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12 "~ Determine the mument ut Fo= -lﬂ; +30/ HEk I, =10i =10 -6k and
f= _s50k at point A acting as shown below.
3

F?./L |

om |

X

Solution: To use the vector Method, first identify the position vectors
of each force. Using the {:nurdmates of the points B and C, we get the

position vectors as follow:
For both F and F2 rAB=B- A—l'?kand forﬁs, rAC = —2j+8-k..

Therefore, by Vector-Method, the momentat A is given as follow:

_MA=r,43xF1+rABxF2+quF3

el Ak ok
0 0 1+4lo o0 12f#0 -2 8]
40 30 12| 1o -10 -6/ 0 0 =30
=-360£+480j+120i+120j+1005-=—14Di+'60{}j -

i
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g1am below.
and find their resultant

in the dia
vector form
at point O in vector form

forces In

wnress the two
1) Express thet
) LX] ment

hf! Find the resultant nl 0

. --.____‘\M-‘-. F ;
\ A
bm
l
Fc=420N
A Fp=7/80N
o
. i 2.5m
- = S
e [ A
B
¥ Y

Solution:

a) Here, the coordinates are 4 = (0,0,6), B=(0,2.5 0, C=2-3 0)

) o =F,U% =T80N (3~ & k) = 300§~ 720k
i) Fe=F, Ux =400N(2i_3 ; 3

) Fo FE..UAC.__420N(?:~—g-1~_§k);120i—180j-360k
5, the resultant is the sum of the two fdrce F J

That is R=E+FC=1201+18{JJ~_10801<

s it !
Mo=rgxF, +rE % Panl 2J5 !{; PN e
; 7 [ AR
0 3 y
o 3{150 “720._ 120 ~-180 _360}
= q QUIHOSO" 1207 = <7205+ 720 ¢
7 v | | &

e o
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1_8 Mﬂ,ment abﬂut an A}{IS or a 111’1{3 W-—-;...—-l-hi'—i‘i:;j-_q
Suppose @ force F1s ﬂiplied at Aand L is any axis or line ab
: I = e e . about

hich the moment is asked as shown in the di:

W . in the diagram below.
e
; ) /-—?
1'.' PA
P
U
L
X

procedures 0 find Moment about an AXis:
Step-1: Expression forces in vector form: In many moment problems,

In such case, using the
two points on the line of action

it is the magnitude of a force that will be given.
the problem, select any

d find a unit vector for the force.
nitial Moment (Point Selection)

¢ from the Axis. Thatis select a point P (with
d compute the - moment M Pﬂf the force F:

geometry of
of the force an
Step-2: Computation of
Start by selecting a poin
known coordinates) an

oach. Thatis Mp=r7ixF =M, + M, j+Mk-

Unit-Vector parall o] to moment axis
parallel to the axis or the line | about

pose you gel U =Uxi+U},j+U:k

using vector appr

Step-3: Determination of @
That is find a unit yector

which the moment is asked. Sup

Step-4: Apply the Concept of Projection: S
Once the direction vector of the line is kpown, the moment of I
about the axis Lis the projection of the moment Mp on to L.
That is the moment about the 8 L becomés

O e v I




ey ate RIE gesion, i i
s by Recashaw B e e e o

T "'-\.._\_hﬂ

juct, this is reduced into a gjy,

¢ triple proc Gy <o ple
calarF)=lr, 5 %
iR

Focus on Freedom of selection! (Umm! FrEEanf of selection?)
Selection of point P from the axis L and pﬂmtﬁ.f from the line
action of Fare arbitrary. You can select any point convenient fo,
your calculation. That means different students can select differap,
points But the moment is independent of the choice of Pand 4. (Any
way, be wise that the selected point must be a point whoge

coordinates are easily known from the given problem). .
VP4 PPPIPLma, i) Rt @, o2ZF O20g P21 7 223 AAQT:0697 prop
P ATONR TFANTO PR LR AT T3 576 AR i i

Examples: _

1. The force on cable AB is F =60N. Then,

a) Determine the moment exerted on the coordinate axes.
b) Draw the diagrams showing the moments on each éi:is ?
c) Delfermine the moment exerted on line CD .

o
C(233 |

Be23-0)
@

g

S._4fion: First punpa
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HEIE L"a'u 11 _H-E,-ng_gk‘ | -"
Thu> i FUMB = ﬁUN-(_%f +l'— J —Eﬁ:}z ~40i +20
R T j—40k . . 2
L

g vector approach of moment, the moment about point O is given

Using
| el 37 S o
BT s L — ~80i +160j +160k
—40 20 -—-40
pesides, we can take the basic unit vectors Ux=i,U; - 3,U =k along
the: coordinate axes. | .
a) The muments about the coordinate axes are taken by dot product. £
) M =Mo /. = (~80i +160 j +160k)i=—80N.m ;
i) M, = MaUv _ (~80i +160j +160K).j =160N.m ‘
it) M: ~MoU- —(—Bﬂz+160;+160k)k=160N.m -
b) The directions of the moment alﬂnﬂ each axis is shown as follow.
160N.m
e
vJ
OMN.m
Z 160N.m =
- Digection of moments
n first fi hout € or -
¢) To find the moment about cD, first find the moment a
. e 3 k1 R0k
L e = 0 j+
Thatis Mc =raxf= i =4 3 100i +36V]
e 40 20 _ 40}
Fmall : | B
< : 2.'_.2_j+'l-k)s-—180N--m

Ly i
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i ' KuLesioens, us -
= P TR T T | 1] Bt TR N
A=l —‘Ff_r

p=350N is acti : o i 22

3, A force cting on a rectangular box wit} i i
’ y alls \ : . e
3m% Am X 4m as shown in the diagram below 1 dimensions
Then, Jetermine the moment of the force P '

lines A ¢ AC . E
4! About the li es 04 and AC. Express the answers in vector
b) About the three coordinate axes eE e

¢ About the l'u.wﬁ AB and AF invector form
d) About the diagonals AG,ECand OB in vector form

e¥) Give the perpendicu'lar distance between AGand FC
f) Give the projection of the force P on lines AE and EG

a2
L
'
0

D

g

elected for you to understand

Solution: This example 18 properly $
y line. AS WE stated above,

t a given axis OF about an

" moment abou
moment about an axis or a line:

there are three main steps to find

Step-1: Expression forces in vector form:
Step-2: Computation of Initial Moment (Point Selection)

Step-3: Determination of Direction Vector
Step-4: Apply the Concept of Projection
a) We need the moment about the |
Step-1: Expression forces in V€

force about a point OT about an axis,
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“” s s
) +F 'F' - : : : . .I __:
in vu’:tnr form. That meatt
] a unit vector

r-~-.,_:_r
‘--\.

-ﬂ} NN vermr fmm T
0

y twO points on its |
e points F and C, o
¢ of these points are

| mrw
10 SO, finc

of action. in
-dinate

this Pl ohle

From the dmwnnmm of thr:
= (3 34.0), C= — (0,4,4) go that FC rCrF:HBH 1k
: }Tj 3+ 4K R
Then, the unit vector of P 1S UI = o e L i A
1 | 3 5 5
So, the vector ewpreqsmn of P 1S p=PU - —~ 301 +40k.
Selection)

of Initial Moment (Point
hoth axes O4 and AC, it 1S better to select A
dS 3

{des, using A=0G.04), F=040),

Step-2: Computation
Since point A 1s O

r

we have the position VeCtor T . =

Then, the moment Maof P about A is calculated as follow:

e e

Momentat A: M = P
_ y=r, xP=| 0 4 4 =160 +120 j +120k
e =

A

In thls p-rﬂblems
_since the mﬂment ax
es are OAandAC
we need

i

oA~ "SEN 5% - UAC*||]:1‘{‘“—J+'4 .

