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Section A; VECTORS, FORCES, MOMENTS & STATICS
QUESTION 1: (10 marks) :
1. Figure La below represents three forces Fy, Fa and Py applicd on a screw cye.
a- Express tho cartesian components of each force,
b- Determine the cartesian components of the resultant R of those three forces.
¢ Deduco the magnitude of the resultant R, y

Fl s 50N FZ o 40N

Figure 1.2

F3 = 60N

(3 marks)
(2 marks)
{1 mark)

2. A 110N force acting in a vertical plane parallel to the yz plane is applied to the 220mm long horizontal

handle AB of a socket wrench as shown in figure 1b, y

180

7~

z
a. Express the cartesian coordinates of vector OB, (1 mark)
b. Determine the cartesian components of the force F = 110N acting on the handle. (1 mark)
c. Calculate the magnitude of the moment of the force F about point O. (2 marks)

QUESTION 2: (10 marks)

As an air plane’s brakes are applied, the nose wheel exerts two forces on the end of the landing gear as

shown in figure 2a. q)

&) mm

Figure 2.a

kN

1. Determine the angle O of the strut AB with the horizontal axis. (1 mark)
2. Write the equations of equilibrium of the strut 2. (2 marks)
3, Apply the fundamental principle of statics to the shock absorber 3 and determine

analytically the tension T in the strut 2 . (7 marks)
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QUESTION 3: (10 marks)
For the boom and loading shown in the figre 3a. below:

|—16m 32 m—

Figure 3.2
1
a. State the fgndamemal principle of statics applied to a body subjected to two forces. (2 marks)
b. Draw the line support of the forces applied at B and C to the rod AB. (1 mark)
¢. Determine graphically the magnitude of the forces applied to the boom at points B and C
Take: scale of forces lmm=>100N (3 marks)
2. .
a. Calculate the angle © of the rod BD with the horizontal axis. (1 mark)
b. Compute the distance d (figure 3b.) (1 mark)
c. Using the free body diagram of the boom (figure 3d) determine analytically the magnitude
of the forces at B and C. (3 marks)

Section B: KINEMATICS: 2 compulsory questions

QUESTION 4: (10 marks)
A car is moving along a straight horizontal road. At the time t = Os, the car passes a point A with a speed of

30m/s. The car moves with this speed until t = 10s at point C. The car then decelerates uniformly for 6s at point

D. Attime t =16s, the speed of the car is V = 15m/s and this speed is maintained until the car reaches the point B
at time t = 20s.

t=0 Va=est a - V=t ta=20s
> ey ey
- A
A C D B
Va = 30m/s Figure 4 Vp = V(mvs) Ve = v(s)
1. Write the equation of the motion of the car during the 1* phase AC. (1 mark)
2. Calculate the distance covered AC during the 1% phase. (1 mark)
3. Write the equation of the velocity Vp at the end of the 2 phase . (2 marks)
4. Deduce the deceleration of the car. (2 marks)
5. Calculate the distance CD. (2 marks)
6. Determine the distance covered DB during the last phase. (2 marks)
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QUESTION 5: (10 marks)

Figure Sa below shows the system which ensures the opcnmg of a truck bucket collecting refuse.

The outlet velocity of the rod 2 compared to the jack body 1 is [P52|=0.1m/s.
Scale of velocities: 3cm=>0.1m/ s

/rtrillilrll/

Figure 5a

1. Identify the nature of the following motions:
a. M"'2/1
b. M"'1/0
c. M 3/0
2. Represent graphically [z, -
3. Indicate and draw the line support of the following velocities:
b. Vs
4. Justify the equality Jz,,0=Vp3/0-

5. Knowing that V5,0 =V, +V5y)q determine graphically the magnitude of J73,,qand Vg, -

6. Determine graphically by using the equiprojectivity of velocities method the
magnitude of Py .  Take: [[/53q|=0.2m/s

(1.5 marks)

(1 mark)
(2 marks)

(0.5 mark)
(2.5 marks)

(2.5 marks)

Section C: DYNAMICS & ENERGETICS: Candidates should choose only one question

QUESTION 6: (10 marks)
An electric motor rotates at a speed of 1500 rev/min when a constant torque
of 20 Nm is applied on a receiver.
1. Determine the angular speed of the electric motor.
2. Find the power developed during its motion.
2. Compute the forces applied if the diameter of the motor shaft is 100mm.
3. Calculate the kinetic energy developed by the electric motor. Take Jg = 0. 05kg.m?
3. Apply the theorem of kinetic energy and determine the angular displacement © of the
electric motor,

(2 marks)
(2 marks)
(2 marks)
(2 marks)

(2 marks)

QUESTION 7: (10 marks)

A light lift cargo car of mass 1200 kg is moving down a slope of angle 0 = 10°. The cargo is brought to

rest from 80 km/h within a distance of 50 m, Take g = 10 m/s’,

1. Calculate the potential energy of the cargo at rest.

2. Determine the deceleration ‘a’ of the cargo.

3. What is the kinetic energy of the cargo at rest.

4. Use the kinetic energy theorem to compute the average braking forcc
required to bring the cargo to rest.

5, Calculate the average braking force ‘F’using the fundamental principle
‘of dynamic in translation.
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. (2 marks)

