CONFIDENTIAL

©

avs

UNIVERSITV COLLEGE
TaT)

UNIVERSITY COLLEGE TATI (UC TATI)

FINAL EXAMINATION QUESTION BOOKLET

COURSE CODE : BMT 3022
COURSE : SENSOR TECHNOLOGY
SEMESTER/SESSION  : 1-2024/2025

DURATION : 2HOURS

Instructions:

1. This booklet contains 4 questions. Answer ALL questions.
2. All answers should be written in answer booklet.

3. Write legibly and draw sketches wherever required.

4. If in doubt, raise up your hands and ask the invigilator.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO

THIS BOOKLET CONTAINS 8 PRINTED PAGES INCLUDING COVER PAGE




CONFIDENTIAL
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QUESTION 1

a) Define the purpose of a sensor.

(1 mark)

b) A transducer can function as an actuator, which is the opposite of a sensor.

i. Describe the operation of the actuator.

ii. Give an example of the actuator in daily life.

(2 marks)
(1 mark)

c) There are many classifications for sensors that can be classified depending on the

type of output signal or the physical parameters. Describe four (4) sensor

classifications.

(4 marks)

d) Figure 1 shows a block diagram for one simple sensor. Describe how the process

works.

Stimulus

v

Sensor

Figure 1

A4

Display/hardware

(2 marks)
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QUESTION 2

a) Temperature transducers are basically dividad into two (2) categories: contact
temperature sensor devices and non-contact temperature sensor devices.
Describe these two (2) types of temperature sensors.

(2 marks)

b) A type S thermocouple with the 28°C reference measures 3.934 mV. Calculate the
junction temperature. (Refer to Table for Type S Thermocouple in attachment

section ).
(9 marks)

c) A type S thermocouple with a 25°C reference will monitor an oven temperature at
about 205°C. Predict the expected voltage. (Refer to Table for Type S
Thermocouple in attachment section).

(2 marks)
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QUESTION 3

a) Draw four (4) types of the wire strain gauge. (1 mark)

b) Figure 2 shows bonded resistance wire strain gauge. Describe how it works.

Figure 2

(2 marks)
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c) Figure 3 below shows a simple illustration of the ultrasonic sensor. Explain how

this ultrasonic sensor works.

Reflected wave

Object

s
.

Emitted wave

Figure 3
(4 marks)

d) Figure 4 below shows the illustration concept of the ultrasonic sensor. Assume, the
time to travel from the sensor to the object is 16 seconds.

reflectad wave

Sender/
Receiver

distance r

Figure 4

i. Calculate the distance, r, between the sender/receiver and the object.
(Given speed of sound at sea level) = 340.29 m/s.
(2 marks)

ii. Calculate time travel from sender/receiver to object and return to
sender/receiver back.
(1 mark)
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QUESTION 4

a) Define a Linear Voltage Differential Transformer (LVDT). (1 mark)

b) Figure 5 shows the basic construction of an LVDT. Refer to Figure 5, describe the
working principle of an LVDT.

Primary
(E <>
A
Vo
|74 v
1 <3
éi 3
" Vd
Movaabis
coras

Figure 5

(6 marks)

‘End of question
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Attachment
TABLE {5 Type 5 Thermecouple — thermoeleciric voitage as a funcfian of S =] C
empergiure (T); reference jurctions at 8 ©
= -] i 2 3 4 5 & 7 8 2 10 =C
Thermeelectric Vollage i Milfvolts
-50 -0.236 <50

-0 0484 0190 023 0207 0211 0295 038 02 0208 0237 028 40
-3 0950 0455 0150 0184 0188 0973 0177 0181 0186 0180 0184 30
20 0443 0408 0113 01917 0422 0427 0432 0438 D441 D448 D450 -20
-0 0053 005 -0083 -006E 04073 0078 0083 0088 D083 NGB8 0103 A0
0eco -0Lo8 0011 0016 0021 D027 -0032 D037 0042 0048 0053 o

[}

0000 0C05 001 0016 0022 0027 0433 0038 0044 0050 0055 0
D55 0881 0087 0472 0078 0084 0480 0085 0401 01907 0412 10
0913 01418 0426 0431 0137 0343 0948 045 0181 0467 0473 20
D73 0470 03856 0481 0987 0204 0210 0218 0222 0228 0235 a0
0235 0241 0246 0254 0260 0267 0273 0260 0286 0292 0290 40

