Homework #5 Solution
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PROBLEM3.70

Two 80-N forces are applied as shown to the corers 5 and D of
a rectangular plate. (@) Deterraine the raoment of the couple
formed bythe two forces by resobving each force into horizontal
and wvertical cormponents ard adding the morents of the txo
resuling couples. (&) Use the result obtained to deterruine the
rerpendicular distance be treen lines BF and DF.

SOLUTION

(@) Resolving forcesinto coraponents:

P=(20N)sin50" =61.284 N

O=(20 N)cos50™ =51.423 N

B =(51.423 N)(0D.5 1) — (61 284 NX{0.3 ra)
=73263 N .1

LITTI

M =733N.m ) «

(b)) Distance betureen lines BF and DF
M=Fd

or

7.3263 N -ra=(20 N)d
d =0.091579
d =916 raa




PROBLEM 3.78

BEeplace the tao couples shown with a single eguiealent
conple, specifyving ite magnitide and the divec ion of its axis.

SOLUTION

Eeplace the couple in the ASCD plane with two couples P and O showne

P =50 N}E:(sn N}[M]: A0 H
CF 200 rarm

_ CF o 120 yoam Yy _
=150 N}E_{SD N}[—EDD m] 30 M

Couple vector B perpe ndicular to plane ARCT

£ 0 = (40 M024 m) — (30 HX016 m) =480 H.m
Couple wector Mz in the xp plane :

M, = (12501092 )= —2.40 M .1

144 rnrm
tansd =—— & =32a.870°
192 rom
M, ={4.20 coz36 27070 j + (4 .20 sin 36 270k
=3 84§+ 2 EEk
M, = —2.40j

M =M, +M,; =1.44j+2.55k

M=322M.m, & =900 &, =53.1°, &8 =369° o

The angles in the solution are wrong (they don’t take into account M». The correct answer is 8,=90°,
ey=63.4°, ez=26.6°
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PROBLEM3ED

) ~ Three control rods attached to a lever A5 C exert on it the

o W o] forces showm. (@) Feplace the tloee forces with an

o equralent force-couple systern at 5. (&) Determine the

ik g1 0 P single force that is eguialent to the force-couple system

"l . = i obtained in Part @, and specifiy its point of application on
: the leser.

SOLUTION

ra)

=)

Firet note that the two 20-Th forces forn A couple. Then
F=4ih a5

rwrhere & =180 — {60 +55°) = 55°
and M= ZhS,
= (30 ir 0 42 To) cos 557 — (70 in. X 20 To)cos 20°
= 42062 I -in

The equivalent force couple systern at B is
F=420Th o~ a5>0% M=40T in. |

The single ecpivalent force Fis ecual to F. Further, since the sense of M is clockwizse, F* must be
applied betaeen A and 5. For equivalence.

EMg: M =-—uFcos 55"
where @ 15 the distance from 5 to the point of applicaton of F. Then
2362 Ihin. = —a(42.0 Inlcos 55
or e =177%in. Fr=420Ib «—450°
and is applied to the leser 17 .78 in. to the left of pin 5 -




¥ PROBLEM3.97

Loda-lb force F and a 2120-Thin. couple
M are applied to comer A of the block
shown., Feplace the goven force-couple
) . swgtermn with an eguivalent force-couple
= . swatern at corner H

SOLUTION
We hare d., =+0187 +-107 +(-3% =23 in.
Then F=%(1Ei—14j—3k}
=36 Toi— (28 hlj— (6 bk
Blaa dac = Ji—4507 (2 +(2337 =53 in.
Then M = —212':'5;'5‘ e 45— 28k
=—(1800 T .indi— (1120 b .in ik
Mo M =M+, =F
where Lo = (45 inJi+(14 indj
i i Kk
Then M =(—12800i—-1120k3+[45 14 0O
36 28 -8

=(—12001-1120%) +{ [[1 40 —a]i + [—{4500—ai]§ + 450 —28) — 145603k}
=({—12800 -E4i+(2T700j+ (1120 —176dk
= (18284 T . in )i +(270 Ib. in3j — (2824 T .indk
=—(157 To - fE-+(22.5 Th -f1)j — 240 1b i)k
The equivalent force -couple syster at His Fr=CG601bd—- 280 h)j—/a00 )k -
M =—{15701b 1) i+(225 kb . f1Hj— (240 Ib . i)k -




PROBLEM3.101

& 3-ra-long beara is subjected to a variety of loadings. (@) Replace each loading with an equivalent force-
couple systera at end A of the beara. (&) Which of the loadings are equiralent?

