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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 2

SEMESTER 1

1998/99

MECHATRONICS


Examiners:  Mr J Lomax/Dr D F Pearce

Attempt FIVE questions only.
Time allowed:  THREE hours

All questions carry equal marks

The figures in brackets indicate the relative weightings of parts of a question

The following charts, tables and other special requirements are supplied:


3(4 cycle log-log graph paper.


Annex A – data on electrical components


Annex B – summary of Quick Basic Syntax 
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1
AirSport Ltd wants to measure the lift force “p” on the tailplane of their ultra light aircraft by mounting strain gauges on the aluminium tube that constitutes the rear fuselage.

(a)
(i)
State two reasons why it may be better to use four strain gauges rather than one. 
(2)


(ii)
Assuming gauges “a” & “b” are mounted on top of the fuselage and “c” & “d” are mounted below, describe (using a sketch) where and why these different gauges should be located in the Wheatstone bridge (Figure 1a).
(2)

(b)
(i)
Draw a block diagram that links the force “p” with the op-amp output voltage vo showing the transfer function of each block in terms of the variables D, d, E, L, Rs, R1 and R2 (Figure 1b).  Note second moment of area  I  =  ((/64).(D4 - d4) and y  =  D/2
(10)


(ii)
Determine the overall transfer function in terms of these variables.
(2)


(iii)
Determine op-amp output voltage if the force p  =  70 N.
(2)

(c)
If each of these variables in turn varied by a small percentage (say 1%),which would have the largest effect on the op-amp output voltage, and why?
(2)


DATA
Resistors
R1 = 2 k(
Resistors
R2 = 20 k(
Gauge resistance
Rs = 120  (
Gauge factor
k = 2.05

Bridge voltage
Vb = 2 V

Tube length
L = 4 m

Outer diameter
D = 100 mm

Inner diameter
d = 94 mm

Tube Elastic modulus 
E = 84 GPa
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Figure 1a


[image: image3.wmf]p

guage 

location

L

d

D



Figure 1b
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2
It is necessary to specify a 24 V dc permanent magnet electric motor and power amplifier for a light low cost golf cart.

(a)
State clearly, using a sketched graph, the relative advantages of using power transistors in the pulse-width-modulated (pwm) mode as compared with the linear mode for motor speed control under varying loads.
(4)

(b) Determine the motor characteristics, listed below, for the motor developing maximum power when driving the cart up a 1-in-5 (11.5o) slope at 1 m/s with an applied voltage (Va) of 24 V.


(i)
maximum motor output power Pmax 
(2)


(ii)
motor speed ((pmax) at Pmax 
(2)


(iii)
maximum motor speed at no-load ((max)
(2)


(iv)
motor constant K where K = Va/(max.
(2)


(v)
motor torque and current at stall Qo and Io.
(2)

ASSUMPTIONS:
Cart wheel diameter
200 mm


Cart mass
15 kg


Gearbox reduction ratio
10:1


Gearbox efficiency
100%

(c)
On the basis of operating the motor at Pmax


(i)
select the power output device from data in Annex A.
(2)


(ii)
determine the device case operating temperature Tc assuming that the junction temperature Tj is 140oC and that the junction-to-case heat conduction coefficient Kjc is 1 W/oC 
(2)


(iii)
determine the required heat sink dissipation coefficient Kac (W/oC) assuming that the ambient temperature Ta is 25oC.
(2)
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3
A company adapting a moulding machine needs to use a Programmable Logic Controller (PLC) to sense the hopper level ‘h', barrel temperature ‘b', mould position ‘p', and mould temperature ‘t' and then control the barrel screw ‘S' and the latch solenoid ‘L' according to the rules below.
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(a)
Draw a ladder diagram to implement both of the un-simplified expressions, and annotate each contact as to its function.
(7)

(b)
Simplify the expression for S as far as possible using Karnaugh and/or any other method.
(7)

(c)
Draw a circuit diagram to implement both expressions assuming that the latch solenoid is rated as 220 Vac, 500 mA  and the screw motor is rated as 220 Vac, 1.2 kW.  State the catalogue number of any relay you specify for the solution.  See Annex A.
(6)
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4
Whiz, a company adapting a small gas turbine for an unmanned surveillance aircraft had discovered a vibration problem. The engineer has mounted an accelerometer on the casing and obtained 64 readings of acceleration at 0.1 ms intervals.