Step-4:
p-4: Apply the Cﬂncept of Projection

Compute th
¢ mUmEnts M
with th x and M
this pr;}"?specﬁvﬁ unit vectors as &}“M B dot Pfﬂduct of M and
ems the res oOW:
ectiv .
pective un e unit vectors of the lines as collov

Mome
< ____.I.TtabUUttheaxisOA:M e
G\ A.-Um == 192N m

= e————

257 o hT A
08 24 oo g
A%340043 v OLFET £ pa) AIEMNY 3

- _";y”"i [ TL‘ !
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unlt dirslinns, e IS8040

-—rf*"‘ 4 1'[ ]b““t tIHL :‘l:"-\""n ﬁ".f \"-"'1 "\"I. \ l ity

M{]
70 €X eSS the moment ahmlt. O in  vector form, simply multiply

he U ctor Uos of the line O4by the moment M
L *

nit ve
EE 3.4y
That iS oa™ Ma.Uox = 1gﬂ'}“"S' gir il il

b)

StEp‘l Expresm

moment about the three coordinate axes: This means

y and 7 axes. So, let’s use the above steps.

on forces in vector form:

;4 in part (),in vector form, P =—30i+40K.

taunn nf Initial Moment (Point Selection)
inate axes intersect at 0. the appropriate point
y nt‘ner points the final

We o need the m

Sinc
to b selected 1S the origin (You can select an
Answer ig the same but you r need three points one for each axis).
| B
EY = i e = =10 3
Moment at O: Mo =Tqp* »P=L0 4| =120i —120 j + 90K
| _30 0 40
Step-3 Determination of a Unit-Vector parallel tO moment axis
Since we are interested on the coordinate axe, their unit ‘JECFG‘ES are
- ] € - — . .-U .. = ;
simply U _axis =1 Uy*ms R
Step-4: ApplY the Concept of Projection
Moment about the x-axis: M. =Mo.Ux = 120N.m
| : Mo U= ~120N.m
Moment about the y-axis: M, = Mo Uy
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{ termin y

4. I ”lt .

nn”ll _ :
rve the .
A i ind § C

- =201+10]+ 15k

Solution: Apply vector approach. That1s
e L -k

HJ=;EKFE'+;.—THKFE= 0 3 41+4 > —2235i-76j-{-96k
SOl 4 12 -3

Now, let’s determine the moment about axis AD. The moment of
forces about an axis is nothing but the dot product of the moment at
a point on the axis with the unit vector of that axis.

Here, point A is on the axis AD and we have already, computed the
moment about A. So, we are left only to get a unit vector parallel

AD.Itis Uz = 2i+ . Therefore, M.o =M. U5 =-17.6Nm
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o f""'r *TTE B A B T
ﬁiﬁﬁ"ﬂ he phlte 1S Huppm tul by two Lahlea as shown below,

5 Sul pp['!be t
(f the tensior. forces on the cables are T, =9N and T,. =28N ,then

) E p]‘ES‘:i t
) De stermine the moment at O due to the tension forces exerted at A

compute the moment of the two forces about the axis OD
d)) Give the prg]ectmn of the resultant force acting at A onto line OD

he forces In vector form and give the angle between them

| Coordnates (i niy
A=(1.0.9)
B=(0.4.8)
C=(7.2.9)
D=(6.0.%)

. ress a force with a given magnitude, always identify a unt
e he line of action of the force and multiply by the

rallel to t
vector pa < will give the yector expression of the force.

en magnitude. Thi e
" tw : oints are given oil the line of actions of the forces,
e 0 d the vector expressmns easily as fﬂ‘iﬁw |
5

ﬁnd their unit vectors an ;
=g | ak

So, in vector form, T - 9
3~ 2. 6

i) AC=C- A=3i+2j-0

g |
1
)
oo
7l

L5
&L
st
S,
|

-}

SADI | e
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That 1$ cosd/ = f',.'_'r",t.'.- - 9(28) A ient due to th
e imply the sum of the moll . e twg
at 0 15 51 RS

) oment at

ained using
IR 1 R K
T f 8

Pt ek O 84 O
Vo =roi = proi X1 .
J'lfu—-h:_:?{?ﬂ.u 0 e feom, i =
92j+32k)=—1i25+132~;‘+5{5k

vector approach as follow:

_ (~48i— 60 +24k) + (64 +1 e
c) We need the moment of the forces abuuF Fhe El}CI'Ei gg;ﬁ .
\Ah@ AN U] RUT PEE APACT AARCRT® 06 RIAAGE:
Recall: To compute the moment of a force abouta given line or axjs:
First: Select a point on the line and compute the moment at that
point. (In our problem, you can select O because it is on line OD)
Second: Identify a unit vector parallel to the line or axis.
(In this problem, you can take a unit vector from O to D)
Third: Take dot product of the moment you get in the first step witha
unit vector identified in the second step. |
Ad AAAPe Su-k PAROE PP 10PF? OK! hi0PF hav(eiSap: Phphe

0870 APMPT AAPEATPTI hePOSAD- PRI ET® 0T INFART RAGC
079G LiFATA:: :

Any way! The basic concept is that you don’t need to select a paint
and compute a moment again because you can use the moment
computed in part (b). Look! In part (b), we computed a moment al

point O and point 0 is on line OD (about which you need a moment).

>0, you need to identify only a unit vector parallel to line OD.
That is (s = 3

§f+-5-k. Hence, the moment about axis OD is given by

Mop :HG.E{}D =(=112}
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1 Of tht twn furu:a

at A 1S Hm\ply the sun
Then, the projection of R

allel to OD.

j Fo ||tur|r|_, el

\ ihlrrd “‘_‘”
e altant fOrCe
4.1 : . |
) _jr H; " Jil Talk: (&7 - li.}' =
Th 1 .
oD is the with a unit vector pat

Jine Oy = R E"
{\nl} ) = K& o=

Th 1at is |
cross-arm as
gram. I the cables

HON respectively, then,
and T , - @8 4 vector using i—J

ONLO

t i"’ .L —=

sembly 1s quppmted by the three

yole and
CD and AE experience

:ah'lES a5 S cuwn in t‘ne dia

th ten*‘-;mn% Tep

—k

Dntm line GF in yector form.

ent due to the tWo cable forces at pnmt O
tat O along the line AE

momen

Solution:
a) Observe that

y T= TUCth re UCD

gwen b
i+ vector I first.

basic task is to find thl.q uni

- SRl
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ST

1 to the 1eft of the ur'-g,m dlnng
. Besides, since it is on the xz.

tht coordinates of point Cis

of the origin on the y-axis.
s D (0,6,0) Then, the directeq

iaction of a vector along line is the dot product of the

¢ the line. In our Case,
is 2 unit vector from G to F . From

b) The proj
uectur with a unit vector alon

-(TunCD)U where UGF

4

G=(0,—-],4) and F=(3-10), wehave U, =31 —5k.
=33N.

