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Recall the Definition of the Moment of

a Force F about a Point O

MO = rXF

My, =7rF sinf

r 1s a position vector that
must satisfy:

* Tail of r 1s at point O;

* Tip can be on any point

> on the line-of-action of F

Magnitude of M, 1s the area of the parallelogram defined by r and F

Direction of M|, 1s perpendicular to the plane defined by r and F

Sense of M, 1s defined by the right-hand rule




Moment of a Force about a Point when
the Position Vector and Force Vector are
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For the moment of a general
three-dimensional force about
a point, it is almost always
casiest to express the force
and position vectors in
Cartesian vector form

My = (ryF, — 1,E, )1 + (,F, — i B)j + (1 E, — 1y F )k




Example Problem

Y
[C 10 1n

7 1n

4 1n

If /=400 Ib, and 1ts line-of-action lies
~ along line AC, find the moment of the
force about point B using:

1. Position vector AB;

2. Position vector CB.




Express F in Cartesian Vector Form
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Tip minus Tail

/

Coordinates of Point A: (0, 0, 7) dy =xX¢c—x4=0-0=0
dy =yc—y4=4—-0=4in

v

Z Coordinates of Point C: (0, 4, 0) y 0_7 7
s =Zc—Zy=0U—/=—/1n

d =+/(0)2 + (4)2 + (=7)2? = 8.06226 in




Express F in Cartesian Vector Form

y
C 10 1n

7 1n

d =+(0)2+ (4)2 + (=7)2 = 8.06226 in

A

)(400 Ib) = 0

d 4
z F, = (%) (F) = (8 06226) (400 1b) = 198.456 1b

F = 198.456] — 347.30k 1b

dz) (F)=( —/ )(4001b)=—347.301b

8.06226



Express r ; in Cartesian Vector Form
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J Tip minus Tail

d, =x4—xg=0—10=—-101In

Coordinates of Point A: (0, 0, 7) dy=y,—ypg=0—-0=0

Coordinates of Point B: (10, 0, 0) d,=24—23=7—0=7in

rapap — —1017 + 7]2 in




Calculate the Moment of a Force
about Point B

P

MB — rABXF l Ji k
_ Mp'=.|TaBx TaBy T"aBz
rup = —100+ 7k in | F, F, K

F = 198.456] — 347.30k b
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0 198456 —34730 6 198456

7 % i 7
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() (=) (=) (+) (+)  (+)

Mg = (—10)(198.456)k — (—10)(=347.30)j — (7)(198.456)% Ib—in
Mg = —1389.21 — 3473.0] — 1984.6k 1b—in




Express r.; in Cartesian Vector Form
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J Tip minus Tail

dy, =xc—xg=0—10=—-101n

Coordinates of Point C: (0, 4, 0) dy=yc—yg=4—-0=4in

Coordinates of Point B: (10, 0, 0) d;=2¢c—23=0-0=0

rcg = —101 + 4/ in




Calculate the Moment of a Force
about Point B

MB = TcB X F l f E
_ Mp'=.1"cex T"cBy TcBz
rep=—100+4f in | F, F, F

F = 198.456j — 347.30k b

; 7 |

/
Mg = |-10 4= -0 | =30 4
0~ 198456 —347301 6 198456

() (=) (=) (+) (+)  (+)

Mg = (4)(=347.30)i + (—10)(198.456)k — (—10)(—347.30)] lb—in

Mg = —1389.21 — 3473.0f — 1984.6k lb—in ||OK— Same Result




Final Result

A,y 10 1n
7\ C £34'4 Ib-1n
% 4 1n
e B - >x
z My = —1389.21 — 3473.0f — 1984.6k 1b—in

Mg = /(—=1389.2)2 + (—3473.0)2 + (—1984.6)2 = 4234.4 Ib—in




Follow-Up Question

C 10 1n

4 1n

What 1s the perpendicular distance, d,
= between the line-of-action of F and
point B?




Answer

10 in

Recall that; g Mp 4234.4 Ib—in
Z  My=Fd ~F 400 b

and 1f;

F=4001b and; d = 10.59 in

M, =4234.4 Ib-in