(a)
Using the Discrete Fourier Transform (DFT) relationships below write a program in Quick Basic which will:


-  prompt the user to enter the 64 values


-  implement the DFT


-  print out for each harmonic the value of k, freq, Fk 
(15)

(b)
If the highest value of Fk occurred at k = 10 when the turbine speed was 7200 rev/min, determine which of the following could be the cause of the vibration:


-  turbine shaft unbalance


-  compressor blades (number of blades = 17)


-  turbine blades (number of blades = 13).
(5)

DFT Relationships
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where

Fk  is amplitude of kth harmonic

k  is index number of harmonic

M  is number of samples taken

n  is index number of sample

fn  is magnitude of nth sample

(o  is angle (take (o  =2 (/M)

dt  is sampling interval (s)

freq  is frequency of kth harmonic  (take freq = k/(dt.M)
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5
A company wants to monitor the vibration on the high speed spindle of  their routing machine and needs to design a single order op-amp based high-pass analogue filter with a cut-off frequency of 500 Hz and a gain in the pass band of 20:1.

(a)
Draw on log-log graph paper the frequency response of  this filter.
(5)

(b)
If the input signal is 25 mV at 1 kHz and the input noise is 50 mV at 50 Hz, determine the signal-to-noise ratio before and after the filter.
(5)

(c)
Draw the circuit, and assuming that the input resistor Ri = 1 k(. calculate the value of the capacitor 'C' and the feedback resistor Rf.
(5)

(d)
Describe the advantages of including an op-amp in an analogue filter.
(5)

6
One experiment in the laboratory sessions supporting this module dealt with digital Input/Output to a PC equipped with an I/O card. (Fig 6).  The program below was one of the programs used in this session.

(a)
State briefly the function of each of the five modules A…E
(5)

(b)
State the function of each of the following program lines:

320,  370,  410,  430,  510
(5)

(c) Rewrite the program to incorporate the following changes:

· light 1 is to turn on at start of first timing loop

· random time delay is to be between 2 and 7 seconds

· light 1 is to turn off and light 2 to turn on at end of first loop

· second loop is to respond to activation of second switch

· all four lights are to turn on at end of second loop and remain on for a period of
three seconds.
(10)
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Question 6 continued :
PROGRAM


100 REM react.bas **MODULE A**


110 REM Reaction timer which waits a random time before


120 REM illuminating light 3 then detects time before


130 REM switch 3 is activated and prints it.


 200 OUT &H70B, &H99 ' **MODULE B**


300 REM **MODULE C**


310 PRINT " activate switch  3 when LED3 illuminates "


320 delay = INT(RND * 10) + 3


330 begin = TIMER


340 DO


350 tim = TIMER - begin


360 LOOP WHILE tim < delay


370 OUT &H709, 4


400 REM **MODULE D**


410 begin = TIMER


420 DO


430 x = INP(&H708) AND & 04


440 LOOP WHILE x = 0


500 REM **MODULE E**


510 OUT &H709, 0


520 PRINT " time in seconds is "; TIMER - begin


530 END
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Figure 6.
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7
A company is thinking about buying the Computer-Fluid-Dynamics (CFD) software "Phoenics" as  used in your CFD tutorials, to design an aerofoil section.  Consider yourself to be the member of the team who is asked to prepare a report to justify this requirement.  The report is expected to discuss and respond to the following points:

(a)
Can Phoenics predictions be 100% realistic?
(4)

(b)
What types of grids are used in Phoenics?
(4)

(c)
What is the relative amount of information needed to specify Cartesian and BFC grids?
(4)

Since other members of the team may not be familiar with CFD, the report is also expected to :

(d)
Explain the concept of a grid.
(4)

(e)
Show how the first and second derivatives can be written in discrete form.
(4)

8
(a)
(i)
Five university researchers require their PCs to be linked in a cost effective manner.  Describe what additional hardware and software may be necessary and indicate the benefits that could be obtained.
(5)


(ii)
Contrast this approach with that commonly used when connecting a room of 25 PCs in a student open access pool. 
(5)

(b)
(i)
Describe the differences on the World Wide Web (www) between Subject Catalogues and Search Engines 
(5)


(ii)
Describe how to refine your search for information using Boolean type expressions. Use examples to clarify your explanation.
(5)