(1 marks)
(2.5 marks)

(2.5 marks)
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Section A: VECTORS, FORCES, MOMENTS & STATICS
(Answer only two questions out of three)
QUESTION 1

Express the Cartcsian components of each force:

Ry= .., . ; :
¢- Deduce the magnitude of the resultant R:
a. Express the Cartesian coordinates of vector OB:
b. Determine the Cartesian components of the force F

c. Calculate the magnitude of the moment of the force F about point O;

TVE26/7218/2/BN

Determine the Cartesian components of the resuitant R of those three forces:

= 110N acting on the handle:
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OUENTION 2
[ Determbne the aogle O of the st AN with the honzontal s,

2. Wilte the eqquations of equilibiium of the stiut 2,

X Apply the fandamental prinelple of statlos (o (he shock
absorber  and determing analytically the tenslon 'l in the stral

Pt equitions;

}ﬂ:l"!."“t

}; ,‘1)""" vl

Calealate the distance d (In mim);

d=

i o
Deduco the distance n knowlng that & i

LM=hi

Take: d = 364m; a = 146mm

I]‘ -

NN RN N N N N NN RSN AN N AN NN AN ]

——

/“(.'D o 6K mim
7 A%

Vigure 2.b
V'res body diagrem of (3)

O kN

,,,,,,
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QUESTION 3

1. For the boom and loading shown in the figure 3a. below

a. State the fundamental principle of statics applied to a body subjected to two forces:

b. Draw the line support of the forces applied at B and C to the rod AB:

Figure 3.a

a. Determine graphically the magnitude of the forces applied to the boom at points B and C
Scale of forces lmm=>100N

3 KN

v

Figure 3c.
a. Calculate the angle © of the rod BD with the vertical axis:

b. Calculatethedistamedknowingthati:—l—: .....................................................................................

32 .24

c. Using the free body diagram of the boom (figure 3d) determine analytically the magnitude of the forces at B and C
Take d=1.33 m; 6 =37°

TVeeor 1210121018 UL Ul W WIE UEXL page



Figure 3d: Free body diagram of the boom
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Section B: KINEMATICS: 2 Compulsory Questions

: ‘ QUESTION 4
1. Write the equation of the motion of the car during the 1" step AC:

I R R S S S S
b R e N R R P eI RTT

R R I I R A

S R R R R R N T R R T R R R R IR I

IR R R R R I )

e has sa b aas a4e TE s 8N SEE BAE 618 BE 8 u PP e S8 B Ew SEP AN E P RA EEE AE D S 08 L L ART A8 L 0UA EED FONL B AN PAP I ET N0 BN SN0 P Ab PR REC bl dbe sne bbby

4. Deduce the deceleration of the car:

w
@
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R E RN
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6. Determine the distance covered DB during the last phase:

QUESTION 5

1. Identify the nature of the following motions:
W ¥ o) R SRS SR S Ty & SHCLRLEEEN I SR,
2. Represent graphically gy .. covevvveveriinneiniiniienieeen )

3. Indicate and draw the line support of the following velocities:

8 Line SUPPOIt OF/B110: cvvvrucerencunmsinssunsinnsnassesiobon sbossssnesonsonnesnasansn sos ssbpinssssssane onanasuesos nssnsnatomasiesanasenss

b. Line support of [/py/:

. Justify the equality [g,/0=VB3s0"

'S

5. Knowing that Vg3/0=V521+ Va1 determine graphically the magnitude of Vypand Vo

llrrllrlrrll/

Figure 5b

6. Determine graphically by using the equiprojectivity of velocities method the magnitude of [z, .
Take: [J/g3/|=0.2m/s; scale of velocities: 3cm=>0.2m/ s
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Figure 5¢

Section C: DYNAMICS & ENERGETICS: Candidates should choose only one question
QUESTION 6

1. Determine the angular speed of the electric motor:

ERIEREEREY] Prres e
" L R N N N R R R R R R A U U L

2. Find the power done during its motion:

R R N N R R R N R N N N R RO L

3. Compute the couple of force applied if the diameter of the motor shaft is 100 mm:

YR R R R e e N N R ORI R U R AU

R N NN RN (RN NN

4, Calculate the kinetic enetgy developed by the electric motor, Take Jo = 0. 05kg.m*
5. Apply the theorem of kinetic enorgy and determine the angular displacement O of the electric motor:
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QUESTION 7

1. Calculate the potential energy of the cargo at rest: : .

2. Determine the deceleration ‘a’ of the cargo:

3.  What is the kinetic energy of the cargo at rest:

4, Use 't'he.kine.:.l;u;,tic energy theorem to compute the average braking force ‘F’ required to bring the cargo to
rest:

5-.“ Calculabc the average braking force ‘F’ using the fundamental principle of dynamic.i-n translatlon X
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