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Question # 1(a) (5 points)

Sketch free body diagrams of the mechanical systems shown below.

Description Mechanical System Free Body Diagram
7
"'E--P \"'- m
Bell crank supporting V T \\ } #
mass m with pin Ax p i
support at 4 Flexible
cable A A° Ay

Uniform  horizon
bar of mass

ined surface a

Uniform heavy plate
of mass m supported
in vertical plane by
cable C and hinge 4
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Question #1(b) (15 points)
2
For the given frame and loading shown 4—‘ 00 400
a) Find the support reactions at pin 4 and roller F S__ : B < 100N
b) Draw the Free Body Diagrams (FBD) of each
o
member separately R
¢) Determine the components of the pin forces at B D gOO N-m
and E 7 :. \®) )
|
d) Determine the total force at pin D = 4‘ 200 |—
[ap]
Assume that the weights of the members are J
®)) F
negligible. . .
imensions in mm
Solution )
4 Bup ! . o
T ¢ 100 N By l e
Y | * B
A, A T
I X 1.5 marks
500 1IC
0.5 mark D
K B
8oo D X
=) o, 1 | N
300 D% Eu} N-m# i S
—L'U' F —L- F
Ne Ne
FBDI IM, =0: +)08N_-200=0 s Ng=250 N | 1mark
FBDI  3Mg=0: %) 08N.-05D =0 . D, =400 N | | nark
EBDII  EMy=0: %) 04D -200=0 D =500 N [
D= 4002 + sz =640 N ¢
& 1 mark
A By
¢ 100N
EBD | Y Fx=0: Ng— Ax — 100=0 Then Ax=150N | 1 mark -— <
Ay Bx B 400
> Fy=0: Then Ay=0| 1 mark W
500
FBD Il YFx=0: Nr—Dx + Bx=0 Then Bx=150 N | 1 mark \Y]
> Fy=0: Then Dy —By=0 Then By=500 N | 1 mark 1.5 marks > Ex
FBD IV YFx=0: Ex— Ax —Bx —100=0 Then Ex=400 N | 1 mark v

> Fy=0: Then Ay + By —Ey=0 Then Ey=500 N

1 mark
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Question # 1(c) (5 points)

A plate of 80 kg mass is kept under static equilibrium by pin

A and cable BC as shown in the figure. Determine:

a) The force in cable BC
b) The total force at pin 4

B

130°

m=80 kg

\% 0.5m

Solution

CCW(+)ZM , =0= —T,.xc0s30° x0.1—
T,-xsin30°x0.5+784.8x0.25=0
T,.(~0.087-0.25)+196.2=0

'\V

130°

=T, =582.88N  Ans.

1 marks

S>IF, =0=>T,.xcos30" =4, =0=> 4, =504.80 N

TSF, =0= 4, +T,.sin30"-784.88 =0
= A, +582.88xsin30° —784.88 =0 =

=4

0.1m

|

%lé 025m —

\9 0.25m

1 marks

1 marks

N

80x9.81=784.8 N 1 marks

= Total force at pin 4= \/ (504.80)’

+(493.44)

Ans.

A
=705.9N

1 marks

Question # 2 (a) (5 points)

Determine the force P that will

in equilibri

Solution

From FBD of pulley B:
TZFy =0=37,=9000=T7, =3000 N

From FBD of pulley 4:

L

P=
3

; T.
TSF, =0=3T=T,=>T,="2;P=T, =
3

p t’e pulley system

lect the weights'of the pulleys.
N g

L4

&

9000 N

:MDP 1000 N  Ans.

3
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Question # 2(b) (15 points)

For the loaded truss shown in the figure:

a) Identify the correct zero force members

b) Calculate the support reactions at pin A and
roller E

c) Determine the force in the member AD and AC
using the method of joints

d) Determine the forces in member CE and CD
using the method of sections

Note: Specify whether the members are in
Tension or Compression.

Solution
a) Zero force Members: AB and DE

2 marks

b) Reactions
CCW(+)IM ,=0= E_x4-800x2—750x4—981x3

= E,=188575N Ans. | 1 mark

—>2F =0=750-1885.75+4, =0

=4,=113575N dns. | 1 mark | K
1
7Q1\N Ans.

ON

TEF, =0=4,-800-981=0= A, =1

1 mark

c) Member forces using Method of

cos0, =2/+4/20 =0.447;sin 0, = 444/20 =
Considering equilibrium of joint‘4
S3F =0 :»1135.75+(mo»2, -0
TSF, =0=1781+0.894F, +0.554F,, =0
imultaneous equation gives

and F,. =-1718.3N(C) Ans.

41.9N (C)

d) Memb ces using Method of Sections
sinaa=2/ 89;cosa=1/\/§=0.45;
CCW(+)ZM, =0

= —Fysinox4+981x3=0= —F_,x0.89x4+981x3
= FCD =826.7N (T) Ans. 2.5 marks

CCW(+)ZM, =0
=S F X2+ E x2=0=F,,=-E,
= F, =—-1885.75N (C) Ans.

2.5 marks
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2.5+ 2.5 =5 marks 1781
Fcp 1
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