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SECTION A
(Answer THREE questions from this Section)

1. CLASSICAL GEARBOX

o

e o

Figurc 1 below shows a typical layout of a conventional gearbox.

: Figure 1
Identify the type of gearbox and the number of gears that can be sclected. (1.5x2marks)
Reproduce the table below and give the names and function of the following
organs: P, N, Mand | (3marks)

Ref Name (0.25x4marks) Function (0.5x4marks)
P f

N

M

I

At the phase shown in figure I, which gear is engaged? Justify your answer. (1.5marks)
Explain how the reverse gear is obtained in this gearbox. (2.5marks)
Carefully examine the gearbox and say how many selector forks arc uscd to perform
gear change. (1.5mark)
Show by means of a sketch the provision that is made in this gearbox to prevent the
accidental sclection of reverse during gear changing. (2.5marks)
The spur gear (a), the helical gear (b) and the double helical gear (¢) arc all types of gears used

in gearboxes. Reproducc and complete the sketches in figure 2 showing the teeth arrangement

for each type. : (2x3marks)

(@) (b) (c)
Figure 2
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2. SUSPENSION, ROAD WHEELS AND TYRES

Figure 3 shows the layout of a vehicle suspension system.

Figure 3

a. Identify the type of suspension layout. (Imark)
b. Reproduce and complete the table by giving the organs and their respective functions in
vour answer booklet. ‘ (Smarks)
Ref Name (0.5x5marks) Function (0.5x5marks)
1
3
4
S
¢.  What are suspension bushings? {1marks)
d. State TWO problems causcd by worn suspension bushings. {2marks)
e. Bricfly explain how the element | operates during movement of the suspension system. {2Zmarks)
f.  Suspension problems increase tyre wear and may require an interchanging of tyres.
Why is this done. ‘ {2marks)
o Figure4 is a pictorial view of a vehicle tyre. Given the tyre characteristics with the
corresponding numbers on the figure, fill the table below in your booklet. {7marks)
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Ref Designation (1x7marks)

|| [N -

3. STEERING AND FRONT WHEEL GEOMETRY

a. The stecring system must perform several important functions as the vehicle is being driven.
Give any TWO of these functions.
b. Name TWO types of manual stecring boxes for light vehicle application that you know.
c. The figures 5.1 and 5.2 show two types of steering configurations, onc for a rigid or solid axle
type of suspension system and the other for an independent front suspension system.
1) Give the name of the steering box shown in figure 5.1.
1))  What are the names of the parts labeled 3, 4, 5, 20, 21 and 23 in figure 5.1.
iii)  Give ONE rcason why the system shown in figure 4.1 is not suitable for a rigid axle
type of suspension system,
v)  Indicate which component on figure 5.1 should be altered when
i) adjusting the backlash between the rack and pinion gear teeth and
i) adjusting toe-in or toc-out of the front steered wheels.
v)  What type of periodic maintenance will you carry out on the system in figure 5.1?7
vi)  Name the parts labeled 1, 2, 3, 5 and 6 in figure 5.2.

(Imark)
(Imark)

(1mark)
(1.5mark)

(Imark)

(Imark)
(Imark)
(1marks)
(1.25mark)

Figure 5.1 Figure 5.2
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Power assisted stecring system,

Figure 6

1) Give TWO reasons for fitting a power assisted steering on a vehicle. (2marks)
i) Briefly explain the term fail safe in relation to power assisted steering systems. (Imark)
iif)  Give the names as well as the functions of the parts labeled 2, 3,4, 5,6, 7and 9 in
the systcm. (1.25mark)
1v) At what period does a power assisted steering come into opcration? (1mark)
v)  Name FOUR components of the system shown in figure 6 that require regular check. (2marks)
vi)  What symptom will manifcst if air is trapped in the hydraulic lin¢ of this system and
how can one bleed the circuit? (Imark)
vii)  What are the differences between the power assisted steering system shown in figure 6
and the '
1) electric type of power assisted steering? (Imarks)
1) electrohydraulic type of power assisted steering systems? {(1marks)
4. BODY DESIGN
a. In vehicle construction, one always comes across terms like the vehicle body. vehicle frame.
Is there any difference between the vehicle frame and the vehicle body? Justify your answer with a
summarized appropriatc explanation in at least three lines. (4marks)
b.  Define the following terms related to vehicle construction and body design.
i)  Umt-body construction (2marks)
i)  Body-on-frame vehicle construction (BOF), (2marks)
c¢. Name TWO types of stresses the vehicle frame is subjected to during diverse driving
conditions. (Zmarks)
d. In designing vehicle bodics, “crumple zones” are provided at the front and rear of the vehicle,
Explain in four lines what is referred to as “crumple zones” and give the reason why they are
put in place during vehicle construction. (4marks)
e. Prescribe the precaution used to protect the vehicle’s structure from corrosion. (2marks)
f. In THREE lincs cxplain how the shape of a vehicle’s body design can affect fuel consumption.  (4marks)
Tum over
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5. BRAKES
a. A hydraulically operated drum brake consists of a lcading and trailing shoc.
i)  Make a simple sketeh to show how the leading and trailing shoc act in the brake drums.
Clearly indicate the direction of rotation of the drum as well as the direction of the
frictional forces of the brake shoes acting on the drum. (4marks)
i) Writc down the names of FOUR other drum brake parts that have not been mentioned
above. (2marks)
b. State why the two lcading shoes arrangement is preferred on the front wheels to the rear wheels.  (2marks)
¢. What is the function of a proportioning valve, (2Zmarks)
d. Describe what happens in the wheel assembly when the master cylinder builds up pressure in the
brake lines. (4marks)
¢. Bricfly compare the disc and drum brakes in terms of;
1) Output (2marks)
ii)  Operation (2marks)
f.  Give TWO reasons why the disc brake is preferred at the front wheels than at the rcar wheels.  (2marks)
SECTION B
(Answer TWO questions from this Section)
6. BRAKES AND LEVREAGE

