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Section 1: System and Applications {Assoc.Prof.Dr. Wanchak Lenwari)
1. In process industries explain the meaning of process control, batch control and manufacturing

system. Also give two names of industries for each system. (6 marks)

2. Draw the structure of a typical large process control system. (5 marks)
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3. From a given figure, answer the following questions.

Hot Process fluid

, Cold Fluid

3.1 What is PV (Process Variable) of this system? (1 mark)

3.2 What is MV (Manipulated Variable) of this system? (1 mark)

3.3 What is the function of the device No.1? (1 mark)
3.4 What is the function of the device No.2? {1 mark)
3.5 What is the function of the device No.3? (1 mark)
3.6 What is the name of variable No.4? (1 mark)

3.7 Write down the block diagram of this control system and also explain its working process.

{6 marks)
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Section 2: Temperature Measurement {Assoc.Prof.Dr. Wanchak Lenwari)

Note. One page of thermocouple table is attached in the last page.

1. What is the SI unit for temperature? (1 mark)

2. Explain the meaning of thermal equilibrium. (2 marks)

3. What is the absolute zero temperature? (2 marks)

4. From a figure below, answer the following questions.

LINKAGE

.

TEMPERATURE SCALE

CAPHLARY TURE

4.1 What is the name of this device? {1 mark)

4.2 Explain the principle of this device and its applications. (5 marks)
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5‘. Explain the Seebeck effect and write down its equation. (3 marks)

6. For each of thermocouple circuits given below, 1. Draw the reduced form of circuit 2. Write down
the équation of the output voltage and 3. Answer which law is applied to obtain the reduced form?
(3 marks for each circuit)

6.1

Law of
6.2
:—--—l A 1"'"“" A 1=
i T2 I _
Tsl |T1 J—
i
oy ' i
Lg—u B L _____ ] B Luﬂ
Law of
6.3
Law of
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7. When using thermocouple for temperature measurement the reference junction may not be held at
0°C, but at the surrounding temperature of T1°C instead. Without any compensation, the
thermocouple output will be reduced by T1°C. One of the methods is an electronic or electrical

reference compensation. Explain this method in detail. (6 marks)

8. What is the main difference between thermocouple wire and extension wire? (2 marks)

9. From a figure below, if the measured voltage (V) is between -1 mV and 5 mV, calculate the

temperature range of this measurement in degrees Celsius. (5 marks)

Cu | _ 1 TypeK
+ lwl +
Voo >T
Cu !__!
T, =5



Ta-ana. sainAnm

10. From a given figure, thermocouple type K is used to measure temperature between -10 °C to 250

°C, explain the procedure to calibrate the transmitter using millivolt source. (5 marks)

Type K Olven a0°C
! o o
TCU Transmitter
4-20 mA
m...l,,__,__ 1___ y *
J _I Room Temp
[,’ 25°C
Mitlivottage /
Sourge

11. From a given figure, thermocouple type K is used to measure temperature between -10 °C to 250

°C, expiain the procedure to calibrate the transmitter using millivolt source. (5 marks)

M od

AUtO- Transmitter
Compensate
s

Room Temp
25°C

Millivoltage
Source
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1.2. Which type of RTD connection is the most popular type used in process control? Also draw that

connection for temperature measurement. (3 marks)

13. RTD {PT-100) is used to measure the temperature of one material. if the measured resistance of

RTD is 109.625 Q, calculate the temperature of this material. Assume R, = R,(1+ at) and

a =0.00385 Q/Q/°C (5 marks)

14. Which applications are suitable for non-contact temperature measurement? {3 marks)

15. For temperature measurement with non-contact technology explain the meaning of the
following factors. (6 marks)

15.1 Distance to Target (Spot) Ratio

15.2 Emissivity
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Section 3: Instrument Characteristic (Dr. Tanagorn Jennawasin)

1. N5 Si (Sl base units) Fuane

WInAnm

Base quantity Name of Base Unit ~ Symbol

Length meter m
Mass kilogram kg
Time second S
Electric current ampere A
Thermodynamic temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd

uanmeraslSinusie il Tugursmhegiu SI(3 Azuuw)

Usunes

YUY

aud (Frequency)

ANa9 (Power)

AMUAUTIU LA

(Electric resistance)

2. hadfiwaswiiaieniu 3 ¢ loun A, B waz C lagnldlunsiaundidnsussiuinsgiusing 12.00
Tas hastiwasusaziilaina 4 ase waztuiinaninlaaslumsseluil

