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DEPARTMENT OF MECHANICAL & MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 2

SEMESTER 1

1997/98

MECHATRONICS

Examiners:
Mr J Lomax/Dr D F Pearce

Attempt FIVE questions only




Time allowed: 3 hours

All questions carry equal marks


         Total number of questions = 8

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

NOTE

attached is:


- Annex A - data on electrical components


- Annex B - summary of Quick Basic Syntax
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1.
An engineer plans to monitor the axial force (F) in a tensile support rod by
 
installing two gauges to sense axial strain on either side of the rod, 


figure Q1a.  He then plans to connect these through a Wheatstone Bridge

 
to a differentially configured Op-amp figure Q1b.


DATA


Rod diameter


D
8 mm


Rod elastic modulus

E
90 GPa


Strain Gauge factor

k
2.05


Strain gauge resistance

Rg
100 Ω


Resistor


R1
100 Ω


Resistor


R3
5 kΩ


Resistor


R4
100 kΩ


(a)
Calculate the value of R2 to ensure that the voltage across the bridge


 


(Vb) is 2 V









(10)


(b)
Draw a block diagram that links the force (F) with the op-amp


 



output voltage (Vo) showing the transfer function of each block in 





terms of the variables D, E, k, Rg, R1, R3, R4, Vb.




(5)


(c)
Evaluate the overall transfer function dVo/dF using the values


 



given in the data table in Annex A.






(5)
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Figure Q1a






Figure Q1b
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2.
(a)
Describe the relative advantages of using a Programmable Logic

 



Controller (PLC) versus a personal computer (PC) for monitoring


 


discrete switching sensors.







(5)


(b)
A security system has sensors for detecting fire, intruders, door and 



windows opening defined by the symbols f, i, d and w respectively. 

 

The alarm A will be activated when the following condition is met












(i)
Reduce the expression for (A) using Karnaugh or other


 




methods to two alternate simplified expressions




(5)



(ii)
Draw a circuit which uses a PLC and relay to switch a 




500 Watt, 220 V ac motor (see annex A)




(5)



(iii)
Draw a ladder diagram to implement the un-simplified 







condition in (b) above







(5)
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3.
(a)
Ac induction motors and universal ac/dc commutator type motors


 


are both used widely in houses, offices and factories.  Describe two


 


advantages that each motor has and name an example where these


 


advantages are exploited.







(4)


(b)
A dc permanent magnet motor featuring a commutator operates at

 

12 V with a maximum power rating of 25 W and a maximum no-



load running speed of 8000 rev/min.  Assume a linear relationship

 

between torque D speed.



(i)
Determine the speed and torque at maximum power



(2)



(ii)
Draw to scale a graph of speed versus torque for the motor


(2)



(iii)
Determine the torque and current at stall




(2)


(c)
(i)
Draw a circuit comprising an op-amp and a power transistor


 



(see annex A) to control the speed of this motor in response


 



to an input voltage at the op-amp over the range 0-to-12 V


 



(ignore any 0.7 V junction drop)





(4)



(ii)
Determine the current gain needed by the power transistor at


 



stall









(2)



(iii)
Identify the appropriate power transistor (see Annex A)


(2)



(iv)
State the maximum power that would be dissipated by the


 



transistor








(2)
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4.
In an accelerated life test on 100 universal couplings the number

 
remaining 'n' after a period of time 't' are recorded below.  The test

 
engineer wants to see whether the data fits an expression of the form 


n = c.td



Time t (h)
1
3
10
30
100
300
1000




Number n
100
65
40
25
15
10
5


(a)
(i)
Draw a graph to scale of loge(n) versus loge(t)




(5)



(ii)
Determine the values of 'c' and 'd'





(5)


(b)
Write a program in Quick Basic employing structured programming


 


principles that accepts data of 'n' and 't', calculates loge(n) and


 



loge(t) and prints out using linear regression the values of 'c' 






and 'd'.  The equations for linear regression are given below.  Annex


 


B provides a summary of Quick Basic syntax.





(10)



The following equations may be used



Average of data points










Gradient of line of best fit





Intercept with the vertical axis
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5.
An engineer working in a steel strip rolling mill wants to use a strain 


gauge to detect the strain in the frame of one of the rolling machines and 


then transmit the signal back to the control room 100 meters away at the
 
other end of the mill.  The intent is to use a bridge circuit consisting of


 
one or more op-amps and a length of multi-core cable to connect the two 

locations.