¢) Here, r@Q—A. (= 4kand rm—j:D O 6j. Therefore,

i e K
Mo_rmxTAE{rb_ﬁxT(:D— g 4i+0 6 - 0
R0 -1 15 30 -3
= ~180i - 48 j - 90k
d) The projection of :
m)Dmeen f:?e:tm of a moment along a line is the dot product 0
ctor by a unit vector along the line. In our case

P ondE=M |
M -U Wher - . | _
o7 byl ¢ U ,pis a unit vector from 410 £

u:_,] F _:'_-_k “lE‘fEfOI'e P
BHAE = m.

f the
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19 Couples and Couple Moments SN
gples: Wwhat do we mean by a couple?
on-collinedr arallel forces havi 3
Two ”.' e P | rces having the same magnitude with
Josite direction are called a couple. A moment produced 1
ik X oduced by a
co rces 15 called couple moment. In short, a couple mnmerft‘
- : =1 4 j 1?’
Smply called a couple. Consider the action of two equal and opposit
- posite

s and — F that are situated at a distance of d apart as shown

! _.—-——___.___——-—'_-_-_
";_Equal and opoposiie forces produce a couple ' \
. "“.

- - i
These ate Opposite \

Lines of Actions |

o Illl

-
'

- -
Here. d 13 the perpendicular ﬂi%tante\_
hetween the forces and 01z afbltraﬁg't
point at a dustance of x from -F

PR

%
i
|
;
These . two forces cannot be combined 10t0 & single force because
he directit:ms-ﬂfbuth forces 1S zero. As a result, the
nslational effect (no movement in the direction
their effect is 0 produce 3 tendency of
produce 2 moment about an axis. Then,
g about an axis normal 10 rheir plane

their sum inint
forces have no tra
of either force). Hence
rotation. That is they simply
the moment Of the two force

1nd through any poin | .
Couple moment aS éree vector: The magnitude

£ is what We call a couple M.
. of the couple moment

independent of the distan
n the distance between the

depends 0
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Mﬁ‘.
A by couple forces has the

oduced
nd it can be placed anywhere gy

in r.':rur.w;if the body. As a result
egorize d as a free vector.

Solution: Here, the forces are eqﬁal and opposite. So, the moment at
any point is a couple exactly-equal to the product of the force and the
distance between them. From the diagram, the distance between the
two forces is d =80mm +160mm +260mm = 500mm =0.5m

Therefore, M, = My = Fd =150 (0.5m)=75N.m.

Check! You can justify the result or convince yourself by : alculatmg
M, and My separately as follow.

a) About point 4: To find the moments about point A, first find the
perpendlcular dlstance of each force from point 4.

H""‘!’M& AT r% ' | !ﬁ
LT 207

BEP DT AINP R 21 (oo 90 409 1000 e s 2 A3haadd 403

[ [feran



Wechanics- by Begashaw Y. For vour comments and st esiions. s (M- iedi-h -0

e

0.26m

f .'_'ul_ﬂ'lil'f""'[f".t-’

i,rlrri"’_f_‘f;i;;;lﬁﬂﬂf"ﬂ*’“ = e "
oo see fromm the diagram, F'is ata distance of d, =260mm =
7 B

fd, = QUMM + 160mm = 240mm = 0.24m.

..t g distance o

. As we see from the diagram, Fisata distance of

b:’J H6OmIM T+ |60mm = 420mm = 0.42mand Pis at d 9= 20mm = 0.08m.
't P .

| . 5.

ThEFEf‘:}re* ;"'r;fB = Fffl + Pifz =150(0.42m)+150(0.08m) = 75Nm

on: What do you observe from part « and b ? In both parts,
t the same couple. This means that a couple depends only
o between the pair of forces but it is independent of the
(the center selected to compute the couple). |

le moment is categorized as a free vector.
g on the Cross bar as shown. Find the

QuESti
we have 80
on the distanc
moment center
That is why a coup
2, TWO couple forces are actin

net couple moment.

200N 200N

100N

s A T e LT

-1 0.75m

PR R AR SRR ATl

100N

t produces 2 clockwise moment

Solution: While the couple on the righ .
produces 2 counterclockwise

which is negative, the couple on the left

moment which is positive. |

Therefore, M =100N.(0.75m)—200N0.5m) = 75N m —100N.m = ~25Nm.

S
e —Tar—— ar. ==
e —

LYo hT ALLECT DL hT ANT P 24 Neem#° 1 S
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B xd by Bewashaw 1. For --
| Hand Book of Engineering Nechonies-d BY e oo : :
bl —— -nN <hown below produce a ¢g
"3 If the couple forces with F =250N shc ‘ Fetes “Big

: : ‘hat are the coordinates of point P?

moment of M. =-500N.m,V

e

Solution: First express the couple forces in vector form.

Thatis F = Fcos30°i - F'sin30%j=125/3Ni~125Nj .

Now, find the position vector from O to P. Assume the length (_)—ﬁ.zL.
Then, the coordinates of P becomes P =(x, y) =(Lcos60’, Lsin 60t’) :

So, the position vector is rar = Lcos 60" + L sin 60°j = 2 i+ V3L j.

e g =

Therefore, the couple-moment of the couple forces is
k

I ] |

ﬁ?ﬂ':;ﬂ—pXFz g ' l/-—s—L 01:(
5

125V3N =125N 0

But we are given that M ==500N.m. Then, by equating the values
Me ==500N.m = -250N L = %

==500N.m = 250/, - 00m =L =2m

125N 375N

2 2

Therefore, using OP=1=2m and the angle 6()’

be = = '
comes P=(x,y)=(L c::-sé(}“,_Lsm 60%) = (] m, x@m_) .

L2 Ik =—250N Lk

, the coordinate of P

F ™S
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soltedic couple force system is given in space G
45 what i the couple moment of these couples? :
1;) pind the PE"pC”diCUlHr distance between the lines of action of the
IWU f{}]‘EES
y
A (0,6m,0)
_F=-2i+2j+K F=2i-2j-K
@) &
B (0,0,5m)
Z
Solution:
a) This problem is simple if we apply the Vector Approach.
s el |
Thatis M = rai x F = § R _3==12i-6j-12k
v L

M bya couﬂe forces of magnitude Fis
ular distance between the lines of actions

M

of the two forces is given by d = —~,

=

b) Always if the mnmeﬂt
known, then the perpendic

In this problem, d #T
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1.10 Force-Couple System

rces where the lines of action of 41
y pointO, the line n_f action of the
through O. Because of this, the resultay,
the moments), about O1s zero,

Hse "”'-‘“'#:i
. 'l’l,?.@_

EepreseHMﬁons

forces pass througl
resultant force also passes

moment, Y, M, (the sum of

However, for parallel force

. ot be zero rat
R but the moment need n s :
#3 In eeneral, as we have seen at the beg:nmng of this chapter, a fun:e

applied on a body has two main impacts on the body: the te“d*"“ﬂ}f to
move the body in the direction of the force and the tendency ¢,
rotate the body about a given axis or point. This dual effect of the
force can be represented by replacing the force with an equal paraljg
force acting at different point and a couple produced by the
original force. This equivalent representation or replacement js
known as fmre-faupfé system representation.
Conversely, we can combine a given couple and a force which lies ip
the plane of the couple to produce a single, equivalent force.

