MOMENT ABOUT AN AXIS
Today’s Objectives:

Students will be able to determine the moment of a
force about an axis using

a) scalar analysis, and
b) vector analysis.




QUESTION

The triple scalar product u ¢ (r x F ) results In
A) a scalar quantity ( + or - ). B) a vector guantity.
C) zero. D) a unit vector.

E) an imaginary number.



APPLICATIONS

With the force F, a person is
creating the moment M ,.
What portion of M, Is used In
turning the socket?

The force F is creating the
moment M. How much of
M, acts to unscrew the

pipe?




SCALAR ANALYSIS

Recall that the moment of a force about any point Ais M,=F d,
where d, Is the perpendicular (or shortest) distance from the point
to the force’s line of action. This concept can be extended to find

the moment of a force about an axis.

In the figure above, the moment about the y-axis would
be M,= 20 (0.3) = 6 N-m. However, this calculation is
not always trivial and vector analysis may be preferable.
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VECTOR ANALYSIS
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/

Our goal is to find the moment of F
(the tendency to rotate the body)
about the axis a’-a.

First compute the moment of F about any arbitrary point O
that lies on the a’a axis using the cross product.

Mgo=rxF

Now, find the component of Mg along the axis a’-a using the
dot product. This is the projection of M along a’-a.

Ma - Uy- I\/IO



VECTOR ANALYSIS (continued)

M, can also be obtained as

u:’zr ufﬂ_... ucsz
M,=u, (rxF)=

Fx Fy Fz

F. F, F,

Moment axis

The above equation is also called the
triple scalar product.

In the this equation,

U, represents the unit vector along the axis a’-a axis,

I is the position vector from any point on the a’-a axis to
any point A on the line of action of the force, and

F is the force vector.



Note

I is the position vector from any point on the a’-a axis to any
point A on the line of action of the force.

We get to pick the origin of r on the @ ’-a axis. We get to pick
the termination of r on the line of action. Our job is to find
easiest to see and use origin/terminal points for r.

In previous section we saw why we could choose any point on

line of action to determine a moment about a point.
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But why can we choose any point on the axis of interest?

B -
d

Especially since, in general,7p4 X F # tp4 X F

Although their moments are not the same,
their projections along OP are the same!

-
-
~~.

First note 7y, = 7pp + Tp4. SO
Mop = Ugp (FOA X F) = Ugp ((Fop + Tpy) X F)

= lop - (Top Xﬁ)'l'ﬁOP'(?PA Xﬁ)

Now 7pp X F is L to 7yp. So first term vanishes.



EXAMPLE

Given: A force is applied to
0.25m F = {-60i + 20j + 15k}N
V the tool to open a gas valve.

Find: The magnitude of the
moment of this force about

8 the z axis of the value.

Plan:

1) We needtouse M, =u e« (r xF).
2) Note thatu =1 k.

3) Choose point on z axis and on line of action. These can only be A and B
here. The vector r is the position vector from A to B.

4) Force F is already given in Cartesian vector form.



EXAMPLE (continued)

u=1k

rhg = {0.25sin 30° 1+ 0.25 c0s30° j} m
={0.125i +0.2165j} m

F={60i+20j+ 15k} N

M,= Ue(ryg xF)

0 0 1
M, ={0.125 0.2165 0
60 20 15
= 1{0.125(20) — 0.2165(-60)} N-m
= 155N-m




CONCEPT QUIZ

1. The vector operation (P x Q) * R equals
A) P x (Q *R).
B) R« (P x Q).
C)(P*R)x(Q*R).
D)(PxR)*(QxR).



CONCEPT QUIZ

2. The force F Is acting
along DC. Using the
triple product to
determine the moment
of F about the bar BA,
you could use any of the
following position
vectors except

A) e B) 'ap
C) rac D) rpg
E) rgp




Example

Given: A force of 80 Ib acts
along the edge DB.

Find: The magnitude of the
moment of this force
about the axis AC.

Plan:

We need to use M. = Upnc * (I x Fpg)

Can choose A or C and D or B. r,g easy to find.
FINd Upye = Mac /T ac

Find Fog = 801bugg = 80 1b (rpg/ rog)

Complete the triple scalar product..



SOLUTION
ras = {20}t
rc ={131 +16] } ft
rog ={-51 +10j— 15k } ft

Upc = (1310 +16j)ft/(132+162) % ft
= 0.6306i + 0.7761 ]

Fog =80 {rpg/(52+102+152) "%} 1b
={-21.38i + 4276 j — 64.14k }Ib



Solution (continued)

Now find the triple product, M. = Unc * (Fag X Fpg)

0.6306  0.7706 0
My = |0 20 0 | ft
2138 4276  -64.14| Ib

M e = 0.6306 {20 (-64.14) — 0 — 0.7706 (0 — 0)} Ib-ft
= -809 Ib-ft

The negative sign indicates that the sense of M, Is
opposite to that of U,



ATTENTION QUIZ

1. For finding the moment of the
force F about the x-axis, the
position vector in the triple
scalar product should be .

A) INyc B) I'sa
C) rag D) rgc

F = {4i + 12j - 3k}Ib

2.1fr={1i1+2j}mand F ={101+ 20 + 30 k} N, then
the moment of F about the y-axis is N-m.

A) 10 B) -30

C) -40 D) None of the above.



