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Question 1 – Solutions

a)
			0.5mV/oC		2V/mV		4mm/V
i)
[image: ]


0.5 * 2 * 4 = 4mm/oC is the overall system sensitivity

ii) 10 * 4 = 40mm, 65 * 4 = 260mm, 110 * 4 = 440mm

iii) 0.25oC = 1mm so 0.25*1.5mm = 0.365oC, 0.25 *4.2mm = 1.05 oC and 0.25 * 6.1mm =1.525 oC

								[3 marks for diagram]
[1 mark for sensitivity]
[3 marks for identifying deflection]
[3 marks for identifying temp]


b) The student will be awarded for the following points in equation up to 6 marks



					
										[1 mark for determination of radius]
[1 mark for sensitivity formula]
[2 mark for calculating for 251milimeter]
[2 marks for final solution]

c) The student can use the table to determine that sensor 2 is the most suitable for the identified application. Reasoning should include suitable range (1-5MPa = 1000 to 5000kPa), the nonlinearity error is less than the required ±10kPa (i.e. ±0.1% = 5kpa). Temperature range (-50 to 120°C) exceeds the proposed operational environmental temperature of 0 to 20⁰C. Additional effects of thermal zero shift and thermal shift sensitivity are within the required instrument tolerance.

Sensor 1 is not suitable because the range (0.5-1 MPa) is below the required operating range of 1500kpa (1.5MPa). 

Sensor 2 is not suitable because the nonlinearity error is ±10kpa which is the same as the required tolerance however addition errors imposed by the thermal zero shift and thermal shift sensitivity will increase the combined error to a value that exceeds the required tolerance of ±10kPa.

	
	Sensor 1
	Sensor 2
	Sensor 3

	Range
	0.5-1 MPa
	1-5 MPa
	1-10 MPa

	Power Supply
	10V dc
	10V dc
	10V dc

	Full Range Output
	40 mV
	100 mV
	100 mV

	Nonlinearity errors
	±0.01%
	±0.1%
	±0.1%

	Temperature range
	0 to 120°C
	-50 to 120°C
	-50 to 120°C

	Thermal zero shift
	0.03% /°C
	0.0015% /°C
	0.0015% /°C

	Thermal shift sensitivity
	0.03% /°C
	0.0015% /°C
	0.0015% /°C




[3 marks for identifying sensor 2]
[3 marks for identifying reasons]
[2 mark for identifying reason for sensor 1]
[2 mark for identifying reason for sensor 3]

d) The graph should represent the following form
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[ 2 mark for correct X axis]
[ 2 mark for correct Y axis]
 [4 marks for correct plot]
Question 2 – Solutions

a)
o
+
i
G2(s)
G1(s)
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[10 marks]
b) i)
Overall forward path transfer function
 =  
                       
										(4 marks)




										(2 marks)
Multiply top and bottom by 1+500s
[bookmark: _GoBack]

										(2 marks)

										(2 marks)
Divide top and bottom by 1+3.6Kp

										(4 marks)

Compare with standard form gives Closed loop time constant, Ʈ = = 180
180(1+2.8Kp) = 500
Expand the brackets:
180 + 504Kp = 500
504Kp = 500-180
Kp = 0.63									(4 marks)
(Total 18 marks)
ii) Students to discuss the steady state error, lack of settle, heat loss in the system and system lag.
(6 marks)


[image: ]Question 3  – Solutions

a) Torque In = Torque Out + Losses					(2 marks)
            T(t) = J dω(t)/dt + f ω(t)							(6 marks)
            Taking Laplace   T (s) = (J s + f) ω (s)					(4 marks)

Transfer Function = ω (s) / T (s) = 1/(J s + f)					(2 marks)
(Total 14 marks)
b) Divide top and bottom by f   ω(s) / T(s) = (1/f) /((J/f) s + 1)
so the time constant Ʈ = J/f
           and gain = 1/f
(Total 6 marks)
c) Steps for solving dynamic system:
· 	Dynamic System represented in differential equations in time domain
· 	Laplace transform of model
· 	Design in S-domain, solve algebra equation
· 	Reverse Laplace transform and get the solution 
										(Total 8 marks)


d) 










































(Total 6 marks, 2 for each)









Question 4

a) Closed loop negative feedback

 =     where H = 1

 =      =  = 
							[3 marks for identifying elements]
[3 marks for identifying CLTF]
[6 mark for correct substitution]
[4 mark for correct reduction]
				
b)	
By comparison
Ʈ = 
							
							
Ʈ = 2/(0.01+0.02) = 66.67 sec
Θo = θi(1-) = 1.5(1-1.165m
								[4 marks for correct Ʈ equation]
[4 marks finding Ʈ]
[4 mark for correct level]



b) Students to suggest the addition of integral control, explain the action of the integral accumulator to sum errors and apply control action and the mathematical form of its transfer function Gc(s) = KI/s

[6 marks]
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The open loop transfer function is related to G, and G as follows.
eD
[ 0,
0. =6, - G,0,
G, = %
0, - G,0,
6,0, - G,0,) = 0,

G0, -GG, =0,
GO, = GG, + 0,
G0, = 0,(1+GG,)
% G
0, 1+GG,

i

G =
G

9 1

The transfer function for the closed system is hence G = — =
4 o, 1+GG,
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The load attached to a particular electric motor can be described as a rotary machine for crushing
copper ore in a ball mill, and can be represented schematically as in Figure 3. The load has an
inertia J kg.ni’. The viscous friction is assumed to be proportional to the angular velocity of the

rotating load (- % ), having a coefficient of viscous friction f Nm/(rad/s).

| Ball
1 Inertia

1

1

|

1 Viscous

1 Friction

-

Figure 3 Schematic diagram of
the inertial and viscous friction
load

a) If T Nm is the torque.applied to the load through a rigid shaft and © radians is the
angular displacement of the load, determine the transfer function of the load in the

form:

o
T
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ii RECEIVER or OUTPUT DEVICE
This tutorial is devoted to input devices but you can never separate it from the rest of the system as in many cases

they are all integral (e.g. a mechanical pressure gauge incorporates all of these elements). A block diagram of a
basic system is shown but they are usually more complex.

Input > + Output

Figure 1

Most modem analogue equipment works on the following standard signal ranges.
e Electric 4t0 20 mA
* Pneumatic 0.2 to 1.0 bar
Older clectrical equipment use 0 to 10 V. Increasingly the instruments are digital with a binary digital encoder
built in to give a binary digital output. Pneumatic signals are commonly used in process industries for safety
especially when there is a risk of fire or explosion.
The advantage of having a standard range or using digital signals s that all equipment may be purchased ready

calibrated. For analogue systems the minimum signal (Temperature, speed. force, pressure and so on ) is
represented by 4 mA or 0.2 bar and the maximum signal is represented by 20 mA or 1.0 bar.

‘This tutorial is an attempt to familiarise you with the many types of input sensors on the market today. Usually
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