Procedure to produce force-couple systems:
In representing a force system b
the basic tasks are;

systems, the resultant force can be Z6rg
her it could be a couple,

¥ an equivalent force-couple system,

First: Determine the resultant force of the given system
Second: Determine the resulta

Here, you can put the force. In two ways. Either by putting the

the f _ .
vector form (In thig case, the direct: F”‘Ce or by putting the force in
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2262

p{}he you have gnt a new force-couple system at A, Apain,
- he challenged to determine at what distance d from A%J £
ra

oint P must the resultant force be placed so as to have the
effect .t A as the force-couple representation.
distance or the coordinate of a point P is determined

quation M, = — F..d where F,is the resultant force, 4is the
ter and d is the required distance.

new mnment cen

Examplesz |
{. Given the force F'=500N actingat 4 as shown in the diagram.

2) Replace this force by an equivalent force-couple system

i) At point O ii) At point B
nd the distance between O and C if the line of action of the force

b) Fi
can pass through point C.
y
F=500N '=
i
i
; E
3 5 |
T
i
E 300mm
B gl L .
e e s
' |
500mm —

Solution: First: Determine the resultant force of the given system.

Since we are given a single forc
Second: Determine the resultant
First, notice the smiall triangle 1
angle near the initial point of the
of the force. This means the gIVe

e, the resultant1s itself.

moment at the required point
ere the acute

gle

s a right triangle wh
force indicates the inclination an

4
angle of A with tan9=§—, sinf=—> cosf =7
4 5 :

TAVE 4L zﬁmcﬁ?dﬂ’fﬂﬂﬁ?w

Wﬁlﬂr'i

b
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of Engineering Mechanivs-d By Begashat’ ”L ef;--e.:«-zﬂ;“' - Bl
il I T L R SR - N
- ekl N, F.=Fsn g = 300
B 5 !l? [ -""400 ] _|'

So, F,=Fco  ave the following diagram.
|

. :
Using these components, W

'FF-_“H}?':

Bl
it ]

F. = 400N | g, = 300mm

]

I
————————————— -.'-{j—ﬂ- —--!-—'--!—--—q.-—..‘.

B—id = 500mm =}

B a) About point 0 Since the line of action of £, = 300N passes through
- = = |
' 0, it does not produce a moment. Hence, MO = F .rdz = [20Nm.

Third: Draw a diagram that shows the moment with its direction ang
the orientation of the resultant force at the new moment center.,

Therefore, at point O the system is replaced by a force F =500N and |

a moment of MO =120Nmin CCW direction as shown below.

F=500N

Force-couple replacement at O

b) About point B: Follow similar procedures as we did above

In this case, both components of the force produce 3 moment

Hence, M. = d, =400 |
o Mp =Fdy +F.d) =400(0.3m)+ 300(0.5m) = 270N

=500N 5=!m’l3

4

M43 ' _
POt Bty Asheandt 409

d b
1_!!{";#
7 He

rhe |
mea:

thi

th
Oi

< |




s flrm 'H' For vour comments amd sugiestions, wse 19 MLLD (96D
= =y m:ﬂwmm- -H-

tem h} a force- -couple system at P and give

18 ﬂ:]rt_e W‘*
of app 1;.:1tmnAﬂf the resultant force along x-axis as

nt
poi! Justify whether A is to the left or to the right of P.

sUI'c
¢ 4 Fy=125N
&

F, = 20N

[ ol ¢ ey |

= ¢ X
- 2m - 6m Im _1.___ dm _1_—
Solution:

First: Determine the resultant force of the given system
Since a1l the forces are vertical (along y-axis), the resultant force is

R=Fy- F FZ-—IZJN SON = 45N, Thatis R= 431\1]

d: Determme the resultant moment at point P.
=F (2m+6m+3m+4m) + F,.(3m +4m) - F5 (4m)
= 60N.(15r_n) + 20N (7m) - 125N .(4m)
— 900N.m + 140N.m = 500N.m = 540N.m
Third: Draw a diagram that shows the moment with its direction and
the orientation of the resultant force at the moment center P.

Secon
M p

A Y

R=d3N
Y ] —» X
15m P
Force-couple representation at P

For the last part of the problem we need to find a distance d such

that M p=Rd. Therefore, we have M p = _pd=45d=540=d= 12.

Observe! the pmnt of appllcatmn 4 must be 12mto the ”ght f e
' | Wa ey 410

B . :
S —— hmfﬁ- PRSP VP

s
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e 12800 s R=—200Ni+634Nj, i o

: t force of the |

a) If the resultan , ,

) &0 replace the system by equivalent force-coupje at

1000N

b) Using € =4

¥

i Jm
1500N

Solution: Let's denote the fﬂrcesfi =1000N, F2 = ISUON,F3 = 700N

First: Find the resultant force R .The resultant is R=R i+ R .j wher
. X iy ¢

) R_=1000Ncos 60° ~ 700Ncos® = S00N - 700Ncosd
1) R, =~1000Nsin 60" +1500N ~ 700Nsin@ = 634N — 700Nsin

Thus, the resultant force in terms of unknown angle 4 is

K=RI+R j=(500N-700Ncosd)i + (634N - 700 Ncos8)j

= T00Nsing);

=~200Ni + 634N;j
= FUUN ~ 700 Ncosd = ~200N { - J
=

=700Ncos® = ~700N

634N~700N5in9:634f‘4 - 700Ng; )
Sinf = ()

:}{fﬂsgﬁzb{{?:ms'l{lj:{}”
Smé =0 ﬁzsin"(ﬂ):{}”

L3I F’.?'H ‘ .
L T e p— 2 e agn

T 0e. = ——
N30t D213 p3peagy 411

| Hﬂll_l_l'_lfi;_ﬁ_-l:‘ _1‘
Theref{m
R =-20(

‘D) Givel
First: F1

There

Thus,

Direct
them

That i

itis lc
Thus,

——

LD Py
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I .I'H;' Hr F" I - e

o three given forces will have a resultant force of

th
~ _9Q0ONI +634Nj only if 6=0.

R= e 45" We need the equivalent force-couple system at O.
F)rst cind the sum of the moments at O due to the three forces.

ing counterclockwise moment as positive,
Q. sm) + F y_(?:m} - Fﬂ _.(1 om) - Ff,y.[_‘.ﬁm}

_ _500N.(2.5m) + 866N.(4m) — 494.9N (1.5m) - 494.9N.(3m)
_ _1250N.m+2598N.m~ 742.35N.m - 1484.7N.m = -879.05N.m

Second: Find the resultant force R.
The resultant force is of the form R=R HRyJ where

VR =F _+F +Fy — 1000N c0s 60° - 700Ncos4s’ = 5.IN

"'=d = —1000N si . | - in43" =139.
iR, Fly+F2_y+F3y _1000N sin 60° +1500N — 700Nsin45° =139.IN

Thus, the resultant force is R= R i+ £ 5.1Ni +139.1j.

Direction: The direction of the resultant force is determine by finding
the measure of the angle it makes with the positive x-axis.

B il . ik
That is tan® = R} = I'fil ~87.9°. Since both components are positive,

it is located in the first quadrant.

