khi dé: € + (Mp), = SM,;

3251b (11 ft) — 2601b (x) = 1751b (5 ft) — 601b (3 ft) + 250 1b(2)(11 ft) — 250 1b(2)(8 ft)

x = 109 fi y
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Cac bai tap tuong tu

Bai tap 49: Trong luong cua ba phdn trong xe cdu cé gid tri va
diém dat nhu hinh vé. H8y thay ba luc di cho bdng mot luc
tuong duong. H8y xéc dinh tri sé luc tuong duong va diém
dit cua luc tuong duong cach diém B mét khoang bao
nhiéu?

Pap so:

Fp = 10.75kip |
d =137t
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Cac bai tap tuong tu

Bai tap 50: Thay hé luc da cho tac dung Ién dam nhu hinh vé
bdng mot luc tuong duong. Ha8y xac dinh tri s6 va hudng cua
luc tuong duong. Xac dinh khodng cach gilta diém dat luc

tuong duong vai diém A.

TJOO N
, o 450 N
Dap s6: A 00N Y,
60"
F=1302N 31
A = B4.5° F A )
x=736m |7 ‘ | ] \ 1500 Nem
2m | 4 m i 3m
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Cac bai tap tuong tu

Bai tap 51: Thay hé luc da cho tac dung Ién két cdu nhu hinh
vé bdng mot luc tuong duong. Hay xac dinh tri s6 va hudng
cla luc tuong duong. Xac dinh khodng cdch giiia giao diém
gia cua luc tuong duong vdi thanh CD so vadi dau C.

300N
‘ 250N
lmf~—2m 3m s
PR
Dép 56: " — 1
\0 2m
Fr =991 N )
f=630"F mny
r=264m
sooN f| "
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Thu hé luc phan bo thanh mot luc tuong ducng

Hé luc phan bo la gi????

Hé luc phan bo la tap hgp vo so cac luc song song, cung
chiéu tac dung Ién mot bé mat hoac Ien mot _chiéu
dai nao do.

Ta chi xét truong hop don gian hé luc phan bo theo
chiéu dai.

Gia sU xét hé luc phan bd trén chiéu dai L theo quy luat
duong cong nhu hinh vé w = w(x)

W

dF = dA

Trong do x la toa dO vi tri
cua diém trén chiéu dai

w la cuong do luc phan bdg,
co daon vi (luc/chiéu dai)
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Thu hé luc phan bo thanh mot luc tuong ducng

SU dung cong thidc thu gon hé luc thanh mot luc tucng duong
Fr dugc xac dinh:

"‘JrFH:EF Fﬁ=fu*{.rjdx=/dﬂ=ﬂ
L A

A la dién tich hinh phan bo luc.
Gia cta luc ludn di qua diém C cach gbc toa dd O mot doan ¥

G+ (Mg)o = ZMy; —xFg = _/IW{I] dx W
L

/ xw(x) dx f xdA
- JL A

/ wix) dx f dA
L A

Theo toan hoc C chinh la trong tam
hinh phan bo luc.
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Vi du ap dung

Vi du 46: Hay thay hé luc phdn b6 nhu hinh vé bdng moét luc
tuong duong. Xac dinh dé Ion, hudng, vi tri cach dau A cua
Iuc tuong duong.

100 Ib fft

50 b /ft

0 ft !
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Vi du ap dung

Hé luc phan b6 @& cho cé dang hinh thang. Ta cé thé dé
dang tinh dién tich hinh thang nhung rat kho xac dinh
trong tam hinh thang. Vi vay, ta chia hinh thang ra hai
hinh phan bd luc gém hinh tam giac va hinh chir nhat.

Luc tuong ducng thay thé cho
hé luc phan bo tam giac va
phan bd hinh ch{r nhat cé do g
6n_dudc xac dinh béng dién 57 3 '
tich cac hinh tudng ’ng: :

50 Ib/ft

F, = X9 f)(50 Ib/ft) = 225 Ib -

F> = (9 ft)(50 Ib/ft) = 4501b

Gid cta lyc F, va F, qua trong P

tam hinh tam giac va hinh 9 ft
chtr nhat. T, =L9f) =3

X, = H9ft) = 45ft
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Vi du ap dung
Tiép tuc thay thé hai luc F, va F, bang luc tuong dudng Fy

dugc xac dinh:

-I—lFE:EF Fp=225 4+ 450 = 6751b

Gia cua luc F; cach A mot doan
C+ {Mﬁ}ﬂ = EMA;

x(675) = 3(225) + 4.5(450)
x =41t
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Vi du ap dung

Chi y: ta cé thé chia hinh thang ra hai hinh phan bd luc gbm
hai hinh tam giac nhu hinh vé.

Do I6n hai luc tap trung tucng

duang:
F; = %{9 ft)(100 Ib/ft) = 450 Ib

¥

Fq = %{9 ft)(50 Ib/ft) = 225 1b

Gia cua luc F; va F, qua trong
tam hai hinh tam giac va
cach dau A cac khoang:

X3 = 39 ft) = 3 fi
X, =9ft— 39ft) = 6ft

Tiép tuc thay thé hai luc F5 va F, bang luc tuong duong F; ta
cling dudc két qua giong nhu trudc.
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Vi du ap dung

Vi du 47: Trong lugng cua séch tac dung 1én gid go cé dang hai
hé luc phan bé chir nhat cuong do tuong ung la 2 Ib/ft va 3,5
Ib/ft. Hay xac dinh do Ién cua luc tuong duong va vi tri cua
luc tuong duong cach O mot doan bao nhiéu?
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Vi du ap dung

Do I6n hai luc tucdng ducng thay thé hai hé luc phan bd hinh
chir nhat:

F, = (21Ib/ft).(4ft) =81Ib; F,=(3,5Ib/ft).(1,5ft) =5,251b

Ti€p tuc tdng hop hai luc trén va thay thé& bang luc tucng
duaong Fry €O do I6n dugc xac dinh:

+|Fro = ZF; Frpp =8 4+ 525 =1325=1321bl
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Vi du ap dung
Luc Fro dat cach O moét doan x dugc xac dinh

C+Mpro=ZIMp 13,2.x = —8.0,75 + 5,25.2

x =0340 11
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Cac bai tap tuong tu

Bai tap 52: Thay hé luc phan bé da cho tac dung Ién dam nhu
hinh vé bang mét luc tuong duong. Hiy xdac dinh tri s6 cua
luc tuong duong. Xac dinh khoang cach giira vi tri cua luc
tuong duong so vdi diém B.

800 Ib fft
T T

Pap so6: ——__ 5001b/it
Fp = 106 kip |
x = 0.479 fi

‘ 12 ft 91t

Chd y: 1 kip = 1000 Ib
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Cac bai tap tuong tu

Bai tap 53: Nén dat chiu tac dung tu ba luc truyén xudng ba
cot nhu hinh vé. Gia su dat sinh ra hé luc phan bo hinh thang
tac dung nguoc lai IEn tam dé chbéng tai ba luc ndi trén. Hay

xac dinh tri s6 cuong doé ndi luc w, va w, cua hé luc phan bé
hinh thang.

Pap so:
w; = 30,3 kN/m
w, = 17,2 kN/m
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