Tianiiwmas A (had) Tiadiwmas B (Tasl) Tadfinas € (aad)
12.10 ‘ 15.10 14.18
11.70 10.15 14.15
12.25 16.20 14.20
12.40 11.80 14.16

fudefimeifmnsauadiudesisiolud (3 azuun)
21 hadfiwes faruiilemsausinaiug

22 hadlwes  denuwiugh

23 Tadlwes_ liivauiiewnsauasmnausiug
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3. inadamnudiulugag 0-10 und IdgnszylFhianufiananawiiy £1.0% vesrrgwldiaumna
wlidayanlvnaeudnmsoluil (3 Azuuw) |
3.1 sananuRanareasgainiiululglunissusmaudilag

ABY = g
3.2 WmAAudusgefivinlvirsiananalaiiy 2.5% vesrdield
ARBY = g

4. \nFostahwiniuvadiaasemils fnudnwuznisiesuu (Deflection) vasausadisuiulvani
ABINITI fanandlunisa

Tnan (Alansu) 0 1 y 3

nsileauy @aduuns) 5 X 38 71

auuiInudnvuznsdssuufisuiulvanfusuuidudu (Linear) asnsumonusialuil
4.1 WMDY X WAy y (3 AzZUL)
X= fadlums, y= Alansu

4.2 s husuaSosdeluming was/Alansy (2 Aziuu)
Amau=

5. WabuemumIneaidAyselullneduay (6 Asuuw)
5.1 1n5gIUNTIn (Measurement standards)

5.2 mMsasuisuLAIa9ilain (Calibration)

5.3 msL?{aug}ua’ (Zero drift)

10
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SEction 4: Signal Conditioning and Noise Reduction Techniques (Assoc. Prof. Dr. Ake

Chaisawadi)
2/ d’l < v o 2/ 5 d‘ 4 dl o o d’l
doseull § 4 9o vnde (Azuuuvianus 30 azuun) adluinmdnlilunszawineull
1. Instrumentation fparls? lusFedoald instrumentation TuszuunsEUIUNT (process system)?

(5 A¥iluY)

2. Signal conditioning Aeeyls? undaege 3 Wandu ves signal conditioning AlHdmsU

AFINTTUNTIAUAYATUANNSYUIUNINNERFIMNT Y (5 Azuuw)

iR
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3. 9n3UR 1, wesuedrelvillasilisuadluniinendalidmsuusas (10 Aziuw)
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6-20.!!!& "

Viol ItoV

S

LY
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.....

Em Control Rm
@

Arcing Lighting

Nofor/Power

'511*7{ 1

G

- S3UUNSEUIUNS (Process system)

- dyeodmsguenaImnssu (Industry standard signal)

- WduN151M (Measurement range)
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- nseslugyUveanssua (Current transmission)

- ANMULIUNTTIR (Measurement accuracy)

4. Noise wag Interference Aassls? Coupling mechanism of electromagnetic interference
Aeals warazanuisnasnansenuvatiulaetals? neusaulngeiuitudne lUTlunIAds

15 (10 PLLUL)

- Noise

- Interference

13
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- iwatlan1san (Reduction Techniques)

14




- Kec

TABLE 9 Type K Thermocouple — thermoelectric voitage as a function of

°C 0 1
-270 -6.458

-260 -6.411 -6.444
-250 -6.404 -6.408
-240 -6.344 -6.351
-230 - -6.262 -6.271
-220 -6.158 -6.170
-210 -6.035 -6.048
-200 -5.891 -5.907
-180 -5.730 -5.747
-180 -5.550 -5.569
-170 -5.354 -5374
-160 -5.141 -5.163
-150 -4913 -4.936
-140 -4.669 -4.694
-130 4411 -4.437
-120 4138 -4.166
-110 -3.852 -3.882
-100 -3.554 -3.584
-90 -3.243 -3.274
-80 -2.920 -2.953
-70 -2.587 -2.620
-60 -2.243 -2.278
-50 -1.889 -1.925
-40 -1.527 -1.564
-30 -1.156 -1.194
-20 -0.778 -0.816
-10 -0.392 -0.431
0 0.000 -0.039
0 0.000 0.039
10 0.397 0.437
20 0.798 0.838
30 1.203 1.244
40 1612 1.653
50 2.023 2.064
60 2.436 2478
70 2.851 2.893
80 3.267 3.308
90 3.682 3723
100 4096 4.138
110 4509 4550
120 4920 4.961
130 5328 5.369
140 5735 5775
150 6.138 6.179
160 6.540 6.580
170 6.941 6.981
180 7.340 7.380
190 7.739 7.779