o’ _
g B T) | ” ' H
d
l o ,
-
() o) (be=—mx) (—x!)
f = fi
SOLUTION AR
QB =
.
(@ (@) We have F,: —300N-200N =R, = L’iam——*-'
or R, =500N, «
and Sh,: —400 N.ra— (200 N3 ra) = b,
or M,=1000N.m ) «
() We have SF,: 200N +300N =R
or R,=500NT «
and =M, —400 N.ra +(300 N}3m) = M,
or M,=500N.m )«
{c) We have TF,: —200N-300N =R,
or R, =500HN, «
and M ;400 N.ma— (300 N)(3 m) = M,

or M,=500N.ra )«




i)

{d) We have

fe) We have

¥ We have

(g) We hare

(h) We have

PROBLEM 3.101 (Continued)

EF,

—500M = R,
or R, =500H|
400 M .ro —¢500 FX3 m) = b
or M, =11001.m )
300N -800H = R,
or R, =500 M|
400 Mo +1000 .1 — (200 M3 m) = b,
or M, =1000 H.m ) o
—300 M —-200H =R,
or R, =5001H, «
400 B oo —{200 X5 ) = b,
or M, =3200H.m )
—800 M +300 M = R,
or R, =500, «
1000 1 -pa 4400 F.ro +(300 M3 m) = b,
or M, =2300N.1m )
—250 W —250H = R,
or R, =500LT,
1000 1 -1 +400 M.ro — (250 M3 ) = M,
or M, =630 N.-m ) -

Therefore, loadings (@) and (2) are equivalent.




PROBLEM3.104

Five separate force-couple systeras act at the comers of a piece of sheet raetal, which has been bent into
the shape shown. Determine which of these sistems is equivalent to a force F = (10 1b)i and a couple of
rmoment M =(151b . fi)j + (15 b . fi)k located at the origin.
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SOLUTION

First note that the force couple systerm at Fcannotbe equrvalent because of the direction of the force [The
force of the other four systeras is (10 1b)i]. Next, move each of the systeras to the origin &) the forces

rernain unchanged.
A M_ =EM_=(1b-f1)j+{15b i)k +{2 k=< (10 )i
={25 b -f1)j+{15 b -ft)k
D: Mo==M_=—-5Db f1)j+{25 b i)k
+[(4.5 i+ f)j+(2 )k =< 10 b)i
=(15h -fH+(15b -f)k
G Mo=EM_={15b -f)i+{15 b 1)
Im M,==M, ={(15Db -)j—-(Sb- i)k
+[(4.5 fHai+(1 f)jl= {10 b)j
={(15b-fHj—-(15b -f)k
The equivalent force-couple systera is the systerm at cormer D, -




PROBLEM3.127

0.Sm S S~ 15m
e Three children are standing on a 5x5-ma raft. If the
T = weights of the children at Points A, B, and C are 375 M,
< 2t 2N B 260 N, and 400 N, respectively, deterraine the rmagnitude
o % - l\ and the point of application of the resultant of the three
P S 2 v ueighs
= (™ -

SOLUTION

We have SF: F,+F.+F.=R

—(375N)j—(260 M)j— (400 N)j=R
—(1035M)j=R

or R=1035N -«
We have SM_: Fo(2,)+ Falzg) +Fo(z. ) =R(z25)
(375 N3 m) +(260 NX0.5 ra) +(400 N)(4.75 m) = (1035 N)(z_)
2, =30483m or z,=305m «
We have SM,: FL(x,)+ Falxg)+ Fo(xo)= Rixg)
375 N(1 ) +(260 N)(1.5 m) +{400 N)(4.75 ra) = (1035 M) x,)

Xp =2.574%m or xp=257Tm




PROBLEMS3.128

> Three children are standing on a 5x 5-raraft The

weights of the children at Points A, B, and Care 375 N,
250 N, and 400 N, respectively. If a fourth child of weight

R 425 N clirabs onto the raft deterraane where she should
)'\\ stand if the other children rerain in the positions shown
g : and the line of action of the resultant of the four weights

is to pass through the center of the raft.

SOLUTION

We have

SF: F,+F,+F. =R

—(375 N)j— (260 N)j— (400 N)j— (425 M)j=R

R = {1460 N}j

We have

EM_ . Filz )+Fglzg)+Fo(z )+ Fo(z )= Riz,)

{375 N3 1) +(260 NY0.5 ra) +{400 N)(4.75 ra)
+ {425 M)(z )= (1460 M)(2.5 )

2 =1.16471m

We have

or zp =1.165m -

EM 0 Fo{x )+ Foixg)+ Foix )+ Fo(x)=Rix, )

(375 M1 ra) + (260 N)H(1.5 ra) + (400 N)(4.75 ra)
+ (425 M)(x ) = (1460 N 2.5 1)

xp, =23235m

or x,=232m -«