Hand Force

3om | Fulcrum Pin

Sem

| To Brekes

Figure 7

In the hand brake lever mechanism shown in figure 7, a brake cable force of 420N is required to apply
the brakes. Calculate the hand force applicd at right angles to the long part of the lever that is required
to produce this force in the cable. ' (2marks)
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Figure 8b
Figure 8

In a drum brake arrangement, the distance x 1s as shown in figure 8b is 12cm, the distance
y is 24cm and the drum radius R = 14cm. If the actuating force P is 800N and the coefficient
of friction p = 0.4,
Calculate the effective friction of force on each of the brake shoes. (4marks)
What is the disadvantage of a leading shoe drum brake arrangement when reversing the vehicle
(2marks)

in terms of effective braking?

b. Ina disc of the type shown in figure 9 the hydraulic pistons are 50mm in diameter and the effective

radius of the brakes disc is 150mm. Calculate the braking torque when the hydraulic pressure is 20bar
and the cocfficient of friction is 0.4. (3marks)
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Figure 9

Give FOUR advantagcs of disc brakes over drum brakes.
The power of a braking system is determined ultimately by the friction between the tyres and the

driving surfacc. The concept of braking cfficiency is based on the assumption that the coefficient of friction
between the tyre and driving surface can never be greater than 1.

(4marks)

=
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Figure 10

The maximum braking deccleration of a vehicle is 7.2m/s%. Calculate the braking cfficiency.
Take g = 9.81m/s”

(Zmarks)
¢. Ina test station brake-test on a vehicle (figure 11), the front brake forces total 1400N. If the vehicle

has a mass (weight) of 1.2 tons, calculate the braking cfficiency. Take g = 9.8 Im/s2. (3marks)
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7. HYDRAULICS
Figure 12 below is a hydraulic layout of the braking system. The master cylinder piston diameter is
23mm, front wheel piston diameter is 58mm, rear wheel piston diameter is 33 mm, A is 220 mm, B is 60 mm and

the driver cffort exerted on the pedal is 30 N,

¥,
:_;l'l

Figure 12
a. Explain what is meant by:
i)  The principle of moment. (2marks)

ii)  The principle of Pascal Law, (2marks)
b. Calculate the force applied on the master cylinder piston. (2.5marks)
c. Calculate the sectional arca: S, S, and S.. (1.5x3marks)
d. Calculate the circuit pressure. (3marks)
¢. Calculate the force F, applied on the front disc. (1.5marks)
f. Calculate the force F, applied on the rear drum. (1.5marks)
g. Deduce the pedal and hydraulic ratios. (1.5x2marks)
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8. FRICTION AND CLUTCHES

a. What’s the difference between static friction and dynamic or kinctic friction? (2marks)
b. State THREE laws of static friction. (3marks)
c. Dynamic friction is of three types; sliding, rolling and pivot. Define cach type while giving onc

(3marks)

examplc of a vehicle system or component where it occurs.

d. Let’s consider the single disc dry friction plate clutch system shown in figurc 13. Let P in figure
13.2 be the intensity of the axial pressure with which the friction surfaces are held together, ry and r2
the external and internal radii of the friction faces respectively and p the coefficient of friction.

| T Singlo disc
| > - pme

% i it ann 6 Clutch covar T .__/,...\.i__f_
| (V4 ¢ ) Hellcal springs LB e
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© levars surface

Diving lugs

Figure 13.1 Figure 13.2

i) Bricfly explain how the clutch in figure 13.1 is disengaged and engaged. (3marks)

11) Given that the area (A) of the clementary ring of radius (r) and thickness (dr) in
figure 13.2 b is A = 2nrdr, express the elementary axial or normal force & w in function
of A and P.

ii1) Express the frictional drag force (Fr) and the frictional torque (Tr) on the ring acting
tangentially at the radius r in function of p and r.

1v) Express the total frictional torque (T) acting on the clutch’s friction surfaces from r; to ry
in figure 13.2 above where (n) represents the number of pairs of friction or contact
surfaces.

v) For the practical clutch shown in figure 13.1 above, ry = 0.19 m, r; = 0.14 m, total torque
transmitted (T) = 186 Nm and the value of the axial effort (W) exerted by the pressure
platc on the clutch disc is 3400 N. Detcrminc the valuc of the cocfficient of friction p
between the rubbing surfaces.

vi) At an engine speed (N) of 3500 r.p.m, what shall be the value of the mechanical power
(Pm) that’s being transmitted by the clutch in question (v) above?

(Imark)

(2Zmarks)

(2marks)

(Zmarks)

(2marks)
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