(a)
(i)
Should the cable be twisted and if so why?




(2)



(ii)
At which end should the first op-amp be and why?



(2)



(iii)
Should the op-amp be configured as a voltage or current 






driver and why?







(2)



(iv)
Draw an op-amp based current driver circuit




(2)


(b)
(i)
Draw a graph of a first order low pass filter based on a dc gain


 



of 10:1 and a cut off-frequency of 5Hz





(3)



(ii)
What is the gain at 50Hz






(3)


(c)
(i)
Design a circuit using an op-amp to provide the filtering 






requirements specified above






(3)



(ii)
If the input resistance is 10 kΩ calculate the value of the

 




components in your circuit.






(3)











ME203        7/10

6.
The program below was one of ten programs used in the laboratory

 
sessions supporting this module.  This program inputs an analogue signal

 
and displays the wave-form graphically using the full dimensional

 
capability of the monitor.


(a)
State briefly the function of each of its six modules marked A ...F


(6)


(b)
What is the function of each of the following program lines:



(i)
200



(ii)
340



(iii)
440



(iv)
530









(4)


(c)
Carefully rewrite the program to plot the same signal in the top left


 


quadrant (quarter) of the monitor's screen at half the previous


 



vertical and horizontal resolution






(10)

QUESTION 6 CONTINUES ON THE NEXT PAGE
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100 REM INPLOTF.BAS'  **Module A**


110 REM A-to-D prog latest version as 3.8.97


200 DIM y(1000)'  **Module B**


210 INPUT "Key in max voltage pk-to-pk (v) "; vmax


220 PRINT "Keyin time scale factor 1 ...50 and adjust "


230 INPUT " To get 3 to 4 cycles along marked baseline ";j1


240 OUT &H703, &H92


250 k = 0: j0 = 1


300 SCREEN 1'  **Module C**


310 COLOR 1, 1


320 CLS


330 LINE (50, 50)-(50, 150)


340 LINE (50, 150)-(250, 150)


400 start = TIMER'  **Module D**


410 FOR n = 1 TO 1000


420 OUT &H702, 3


430 OUT &H702, 2


440 y(n) = ((INP(&H701) AND &HF)* 16) + (INP(&H700) AND &HF0) / 16


450 NEXT n


500 trecmax = TIMER - start'  **Module E**


510 FOR n = 1 TO 1000


520 t = n* trecmax / 1000


530 tplot = 50 + t * 200 * (j1) / trecmax


540 v = y(n) * 10 /255


550 vplot = 150 - v * (100 / vmax) * j0


560 PSET (tplot, vplot)


570 NEXT n


600 PRINT "tmin="; 0; " tbaseline (s) ="; trecmax / (j1)'  **Module F**


610 PRINT "vmin=0"; 0; " vmaxline (v) ="; vmax / j0


620 END
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7.
With regard to computer wide-area-networks


(a)
State the function of each of the following protocols:




telnet, ftp, http








(3)


(b)
State the full name of three of the following acronyms which are 



parts of addresses used widely in the UK academic community:




niss, hensa, janet, bids







(3)


(c)
Describe the difference between Search Engines and Subject 






Catalogues on the World Wide Web.






(3)


(d)
State two methods of accessing computers at the University of

 


Brighton (UoB) from each of the two following remote situations.



(i)
A computer with a modem in a domestic environment.



(2)



(ii)
A computer with Internet or Janet access in another 





                        University.








(2)


(e)
What are the claimed advantages of the new ATM network planned


 


for the UoB compared to the existing network used to link major


 


buildings and remote UoB campuses.






(3)


(f)
Describe the proposed network using a block diagram if possible.


(4)
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8.
The management team of a chemical company intend to design a new

 
asymmetric combustion chamber for generating heat from waste material, 

figure Q8.
 The team is considering the possible application of a Computer

 
Fluid Dynamics (CFD) package to this problem.


Consider that you are asked to provide the following advice to the team:


(a)
What are the main advantages of using a CFD package




(5)


(b)
What are the main limitations of using CFD





(5)


(c)
What are the governing equations which are solved in CFD



(5)


(d)
Which of the following types of grid would be suitable for tackling

 

this problem and why:



-
Cartesian



-
Cylindrical



-
Body Fitted Co-ordinates (BFC)





(5)
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Figure Q8
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