EdExcel Mechanics 2

Statics of rigid bodies

Section 1: Moments of forces at an angle

Solutions to Exercise

1. (I) Mowment =5 x0.25 =1.25 Nm.
(it) The line of action of the force must remain tangential to the steering wheel.

10 N 7

2.
o | N
A =3
! X 1575 m l 175 m

4 +g

Taking moments about A: 7 sln30°X32.5 —4g X175 +10X1 =0
15T =586
7 =335 (3s.f.)
Resolving vertically: 10—y +7 sin30°—4g =0
Y =10+33486X5—39.2 = —1R2.457
Resolving horizontally: X —7 cos30°=0

X =33.48600530° = 28.999

Magnitude of reaction force = \/12.4572 +28.999° =31.6 N (3 s.f.)

-
2m B
Y
2wm
20
A X 49
Taking moments about A: 4T —4gcos30°X2=0
T =gV
7 =16.97 N (2d.p.)
Resolving vertically: Y —4g+7Tcos30°=0

>/:4g—g\/§x€:2.5g
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Resolving horizontally: X —7 sinz0°=0
X=%g=z

Magnitude of reaction = g\/:2.52 +(3v2) =259 N (3s.f)
25
tang=L - 22
X iz 0
0=30.9°
The divection of the reaction force is 70.9° above the horizontal.

XV

59
Taking moments about A: 40stn@x2l-5gx%xl=0o
5
stn@ = 29
g0
0=3#¢g°
13
12
0
5
Resolving vertically: R—-mg =0

R =mg
Frictiow is limiting so 7 = ur = umyg
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Taking moments about B:
mgeosO@x3.25 +Fsinbxe5 -RewsOxe.5 =0

g cos O +2umd sin 0 —2 mg cos0 =0
2usind =cosl

12 __ 5
RUXTZT =5

(it) Resolving vertically: R -/ =0

rR=W
Frictlon is limiting: 7= ur =0.5

Taking moments about B:  WeosOx f +Fsin@x2/ —ReosOx2/ =0
Weos@+i/sindx2 -2 cosf =0
cos@=sind
tand =1
0 =45°

(Lil) Resolving horﬂzow’caLLg: F-S=0
S=0.5W
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(iv) resolving vertically: R—2W =0
R =2
Frictlon is lmiting: F=UR=05X2W =W

Taking moments about B:
WeosOxl+weos(UL—x)+Fsinlx2l—rRceos@x2L=0

2 lcosO— W xcosO+ 27 Lsin@ -4/ Lleos@ =0
Bl-x+2/tanl -4l =0

X=3l+2l—-4l=1
The Ladder starts to slip when the man is halfway up the Ladder.

v)

B

F lA
W
rResolving vertically: R —3/ =0
R =2
Friction is Limiting: F=UuR =05X3W =2

Taking moments about B:
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WeosOxl+wcosO(2L—x)+ W cosOx2L+Fsin@x2l—Reos@x2L=0
S lcosO— W xcosO+2 W x2lsin@ -z x2LcosO =0
5l—x+3ltanbd—oel=0

X=5l+3l—-6l=2!/
The maw can climb all the way wp the Ladder.

Taking moments about A:
T/ -55gsineo’x f =0

T =55gsn60°=27#.5gJ3 =467 N (3 5.f)
Resolving horizontally: X —7 cos&0° =0

X =275z xLt=12.759/3
Resolving vertically: Y +7 sineo®-55g=0

Yy =559 27593 X % =13.759

Reaction force = gy(12.752)* + (12.75)* =269.5 N 1r
Y 13759 1 0
ta 0=1= = >
YT X 12759V /3 X
0 =30°

()

Taking moments about ©: 7 x2/ —1Fgc0se0°x [/ =0
T =1Fgx5
T =41.65
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Tenslow in rope Ls 41.65 N
Resolving horlzontally: X—T sineo®=0

=
X =41.65 ><£ =20.225/2
2

Resolving vertically: Y +7cose0°—17g=0
Y =1FX 9.8 —41.65 X3 =145 775

rReaction force = \/(20.225J§ )2 +145.F7#5% =150 N (3 s.f)

(ii)

Taking moments about ©: 7 x2/ sineo®—17gceos60°x [ =0

27 xiJz =17gx%x%

F=522 4o
NE '
Tension tn rope is 481 N (3 s.f.)
Resolving horizontally: X =T sinz0°=0
= 833 1 _4165
V2 o2 =
Resolving vertically: Y +7c0os30°—17g=0
gz.2 /3
Yy =17#X 9.8 — X— =124.95
2

NEY
rReaction force = \/(%) +124.95% =127 N (3s.f)
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