Thus, here is the force-couple system representation diagram.
& _'I_f :

R=139.2N
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Solution: Let’s denote the three forces and the couple as follow:

Fi 70N, F 34NF —IDE\TN and the couple M,. -4’?Nm

First: Find the resultant force in the form R = R : +R j

. l-l"

)R =F -F, —F3I = TON(%) = 34N - lanENcus4_5 N

R, =F, =, =TONG)-10:V2Nsinds? = _g0n

Thus, the resultant force is £ = - - 60N;j.
Second: Fi
d: Find the sum of the maments at A due to the three forces

Cos 457 ( 0 (7)

Z ?0(34-)(3) ¥ 70(3*»)(3) s szi

o ~ 102f cos 45°(10)

M+336N.m + 714N.m

‘—-—.._,.-—.-.____ ___________

M=1020N.m = 198N




”-rn HHJurmh.i rn J'nuuhsm H. lni Hmrnm.m. nis .””| ittt ,H“”m ik (19 {”. LG99

o rF’ !-“ F”" __
= B s e iy

ad bk =
|l ﬂ#e sign of lhu ”I‘v’t’ﬂ LUUPIE M. =42N.m is taken to be

T R _'l.—|l_"‘.‘-r1.-!— _"'F ___.'_n__.-.

i@ since its Arrow shows counterclock.vise direction.
ysitly
pe the resultant moment at A is the sum of the moments

nqnd the given couple M, =42N.m.
it = 98 N.m +42N.m = 240N.m.

ientation 2@ ﬂd DlrECﬁGHS' For the moment, the direction is
determmed from the sign of the resultant moment. Since the
resultant is positive, it is simply indicated by an arrow pointing
munterc%uckwme For the force, the-direction is determine by

finding the measure of the angle it makes with the positive x-axis.
It is obtained as tanf =g =3=0.75. Since both components are

negative, it1s located in the third quadrant.

o tand=0.75 =0 =180" +tan” ' (0.75) =180" ~36.87" = 216.87".

Oritcan be 0 =143.13" measured in clockwise direction,
Thus, here is the fDI‘CE couple system representation diagram.

}]‘

R = -80i - 60]
Furceimupla system Representam}n
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= ;.;mw= *"1- e h N
< subjected tO six forces as shown,
e jcture 18 s
" 5. The roof truss strt
> - rce-
a) Determine the equivalent 0

' ac
b) Find the equation of the IIHE'.‘ ﬂri; .
give its x and intercepts (poin

Wit Book of Engineering Ve

couple system at A

rion of the resultant force 3

dn
here it crosses the X and y 5 d

Es)

§0ON

Solution:

a) We need equivalent force-couple system representatibn at A:
First: Find the sum of the moments at point A.

M,f=400cnsﬁﬂﬂ(S)-400(2.5)4800(2.5)—600(5)~800(?.5) .

T 2 = e

-

3 M gl B S
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Thus,

of the line of action of the resultant force:
be any point of the line of action of the resultant fo
nmoment at A from any point Pl y)iofl it aF s ree.
esultant force is given by the vector approach as: lon of

IJ__fi o
o Equation ©
[_.Et P(,l._. J
Them the It
i J k

1"?:?‘.‘;}: X

550N —2200N 0O
gut by ap

e whanies by Bevashaw W. For 1uurdmflml-'ﬂh and sttt
estions, o H"J' ;H AR

_J:"l"m":_"'"“'" ""l"'_"'"'_Tl_.-H.T' mj‘

= (—2200Nx - 550Ny)k

plying the principle of moment, we have
_2200Nx ~ ~550Ny =~1 |000ON.m |
= 2200x + 550y = 11000m

—-4x+y=20m

the equation of the line of action R is 4x+y= An
«intercept: Setting y=0, 4x+y=20m= 4x=20m=x= Sm.

y-intercept: Setting x =0, 4x+ y =20m= y=20m.
Hence, it crosses the x-axis at (5m,0) and the y-axis at (0,20m).

6. Replace the general force system below by an equivalent force-

couple system at O and show the representation using diagram.
F4=lﬂﬂ'ﬂ

@




'.””mnwn' fiﬂlf H_{_r"-.hnn tse .2 H.m

or Y
ol L -_*’_"_"_’*_"f*_“j’; ﬂiii}:ﬁ” Il :: .’ﬁ&’fi-'fdcfuw a gi V:;Fﬂ'}ﬁ ;:::ﬂi"i
Solution: What are the Jf? 1 Yoy don't know the answer fn 7*, COI
by a couple-forcé syste f o solve the above problem is like try 2) !‘?“Efp!
cnnce'ptl.fal qufe Srt;-ﬂ::; gth;ut any skill of swimming. p) Give
to swim In Lake | :1 e mq’“ﬁ“! )

force system by equivalent foren

A rtant Ti
]mpnle S stenp‘; we have tWoU basic tasks: To determine the reﬂ‘lltam
::flentyat th;:' required point and to find the resultant force, Okl
By considering cCW moments as positive, W€ have

My=h E, (4m) - F5 (2tan 45") + Fa (6m) — F (2}'“) > F_éy.(?m) |

_ 600.(4)~750.(2) +150(6) - ~4(200).2) -3 3(200).(7)

_ 7400N.m — 1500N.m + 900N.m = 320N.m — 840N.m = 640N.m
es, the resultant force is of the form R = Ryi+Ryj -

Besic
(B 20F aF, P, - £(200N) - 750N = 590N Solu
-~ But{ Rk | 3 | a)F
| Ry=ZFy=F]+F3—de-=6DD+15‘0—-§(200)=630N i) M
M.

Therefore, the system can equivalently be replaced by a couple
moment of M O:&:IUN.m and a resultant force of R = ~390Ni +630N],

Here, is the diagrammatic representatiﬂn of the equivalent system.
| | | i) |

R=363N : - M
v . | . !

9 133.0°

\ i - i)

Lr = §40 Nom : d




m-tﬂer“tfﬁe &unml ﬁm:e Wﬁtem aeﬁngaﬁzm i '“ St

..r' ,1'-'.:" L ‘
W tzhe inter t wher . |
ﬁi cap e the resultant force crﬁﬁﬁaﬂ@e fm

-‘Suluﬁun_ _ =
a3 FII'SII, ﬁnd the moment uf Each fart:e at {J Then, add the results.
i) Moment by e - = e

M, = P (511151:140 )+P {Eln-tﬁnx:ﬂsamuﬁm)

- =20sin30 m3{]“ (55! m40 ) " Zﬂcns 30(2+ Scns40° +6)
—32 le+204 9Nm 237N.m

u) Momentby F :
= F (2 +Scos40° +6)- F (Ssixﬁ()")

-*20(1)(1133) ~20(2)(3.21) =141.96 - 5134 =90.6Nm

ke iif) Moment by O
M, =-0, (3sin0")-0, (6+3c0s40")
_—60sin50°(35in40°) - 60sin 50° (6+3c0340 = 470\1:11




i{;—; on the y-axis where
Jtant produces _M{, =3 ﬁrw

e

@ Force-Couple Representation at

T [ E

&
4 4

iy B e

f'-;:f.-bnly R that pr’ﬂduces-' ;:',:fg !

.....

! "‘hﬁ is the correct orientation 2
f;:-f Lhe I'&blllt&]lL ;

|

b) The intercept wherﬂ the resultant R Cmﬂ*q:f
the y-axis so that it gives the same mote
at O as the original forces

+r y
- e
1"



et Lo ...“ f:'.._.l..

Eesuies,, its dlrectmn angl&

ﬂhtamed as H=tan (—--)— ar

.*T.’SN m- 9{}N m=-165N.m
he orientations.

Third: Draw a dlagram fhat sht}Ws

!"

M,& FH&N.III

i \ : — X .
I"-.

