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QUESTION 1

a)

Define what the purpose of instrumentation system and give ONE (1)

example of instrumentation system. : (3 marks)

Explain the element of instrumentation system below.

I.  Sensor/Transducer (2 marks)
ii.  Signal Processor (2 marks)
iii. Data Presentation (2 marks)

Transducer is a converter of one type of energy into another. Transducer
may be used as actuator. Describe the function of an actuator and give an

example of application of actuator in our daily life. (3 marks)

Smart transmitter is a device that used a microprocessor as an integral unit,
Explain the application of smart transmitter in instrumentation systems.
(8 marks)
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QUESTION 2

a) Sketch the basic thermocouple connection. (2 marks)
b) Describe how the voltage is produced from a thermocouple. (3 marks)
c) ldentify the combinations of materials used for the thermocouple type below.

i. TypeT (1 mark)
i. TypeE (1 mark)
i.  Typed (1 mark)

Referring to the Thermocouple Table in Appendix 1, a type K thermocouple
with 0°C reference will monitor an oven temperature at about 215°C.
Calculate the voltage produce by the thermocouple.

(5 marks)

Referring to the Thermocouple Table in Appendix 1, a type K thermocouple
with the 21°C reference measures 4.286 mV. Calculate the junction

temperature. (7 marks)
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QUESTION 3

a)

b)

A signal is a function representing a physical quantity or variable that

contains the information about the behavior or nature of the phenomenon.

Sketch the behavior of Continuous-time Signals and Discrete-time Signals.
(6 marks)

Describe the temperature adjustment process based on the block diagram

of analog digital conversion (ADC) in Figure 1. (10 marks)
Temperature —. Meagurmg , ”gigi%a‘o N Digital
(Analog) device converter | processing
- — T ~ .
igitatto- Controller4——  Adjusts

—>1 analog
converter « m Temperature

Figure 1

A 20 - 100kPa(g) output pneumatic transmitter is used to monitor the water
level inside a tank. The calibrated range is 50cm to 250cm of water above
the base of the tank. Calculate the output of the transmitter when the water

level is at 200cm above the base of the tank. (8 marks)

An electronic transmitter with an output of 4-20mA is calibrated for a
pressure range of 5-25MPa(g). Calculate the pressure for the signal of
16mA. (8 marks)

A system used a Digital to Analog Converter (DAC) circuit to convert the
digital output to analog value. If the component value in the circuit are Ro=
75KQ, R3=37.5KQ, Rr=20KQ, V=3V, Calculate the output voltage, Vout

for the binary input 0110. (8 marks)
4
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An analog-to-digital converter (ADC) is a system that converts an analog
signal into a digital signal. Calculate output voltage and current for a binary
weighted resistor DAC of 4 bits in Figure 2.

Where:

R =10 k Ohms, Rf= 5k Ohms and Vg = 10 Volts.

Applied binary word is 1001. (10 marks)

| 1-hit
MSB

Figure 2
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QUESTION 4
a) Describe what is meant by final control element? (2 marks)
b) Valve is a mechanical device specifically designed to direct, start, stop and

mix or regulate variable of a process fluid. Describe the function of the

categorized valve below:

I On-Off (2 marks)

il. Non return Valves (2 marks)

Two control valves calibration split range is show in Table 1.

Table 1
Control signal Valve A Valve B
4 mA Fully closed Fully closed
8 mA 50% open Fully closed
12 mA 100% open Fully closed
16 mA 100% open 50% open
20 mA 100% open 100% open

i.  Calculate the stem position of each control valve at a signal value of
6.34 mA (2 marks)

ii.  Calculate the stem position of each control valve at a signal value of
15.81 mA. (2 marks)

End of question
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Appendix 1

IBTRU
{TS-90 Table for Type K Thermocouple (Ref Junction 0°C) htip:#rectemp.com
‘ °C 0 1 P 3 4 5 [ 7 8 9 10

