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INSTRUCTIONS: 

i. This paper contains 5 questions 
ii. You are required to answer only 3 questions 

iii. Question 1 is compulsory and carries 30 marks 
iv. Attempt any other 2 questions 

 

QUESTION ONE (30 MARKS) 

a) Define the following terms: 
i. Sensor                        

                      (2 marks) 
ii. Transducer                    

                       (2 marks) 
iii. Actuators                       

                       (2 marks) 
b) With aid of a labelled diagram explain how ultrasonic force sensor detect elastic skin 

thickness                                     (4 marks)  
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c) Differentiate between DC motors and DC brushless motor.               (2 marks) 
d) Consider a brush-type DC motor with stator coil resistance of 0.25 ohms at nominal 

operating temperature. The DC power supply is 24VDC. The back EMF constant of the 
motor is 15V/krpm. The voltage to the motor is turned ON and OFF by an 
electromechanical relay. 

i. Calculate the steady-state current developed in the motor when the relay is 
turned on.                   (2 marks) 

ii. Calculate the maximum speed          (3 marks) 
e) Differentiate between electrohydraulic system and hydro-mechanical systems.   

                                   (2 marks) 
f) Discuss eight main components of a electrohydraulic system.                    (8 marks) 
g) A hydraulic cylinder to be used to move a work piece in a manufacturing operating 

through a distance of 250 mm in 15 s. If a force of 50 KN is required to move the work 
piece, what is the required working pressure and hydraulic liquid flow rate if a cylinder 
with a piston diameter of 150 mm is available?        (3 marks)                       

 

QUESTION TWO (15 MARKS) 

a) Discuss with aid of a well-labelled diagram acousto-optical sensor used for synthetic-
aperture radar.                                 (7.5 marks) 

b) Consider a permanent magnet DC motor. The armature resistance is measured to be 
Ra=0.5Ω. When Vt =120 V is applied to the motor, it reaches1200 rpm steady-state 
speed and draws 40 A current. Determine the back EMF voltage, IR power losses, 
power delivered to the armature, and torque generated at that speed.          ( 7.5 marks) 
 

 

 

QUESTION THREE (15 MARKS) 

a) Discuss basic stepper motor operating principles.                              (4 marks) 
b) Discuss two types of drives, which must be matched to the winding type of a step 

motor.                                   (3 marks) 
c) Consider an AC induction motor driven by a line supply frequency of we = 60 Hz. 

Assume that it is a two-pole motor, P = 2. The motor design is such that at the 
maximum load, the slip is 20% of the synchronous speed, s = 20%. Determine the 
speed of the motor for the following conditions:                                              (8 marks) 

i. No-load speed,  
ii. Speed at maximum load,  

iii. Speed at a load that is 50% of the maximum load.  
iv. Determine the speed variation (sensitivity) due to the variation of load as 

percentage of its maximum value. Let maximum load torque be 100lb⋅in. 
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QUESTION FOUR (15 MARKS) 

a) Discuss operation of digital tactile sensor array.                 (5 marks)  
b) Describe how a magnetic sensor works.                         (3 marks) 
c) Consider a hydraulic fluid with bulk modulus of � =250 000 psi, a nominal volume of 

V0 =100 in3. If the fluid is compressed from atmospheric pressure level to the 2500 psi 
level, find the change in the fluid volume.                                                        (7 marks) 

 

QUESTION FIVE (15 MARKS) 

a) Consider a pump with fixed displacement Dp =100 cm3
∕rev and following nominal 

operating conditions: input shaft speed wshaft =1200 rpm, torque at the input shaft 
T=250 Nt⋅m, the output pressure pout =12 MPa, and output flow rate Qout =1750 cm3

∕s. 
Determine the volumetric, mechanical, and overall efficiencies of the pump at this 
operating condition.                    (7.5 marks) 

b) Discuss the most common type of multi-phase AC induction motors.          (4.5 marks) 
c) State three major classes of brush-type permanent magnet DC motors.         (3 marks) 

 

 

 

 

 

 

 

 

 