7 ' A . 184
| = R =474N

rmmhmwmwmmpmn
ine of action:

b) Technique to determiﬁe equation of thel
Step-1: Find the resultant force
@) _;ED-Z Determine the resultant moment at
OO ¢ AT Nhtain X and y-intercepts of the line 0

the origin O
faction of the resultant




-couple systemat O
&ctlon of the resultant fur

.._T'%Ctmn of the resultant

-

4N |'

n equivalent force- couple at 0
2 resultant force g = Ryi+R
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Therefore, the resultantis R=R j
R, )= 6Ni+2J3N;,
~ Next, compute the resultant moment at 0.

M, =T,.(4m) =T,.(9m) =T (2m)
- T'cﬂsﬁﬂﬂ.(ﬂll‘ﬂ) —T sin GDG.(QIH) -T (Zm)
= 2N.(4m) - 24/3N.(9m) - 4N.(2m) = —1843N mm

b) Here, we are asked to determin
f H b e the €quation of the line of acti
of the-force. How This is possible? action

Technique to determine equation of the line of action:

Step-1: Find the resultant force

step-2: Determine the resultant moment at the origin 0

Step-3: Obtain x and y-intercepts of the line of action of the resultant
Then, write equation of the line using the two points in the 3t step.

Step-1: Find the resultant force. We found in part (a), R= ﬁ1+2J§1
Step-2: Determine the resultant moment at the origin 0.
in part (a), the moment at Qis M,= =—18/3Nm.

Step-3: Obtaln x and y-intercepts of the line ot action of the resultant
X-intercept: At the x-intercept, the resultant force will give the same

moment with the force- -couple system at the origin. But at the x-
intercept, itis only R, that contrlbutes a moment at the origin.

Mo|=R, d. =234, _133Nm=d, =9m
ptisata distance of 9mfro

Aswe did

So,

Here, d, —9m means the x-interce m 0. It
could be to the left or tlo the right of pis
on the right of O, the pmnt L
intercept is on the left of 0, the poin
* What shall we do to identify the €O

rervact intercept). Anyway, the correct X

0. If we assume the x-interce
sume the X-

(9,0) and if we as
8 15 P = ("950) ;




| Mc
| _ Obs E}‘Eﬁﬂﬁlﬁt the two 100N fﬂrces
0, the moment of these forces IS @ couple moment given by
ct of the distance between them with the force magmtudﬂ Bes
_}smce the forces are horizonta] angq tangent to the disc, the S0,
ance between then s D= “2R.
_"i -
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300N.Then,
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,{(6mcos30°)
{4m + 3mcos45°)

8(2.12) +150(6.12)

.OGN,F3
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— X

= XA

B‘Eilf}:'mm | ﬁ?ﬂ AJ H’ :
= -

fl'.:(‘--ld'h -ﬂﬂb)f:'

tive, we have
0.4m)

5D Eﬁsumlng cl&ck‘mse moment as nega
ﬁ 3m) + 1S0N(0.2m) + 150N(0.2m) LOON(

0N.m + 30N.m + 30N.m + 40N.n = 160N.m
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| Hand Boo¥ of Engineering Nechanies-l by Begasha ), F"r:‘."m.- O sl el 2 s e
SEmHHrIY' the two 200N forces applieﬂ'—at_ thﬂl ;’:‘ff:? d‘:‘*wmm "- | t
are couples. But the distance between them is not clear e rectangle

5o, it is better to decompose into components. If we do so, the
distance between their y-component is eqﬁzﬂ w -fhﬁ t-' | mﬁﬂ}ﬁ
.rectal’lglﬂ where as the déstance between their x{ﬁ.rﬁpaﬁ?ﬁ%iﬁzﬁfﬁ )

L] n ] ]
ssuming ¢ ~ '
Hence, by assuming ounterclockwise moment as positive, we have

) M, =100(2R)~300(0Bc0s60%) ~ 200 5in30°.(L)

i.
— 100(0.16m) — 300(0.6meos60°) — 200 sin30° (0. 1) = ~$4Num

s
_ Besides, the resultant force is F, =-300Nj.

Therefore, the force-couple system at O consists of a clockwise

~ couple moment of M =R4N.mwith a resultant force of F, =~300Nj.

__ b) We need a point P on 'E_he segment CB of the bar such that

OPxFr = M_ .But ﬁ=f?7°cnsﬁﬂ“i+ﬁsin6£}“j.

5};}( FR = MD' = (5?(‘:0550{}'[*.+ 5}3311‘160“ ]) x_F"R = .M{}'

= (ﬁﬂﬂgﬁﬂ“i'+ OPsin60” ) x ~300Nj = M
e -SU{}NE).ﬁcu.sﬁUﬁk = —84N.mk
| — 1500P = §4m => OP = 0.56m = 560mm
Furthermore, the coordinate of P is obtained from length
5 seomm as P (x, )= (OPcoss0’,0Psin60") = (280mm, 280 3mmm).
¢) We need the length OB such that M =-69N.m. Thatis

M =-69=100(2K) - 300(CBooss0”) ~200sin30° (0. = -6

— 16— 300(CBeos60”) 10 =6 — CB=0.5m = 500mm

Besides, OC = OB — CB = 600mm —500mm —100mm. 3
S0, the genter is C = (a,b) = (OCeoss0", OCsingl’) = (S0rm™->2 3mm).

- 2
_aﬂﬁ?._;;ﬂgﬁw‘-’_____u;._-—u—ﬂ_
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?lﬂ’ F, =150N

3

the X ssatx sfies tan — SO‘E' =] = tan™ (1) = 45°.
_ S0y T Y=tan ®
Sts of

==L
i
N o L]
Sy o
..,

0, the System cong; nly a force 5 pplied at A.
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._4;; The unit cons
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e Beokof Engiaeee SHECERE Y it

le and twoO tensions as shown. The tens:

on forces exerted by the

pels are Securey wrapped onto the two pulley surfaces. Determing
equivalent force force-couple system at the pui;’k:::fﬁw i

SON

100N

e

¥ = 100men

ry =160mm
- X

Solution: We need to find the farce-cﬂupie-fepreseﬁmﬁﬂn at 0.
Mp=Fyry = Foy— M2 100N.(0.16m) — 50N(.1m) ~11N.m =0

gE2=

Besides, Ky

— 50N cos30° = zsfm,.ﬂy _ 50Nsin30° — 100N =—T5N

Hence, the resultant forceis R =25:3Ni - 75Nj.

Besides, the direction of the
positive x-axis (o the resultan

o oo |
ta_nﬁ- Fesie = J§:>E}

Therefore, representation cons

resultant force (as measured from the
tin clockwise direction) is given by

st R =00

icts of a force only as shown.
¥

&




mF toF an_d_ from -Pt
d using trigonometric as;
0°)=(-026.0.15)

e

':.' j’?

1€ position vectors are rai =041

" +0.41F cosl5" -155.8
=0.41F(sin15° +c0515°) ~155 &




ineering r Mechanics-

. wﬂuvﬁdfﬂﬂ' bt el o
ﬂt Mc = il cluckwlse The“ h? Equatmg the va}ues we hﬁv& :

__j00N.m=> 0.41F (sin15" +cn515“) 155.8N = ~100N

Mc = S

— 0.41F(sin15" + cos}5") =55.88N

= 0.504F =55.88N = F =111IN
b) given F = =200N and P =300N. In vector fnrm, '
F= _200cosl> 04 +200sin15" j=193.2i +51.8j, s 300 coséh+300sin 6
Using mmxlar procedure, we have "
M-E..{j:}r.m KF+FEDKP 0

I R J k

1041 . -041 O+ 0 06 0/=0
1932 518 0 [300cosf 300sind O

— 180 cosf =100.45 = 0 =cos’ '(0.558) = 6.1

16. The furceF-ZﬂON and the load W produced a- resa}’aant
moment of My = =250N.m ina counterclockwise directionat B. Then,

a) F :nd the allowable value of the load W

b) What is the resultant! moment at point C? -
nt and a force at point B

¢) Replace the system with2 couple mome

Py

= b -

} LU3 7,54 1 (0007 @EF RT AAT 0g 21 No°m



(4‘“5’“ *-*0“) S0(3m) =250Nm
"'“2001-50.]