Thermoelectric Voltage in mV

0 G.000 0.034 6.074 AR L] 0.158 Q148 0.236 0.277 07 0.5357 o.5397
10 0,397 0.437 0477 0.517 0.557 9 .5a7 0637 0877 0.718 0758 0798
20 0.798 a.4388 0879 041y 0850 1.000 1041 1.081 1.122 1.36% 1.203
30 1203 1.244 1.286 1,526 1366 1407 1.448 1 A3 1530 1671 1612
40 1.612 1.053 1894 1730 1.776 1817 1858 1.859 1.0 1982 2023

50 2.023 2064 2.5 2147 2.188 2230 2271 2.312 2.354 2.385 2436
B0 2.436 2478 2519 2561 2.6402 2644 2685 2727 2.768 2830 2.851
70 2.851 2893 2.534 2.476 3917 3054 3100 3.142 3.184 3.225 3357
80 32467 3.308 3.350 3.391 3438 3474 3536 3557 3499 3540 3.682
90 3.682 3.723 3.765 2.804 3.848 3.68% 39371 5.972 4813 4 G546 4.09%5

100 4.096 4138 4179 £220 4362 430% 4344 4385 4.427 4465 4509
140 4508 4550 4.591 4,633 4674 a5 4756 4 757 4838 4879 4.820
120 4.920 4,961 5009 5,043 5084 5.124 5,165 5208 5347 5288 5328
130 5308 5.368 54510 5450 5441 5532 5672 5613 5.653 5694 6735
140 [sts 5,775 5815 54856 5896 5937 8.977 6017 £.058 6098 6138

150 £.134 Lo a<] 5218 #2598 6294 £$.339 6.380 6420 6460 6.500 6540
60 6,640 £.480 6620 6.560 6701 57414 5781 5621 5061 5.901 6941
170 6.541 6.981 Fom 7.060 7.100 .40 7.480 1220 7.260 7300 7.340
180 7.340 7.380 7.420 7.450 7.500 7.540 7579 7618 7658 75499 7.734%
180 77348 7374 7814 7 859 1898 7.989 TEVG 5.014 8.0454 8.059 5138

200 8.138 8178 8218 8.258 8.29¢ a.33% 8378 8418 a.45a 849y 8539
210 8539 84579 BB1Y 559 8.699 8734 ] BHIG 84950 8900 B840
220 B.940 8.980 9020 2061 4.1 4141 9161 §9.222 9262 4.302 %343
230 9.343 8.383 9.423 G464 5.804 9.645 Y 585 8626 9666 9.707 9747
240 5747 9788 5828 9859 G909 2950 9991 10027 10072 10113 10,153

250 0153 10,184 0238 10.276 16,316 10.357 10.398 40438 10480 10520 10561
250 10561 10¢.602 10843 10,684 Y25 10768 10607 0.848 10.889 10.930  10.971
270ty 11012 1063 11.024 1 13% 11.176 11.317 13259 11,900 11341 11.382
280 1082 11423 11465 11.508 $1.547 11.568 11630 TLETY 11.712 11763 11746
280 £1.795 11836 11877 11.91% 11.950 12.001 12.042 12,084 12126 12,167 12205

300 2208 12250 12281 12435 12374 12416 12457 12499 12540 12582 12624
310 12624 12866 12707 12748 42790 12831 12873 2G5 12956 17998 13.040
320 13040 13081 3123 139865 18206 13248 13290 §3.331 12973 13418 18457
330 t3.4B7 13498 13540 13582 13.624 13665 13707 13743 13791 13853 13874
340 13874 139816 13938 14000 14,042 14084 14326 14167 14208 14261 14283

350  14.2%3 14335 14377 14 414 4,461 14.50% 14.545 14.567 14529 14671 14713
360 4718 14.755 14.797 14,834 14851 4323 14 865 15.007 15044 15081 16133
370 15133 tRATH 15217 15.259 15,301 15343 15385 16427 15469 16511 15.654
380 15.554 16,696 15638 156480 15,722 15,764 15806 15.848 165,891 15433 16975
380 15978 16017 16.059 16.102 16144 16 186 16223 16270 16313 16355 16.387

400 16 au7 16 55 16735 16778 1683
410 ie8zn 17074 17158 17200 (7243
420 17 240 17 457 17590 ATE24 17.657
430 17687 17524 16,005 [FX ]
440  ra.04d 16545 frs16
oG o 4 2 3 4 5 6 7 8 9 10
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