Q1. 

(i). List two advantages and two disadvantages of potentiometers as a displacement measuring device





       (5 Marks)
(ii). List five advantages of LVDTs

       (5 Marks)
(iii). An LVDT with a simplified signal conditioning system is shown in Figure 1. The system variables and parameters are as shown in the Figure. Write expressions for voltage signals v1, v2, v3, and vo.
     (20 Marks)
[image: image1]
Figure 1 LVDT with Signal Conditioning System
x(t) – displacement of the LVDT core (measurand)

r – transformer parameter for the LVDT

(iv). If the bandwidth of the measurand is 2 Hz, estimate a suitable value for the filter capacitance C. Justify your answer. Suggest a suitable value for the carrier frequency. R = 20 kΩ
    (10 Marks)
(v). If the carrier frequency is 60 Hz (supply frequency), what percentage of carrier will pass through the filter?

    (10 Marks)
Q2.

(i). Explain the terms residual torque and holding torque in connection with a stepper motor.

       (5 Marks)
(ii). An automated quality grading system is shown in Figure 2. The objects to be graded move horizontally along a conveyor. The size, the colour, and the shape of the object are computed using a vision system and the quality grade of the object is determined based on these computed values by an intelligent decision making system. A vertical positioning platform directs graded objects on to corresponding conveyors which are placed as shown in Figure 2.
The positioning platform is driven by a stepper motor which is controlled by a drive system. The positioning trajectory of the drive system of the stepper motor is such that it uniformly accelerates to a desired speed, starting from rest, during the first half of the positioning time and uniformly decelerates to rest during the second half. Positioning always starts at the feeder conveyor level (the top of the platform aligned with feeder conveyor) and will return to the same position after feeding the object on to the corresponding conveyor.

System Specifications

(a). Throughput of the system – 2 objects a second. Although, this gives 500 ms for processing an object, time available for positioning is 400 ms.
(b). Positioning resolution – 0.1 mm/step

(c). Vertical distance between the conveyors – 5 cm 

(d). Equivalent mass of the platform, the object, and the lead screw = 10 kg
(e). Gear ratio of lead screw – 2 cm/rev
(f). Lead screw efficiency – 80%

(g). The equivalent moment of inertia of the lead screw and coupling (excluding the motor rotor inertia) – 2.5 x 10-4 kg.m2
Suppose that four stepper motors of a reputed manufacturer are available, select the most appropriate motor for this application. Justify your choice by giving all necessary equations and calculations in detail. Show that all required specifications are met by the selected motor.
Useful data for available motors are given in Table 1 and their speed torque characteristics are shown in Figure 3.


Note: g = 9.8 m/s2










      (45 Marks)
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Figure 2 Automated Object Grading System

	Motor Model
	Step Angle
	Motor Rotor Inertia (kg.m2)

	Model 1
Model 2

Model 3

Model 4
	1.8o
1.8o
1.8o
1.8o
	11.8 ( 10-6
35.0 ( 10-6
187.0 ( 10-6
805.0 ( 10-6


Table 1 Stepper Motor Data

[image: image2]
Figure 3 Stepper Motor Speed Torque Characteristics
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