£




I L
d sugzestions, use gy

e T PR

pegashatt i, For your 'Tﬁ'ﬂ'ﬂ{ :
s vector form. TO express in you

m—ess the Rop
First: EXpress .+ vector

parallel tO the line of actiop i
) on the liné of aFtinns of the fnr%
_ xpressiﬂns EHSily dS fCl]:]DW. ]f}’{}u EXEI‘M |
we can find their . +< from the diagram carefully, yoy wil

the coordinates of the pumts_ o S inosc e 4
the points to be ,4..(0,0,3),8—;(0, 0), : &

) E;B—A=6j—8kﬂ§§_=%(6j~3k)‘_;-S-jj—gk

So, in vector form, Fr=F, Ui = 51(1_‘*:! (% ;g -:— k) = 3kN] _.4ka

i) -C—ﬁ?D'*C=2f;3j—6k:>§Eﬁ=%—(2;‘—3j;.6;¢);%j_% .___r;k

— 6 g -5 '
S0, Fo = F, U= TN (%_f—% j-24) = 2kNi - 3K - 6Kk

Second: Find the‘ resultant moment.
The moment at 0 is simply the sum of the moment due to the two
forges. It is easily obtained using vector appmach-a.s follow: 1
B ok k]
-Mn=_fﬁ.KFE+F£TﬂKFﬂ =0 6 01+2 -3 0
0.3 4 2 -3 -4
| = -24i+18i+12j = —6i +12
Third: Find - -
the resultant force and its direction.

The resultant force s s;
€15 simply the sum '
- 'sum of the | ans
the resultant force js R=F, +Fp = SKN; | WO forces S
= IKINI-10kN.,

Vector expressi
| ession
S of the results: Notice that we have alfﬂﬂdy

{ Jland Bo

SO, for

\

i) cos
j1) €O
1i1) ¢«
Simil
1) cOs
i1) cC
1) c©

Ther

‘bya

(6.,
with
19.F
force



es of tWO fﬂ

Sﬂluﬁﬁn' Given the magntmd

ified by two points. \

4t O in vector forms Wi

couple representation




"




R o d
ATt e L
Rl Zuias
“) ms H'}, = -E e 0 - 9‘1' = COS (D} - 90&
R 10
i) cosd. =7 :"ﬁ“‘_ﬂ 895 0, = cos™(-0.893)=153.3"
gimilarly, for the moment vector, using cosine directions:
M. .6 | g
B, == =-0.448 = a_=cos™(-0.448) =116.6"
TR L a T . 40
e =—7 =" = a, =cos (0.8396) =264
M, _ u |
iif) cos&, = Y 0=>a.=cos (t}) 90

Therefore, the system is represented by a force- cnuple mﬁmefﬂt at 0
by a resultant force R=Fs+Fp= 5kNi-10kN'in the directionof
| (3t,91,,83)=(63*5“,9.0 1538 “yand by a cnuple moment Mo -—6:+12 J

with direction angles(aﬂa}.,a;)=(116.6“, 6._4“,90. e
19. Replace the forces and the couple system below by an equivalent

force-couple system at point A.

20N

i 5, 0N
:L I.JHF; ,.-E’ e ;{_lfo
~ v - -R‘S'F-
-YTt3h yot gafeagp 0T i
= I
BCA VAN AN NI DO yoheandl 438
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zﬂr l ' : o £y =4 : _ _ .. - =
B RE‘PIHEE the fnr_f:es by a f‘:’r‘{ﬂ*ﬂﬂume gYSEEm-hnth alt f} .3;;,; Ei’wn
. p) Find the coordinates of point Q if the force-couple ; temP &
be replaced by 2 single force applied at point 0 Sys _ at P can

¥

Solution: _

1) We need to replace the forces by a force-couple system at O
First: Determine the resultant force of the given force system.

<. = G gt =
3 F,_=0,F, = azN,FBI = F, cos0 =~ 3 (60N) = 36N
3 : e s Sk =
i, - 52N, Fy,, =0, = Fysing = -2 (60N) = 48N
Hence, R=R i+ R j = 6Ni~ 100N;.
Second: We need the resultant momentat 0 and P.
AtO: AtP;

:

M, = F,{4m+ 1m) — Fy,{1m)

My=F (A3m+4m) - FZ.(Bm)
= 42N(5fﬂ) e 36N-(1m)

3

=36N(7m) - 42N(3m)

| - =126Nm :174N.1’fl

' " £ J
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a) TO€ .
Iﬂ.f.ﬂﬂﬁﬂﬂa t,hﬂt is along BC. Here, B :(052255035 C= (0 3:3%

Here, @ unit vector along t

That is BC =-0.225j+0.3k,

Th Erefgre, in vector form, P =PUwx% = 2[}0(—% j+ %k) - —m; +160k

b) To determine the moment of P about point E, first find the
positiﬂﬂ vector f-mm E to any known point along the line of acﬂm ﬂf
the force. In our case, point B =(0,225,0) is appropriate because ms
on the line of action plus its coordinates are known,

~0.4i+0.225).

Therefore, by vector analysis the moment is given by

Thus, the position vector becomes 15

ﬂfﬁ_:;.ﬁx:‘;:

moment M £ on

along the diagonal CE first. It is Ucz

Therefore, the moment

MC‘E I-'-UEE.ME :(i;-i—%

- d) The projection of P on the diagonal ODIS sl

of Pwith a unit vector Ugps along OD. But S d

tin !
—-04 0.225
-120 160
c) The noment of P about CE is simply the projection of the
1 unit vector along CE. So, let’s find the unit vector

-0

i

he diagonal BCis obtained as

T follow;
BC““—"{J.B‘?S. So, Uil

i+ 2K

) |=36i +64j+48k

of P abﬂuf the axis EC becomes

___I___‘H_____._.._—-r-—

mply the dot pmduﬂ

i+-§-k'-




o ¥ T

R . _,”.'u__.-_._..ﬁ.l-. i\

* T4y 11l
st

fie moment of P 1{151]1 the axis CE and 0A E- |

B LS




e
}3 is |
fiisk
pro
.o EHIE
= =K. in
respeCElVE unit vectors Ux =1, U" J IU chis» t
i) Moment about X- axis: M= Mol =—648N.m posit.
ii) Mﬂmentabuuty axis: My =MoU, = %DN:m the It
07
ii) Moment about z-axis: U = Mu U. =336N.m. Neg
d) The directions of a vector means the direction angles it makes. 3 the T
with the coordinate axes measured from the positive axes to the rd" P
vector. Thus, for the force vector, using cosine directions; 2
T 480
) cosl =~=—=-0640 = cos™(-0.64) = ’
P 750 - ( )=129.8
e 450
) €086, =—=—=06=0, =
T 750 =co0s ' (0.6) =53
. 7360 .
nl) c@s@ i = % :
E 750 =048 0, =cos™(0.48) = 61.3°
Similarly, for the mo |
ment vector, using cosin "
| e direc
i Cmg}_M __ 648 . tions: S
SN = o B = - :
ff o S (‘0'537) =122.5° Sir
H) cﬂﬂ% B 960 07
U T R |
3 ¥ 1206 Cos ( (}796}: 142?ﬂ
1) cosf =M _ 336 o)
% =0.279 ;
M 12{}6 — 9 = COS§ I({}Z?QJ 3 ?38{} |
-