°C 0 1

pWMATION%INCv

-6.446
-6:413

-6.358
-6.280
-6.181
-6.061
-5.922

-5.763
-5.588
-5.395
-5.185
-4.960

-4.719
-4.463
-4.194
-3.911
-3.614

-3.306
-2.986
-2.654
-2.312
-1.961

-1.600
-1.231
-0.854
-0.470
-0.079

0.079
0.477
0.879
1.285
1.694

2.106
2519
2.934
3.350
3.765

4.179
4.591
5.002
5.410
5.815

6.219
6.620
7.021
7.420
7.819

3

4

5

6

temperature (°C); reference junctions at 0 °C

7

Thermoelectric Voltage in Millivolts

-6.448
-6.417

-6.364
-6.289
-6.192
-6.074
-5.936

-5.780
-5.606
-5.415
-5.207
-4.983

-4.744
-4.490
-4.221
-3.839
-3.645

-3.337
-3.018
-2.688
-2.347
-1.996

-1.637
-1.268
-0.892
-0.508
-0.118

0.119
0.517
0.919
1.326
1.735

2.147
2.561
2,976
3.391
3.806

4.220
4,633
5.043
5.450
5.856

6.259
6.660
7.060
7.460
7.859

-6.450
-6.421

-6.370
-6.297
-6.202
-6.087
-5.951

-5.797
-5.624
-5.435
-5.228
-5.006

-4.768
-4.516
-4.249
-3.968
-3.675

-3.368
-3.050
-2.721
-2.382
-2.032

-1.673
-1.305
-0.930
-0.547
-0.157

0.158
0.557
‘0.960
1.366
1.776

2.188
2.602
3.017
3.433
3.848

4.262
4.674
5.084
5.491
5.896

6.299
6.701
7.100
7.500
7.899

-6.452
-6.425

-6.377
-6.306
-6.213
-6.099
-5.965

-5.813
-5.642
-5.454
-5.250
-5.029

-4.793
-4.542
-4.276
-3.997
-3.705

-3.400
-3.083
-2.755
-2.416
-2.067

-1.709
-1.343
-0.968
-0.586
-0.197

0.198
0.597
1.000
1.407
1.817

2.230
2.644
3.059
3.474
3.889

4.303
4.715
5.124
5.532
5.937

6.339
6.741
7.140
7.540
7.939
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-6.453
-6.429

-6.382
-6.314
-6.223
6.111
-5.980

-5.829
-5.660
-5.474
-5.271
-5.052

-4.817
-4.567
-4.303
-4.025
-3.734

-3.431
-3.115
-2.788
-2.450
-2.103

-1.745
-1.380
-1.006
-0.624
-0.236

0.238
0.637
1.041
1.448
1.858

2.271
2.685
3.100
3.516
3.931

4.344
4.756
5.165
5.572
5.977

6.380
6.781
7.180
7.579
7.979

-6.455
-6.432

-6.388
-6.322
-6.233
-6.123
-5.994

-5.845
-5.678
-5.493
-5.292
-5.074

-4.841
-4.593
-4.330
-4.054
-3.764

-3.462
-3.147
-2.821
-2.485
-2.138

-1.782
-1.417
-1.043
-0.663
-0.275

0.277
0.677
1.081
1.489
1.899

2312
2727
3.142
3.557
3.972

4.385
4797
5.206
5.613
6.017

6.420
6.821
7.220
7.619
8.019

-6.456
-6.435

-6.393
-6.329
-6.243
-6.135
-6.007

-5.861
-5.695
-5.512
-5.313
-5.097

-4.865
-4.618
-4.357
-4.082
-3.794

-3.492
-3.179
-2.854
-2.519
-2.173

-1.818
-1.453
-1.081
-0.701
-0.314

0.317
0.718
1.122
1.530
1.941

2.354
2.768
3.184
3.599
4.013

4.427
4.838
5.247
5.653
6.058

6.460
6.861
7.260
7.659
8.059

-6.457
-6.438

-6.399
-6.337
-6.252
-6.147
-6.021

-5.876
-5.713
-5.531
-5.333
-5.119

-4.889
-4.644
-4.384
-4.110
-3.823

-3.523
-3.211
-2.887
-2.553
-2.208

-1.854
-1.490
-1.119
-0.739
-0.353

0.357
0.758
1.163
1.571
1.982

2.395
2.810
3.225
3.640
4.055

4.468
4.879
5.288
5.694
6.098

6.500
6.901
7.300
7.699
8.099
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-6.458
-6.4414

-6.404
-6.344
-6.262
-6.158
-6.035

-5.891
-5.730
-5.550
-5.354
-5.141

-4.913
-4.669
-4.411
-4.138
-3.852

-3.554
-3.243
-2.920
-2.587
-2.243

-1.889
-1.527
-1.156
-0.778
-0.392

0.397
0.798
1.203
1.612
2.023

2.436
2.851
3.267
3.682
4.096

4.509
4.920
5.328
5735
6.138

6.540
6.941
7.340
7.739
8.138
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°C

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-140
-130
120
-110
-100

-90
-80
-70
-60
-50

-40
-30
20

100
110
120
130
140

150
160
170
180
190

°C