_--- --'H-
I;

\ Hand

the diagram be-oW. 5= 3 fand
as;};n:::nF - vector form and identify its x, y and % COMPongy %
;; [};ermine the projection of the furce. F' on the line Cp 4y, g
the angle between the force F and theline CD | =
Compute the moment of the force F about the line CD
ot : ents of the forces F and p )
d) Determine the sum of the mom aboutg :
¢) Give the sum of the moments of F and P about the axis OF c
§ g
ke
D
T

I i, '2j s S 'ﬂ ;

50, in vector form F =Fl~- 80
AR = R | i"' i
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Bﬂ#’i:“;r fugineering Mechanics- by Begashaw . For vour Commmenty g
ook e O CORIENLS 0 s fions

CD —0A1-03K" ' 4.3
—_-—-.__.l___k.

|

i

b
T

_ FU =(-80i 240§+ 60k).(~ 21~ 3}y _ eun Mpend
) To compute the moment of the force F on the axis about the line 3
", first find the moment about any point on the axis Cpand then
rake a dot product with a unit vector along the axis, 'and then g
n this problem the unit vector along the axis CDis already calculated %
ity 23 N | cu
e = Hg ﬂgk' hiow, Calc.u.l.ate. the moment of the fnrt:e--aitfﬁﬁ?
pﬂmt on the axis. That 1S M -= ;E}}'?S-F . - : | 4
Thus, using scalar triple product, |
o Ualmxp=lr r rl=lod -12 -03
. o : &, I-80 -240 60 ¢ “

M

—

0=

5

raxF+roxP=| 0

=115.2N.m+115.2N.m=230.4N.m

d) The resultant moment of the two forces about point O is

!

—30

=72i-24 j—6i+8k=66i-24]+8k

j. : k
0 03+
-240 60

i (s
04 0 03
20 0
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o of E’l'ﬂ";-— | Sy IL!H_* Your comments and sugisestions. use 09-53-67-62-62

S S T T

yte the Fresultant moment, first of all notice that the two
p=12Nand Q:-3Ndo not produce moment at H. (Wky?)
.ns the resultant moment is the moment due to F 4__,1@%1?'
e resultant moment at point H becomes |
i S |
_ FeMc=[20 14 D1-40i=30k

3§ -—-14 -9 |
__112i+160) = 392k — 40i =30k = —1321 + 160 j - 422k
the resultant fo rce of the system. The resultant force acting
kis Fx ='E5+'I3+'Q'=33-14j—3k+1z;'—3f=5f-2j¥%k 5
at point H the force-couple sys.tem representatiém is given
e resultant force and the moment M as shown.

forces
This M€

Now, find
on the bloc
Therefore,
by putting th

e
Mz =—152i+160j-422k

?ﬁ'ﬂ= $i-2] — 8
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e Mechanies-I by Beeasha

| fland ﬂuﬂﬂ{_ EEEM—_,__ s w . For your COMMENTS Al styerpsin
: . P E—— ; L lt.'iE.| i (1) 5 _
the forces are express ed in vector form e f{ﬂwi - i5¢ 09-38-3.62-62
oW,

Thus, e
- 8_' 4
=T " :F _—'-.___—‘:'361’\] o i -_l
g FamFUB = e gp = 0N GGI+S 1 ~ S0 =32 1 16) -4k
X — 16y TU‘_'.'—_'F_—_.—"_"ﬁﬂN i 2 3 : 1
]1) Fe Fot/ch " CR (]25 12_1 Ek)=4ﬂi—2ﬂj_4m{_

Thus, the angle between them is obtained using dot product

P 1120 o o
W e e il

b) The resultant is the sum of the two forces coordinate wise
Thatis R=Fi+Fc=72i-4)-4K.
pesides, its magnitude is R =y/(72)" + (4" +(<4)" = /7136 =845N.
Furthermore, for a force vector in space, its direction is specified by
computing the cosine directions. That is -

i R 9
N ] == —— =R 0 ¢ <0 e
e T = 0, =c0s™(0:852) =316

s = o G o (0047 =0

2 e - damedise

- R4 . | '

: cosh =—=~=—-——=-0521=0 =cos (=052 =121.4°

gl L et

S ¢) The moment at O is simply the sum of the moment due to the two

forces. It is easily obtained using vector approach as follow:
e e )k

Mocraxi irmibes s U 30
32 16 -4 40 -20 -40
5 j - 248k

ts of a couple
e that we

=—12i+32 +32k ~120i+320 j - 280k =132 +3
Therefore, the force-couple representation consis

moment of Mo =—132i+352j 248k and a resultant forc

Computed in part (b) with the directions computed.

. e m——— M | 4
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26. TW Couple F = SON dre aqb:
on the rectanguiar box as shown below, if 4 o) o re acting
f =320N.m is also induced about the z-axis loment of

Pz 'y

a) Replace the system by a force-couple system at the origin 0

b) gepresent the system by a single force apd e thei gl

ine of action of the stand alone force Intersects the y:y--ma where
Pane,

the |
..”==31{}N_m
B
ALs | "4 120N
SON } ' /D . C > ¥
£ - plf”
| 4“‘/ i SN
A Solution:

a) First express the couple force in vector form. |

Thatis Fp = FUm = —40i + 30k . Therefore, the moment at O becomes
Mo=rzxFc+r xFe +;EXFD + M: =
T fjkf_j'k:'i'.jk
' =0 4 0l+s -4 0|+ 8 8 -6-320k

e

), 001700 0 0 30 |-40 0 30 |

e = 680i—120i — 240 j + 2407 + 320k — 320k =800i =240

) Besides, the resultant force is 7 =200k. Hence, the system can be

z = 200k

"eplaced by a force-couple system at O where the force is £

and the CDUPIE moment is ﬂ[} —800i-2407 .

-
"-E.\.




Slnce our position vec
we need to express s the force

g at A. Hence, by usmgm&
€ssed in vector form &

*-rme-1081+144ﬂ




xe I'w"m‘#if. =

‘ﬁ;ﬂ
'II}" SUJ the ,

| L gl Ves thE

“Plane pgq
IE'I]t to the

Solution:
2) We need to express the tension force in vector form. To do so use

the unit vector from B to C. Look carefully, how the angle is used to
find the coordinates of B. Here, the coordinates are read to be

- B=(1.6-0.8v2 5in 45°0.8v2 c0s 45%) = (1.6,-08,08), C=(0072).

= HC 12
Thus; Use =£=—ﬁj+£ ‘+£k=_-ﬁi+%j+--k.
BC.. 25 ) s 5

Hence, the tension on cable BC is expressed in vector lormas,
T=TEE = ';5[)N(ﬁ_l.§; +§j+l_2.k) — —480Ni + 450Nj+ 360NK .
25, " Qs |

) We need the moment at 0. That is

_ SRS
MosracxT=| 0 07 2 |=-6481-960]+336K:
— 480

nof F

450 360

448

i