0365 0372 0378 0385 0382 (390 0405 0412 0490 0428 (0433 =]
0433 0440 0446 0453 0460 0467 0474 0481 0488 0485 0502 70
0502 0500 0516 0523 0530 0538 0545 0552 0550 0566 0573 80
0573 0550 0588 0585 0802 0608 0817 0624 0831 0830 0846 el

100 0846 0653 0461 0868 0675 0633 0880 080 0705 0713 0720 100
110 0720 077 0735 0743 0750 0758 0785 0773 0780 0788 07985 11D
120 0785 O0BO3 0B11 0818 083 083 O0B41 0840 0857 0B85 0OBFZ 120
130 0572 0.BB0 0838 O0B06 0803 0511 0818 0827 0835 0542 0850 130
140 0850 0BS5S 08B 0674 0882 08990 0908 1.008 1013 1021 1038 140

a
10
20
30
44
50 0268 0305 0312 0318 0325 0332 0338 0245 0352 0358 038 50
€0
70
£0
80

150 1028 1037 1045 1083 1081 1060 1077 1086 1004 1102 13110 150
160 1110 1918 1128 1134 1142 1450 1158 1167 1176 1183 1181 180
170 1181 1188 1207 1218 1224 1232 1240 1240 1257 1285 1273 170
180 1273 1262 1260 1285 1307 1315 1323 1332 1340 1248 1357 190
180 1357 1365 1373 1382 1300 1300 1407 1415 1424 1437 1441 190

200 1441 1448 1458 1486 1475 1483 1482 1500 15080 1517 1528 200
210 1528 1534 1543 1551 1560 1560 1577 1586 1504 1603 1812 210
220 1612 1820 1620 1838 1448 1655 1883 1872 1681 1600 1888 220
230 1688 1707 1716 1724 1733 1742 1751 1750 1788 1777 1786 230
240 1788 1704 1803 18127 1821 1820 1838 1847 1856 1865 1874 240

250 1874 1282 1801 1800 1908 1918 19827 1536 1044 1053 1862 250
260 1862 1971 1880 1888 1898 2007 2018 2005 2034 2043 2052 280
Zrg 2052 2081 2070 2078 20B7 2086 205 2114 2123 2432 2141 270
2E0 213141 2151 2160 2180 21758 2487 2186 2205 2214 2223 2232 280
200 2232 2241 2280 2250 2288 2277 2287 2206 2305 2314 2323 240

300 2323 2332 2241 2350 2360 2360 2378 2387 2366 2405 2415 300
310 2415 2424 2433 2442 2451 2461 2470 2470 2488 2467 2507 310
320 1507 2516 2535 2534 2544 2553 2562 2571 2581 2500 2500 370
330 2558 2800 2818 2837 2636 2646 2855 2684 2674 2683 2602 330
340 2882 2702 2711 2720 2730 270 2748 2758 2767 2776 2786 340

380 2786 2795 2805 2814 2823 2833 2847 2851 2861 2870 2880 350
360 2BE0 288D 2800 260 2017 2877 2438 2948 2955 2085 2074 360
370 2874 258B83 2803 3002 30792 3021 3031 3040 3050 3060 3060 370
360 3060 3078 30BE 3007 307 3418 3426 3135 3445 3154 2484 380
380 3164 3473 3083 3492 3302 3212 3221 3331 3240 3250 3356 360

o a i 2 3 4 3 [ ¥ ] 3 10 *C
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SQC TABLE 15 Type S Thermecouple — themmoslectric vofsge as a funcfion of
temperafure {C); reference funclions at 0 ©

«C 8 1 2 3 4 3 & 7 8 9 10 *C
Thermasiectis Voitage n Miltvolts

400 3250 3288 3278 3288 3208 2337 3317 3336 3336 3346 335 400
414 3366 3365 3374 3384 3384 3402 3413 3423 3432 3440 3451 410
420 3451 3461 3471 3480 3480 3500 3500 3518 3520 3538 38548 420
430 3548 3588 3567 3577 35B7 3500 3806 3616 36826 34835 34845 430
440 3845 3855 3g64 2874 3884 3804 3703 3713 3723 3732 AT4Z2 440

480 A742 3752 Aa782 3771 3781 3781 3801 3810 3820 3830 3840 4650
480 B840 3850 3850 36860 36879 36880 3608 30608 3818 3028 3038 460
470 3838 3647 2057 3067 3677 3087 3807 4008 4018 4026 4036 470
480 403 4D46 4056 4085 4075 4085 4085 4108 4115 4128 4334 430
480 4124 4944 42154 4184 4174 4184 4184 4204 4213 4323 43233 400

500 4233 4243 4253 4263 4773 432683 4283 432 4313 4323 4332 500
510 4332 4342 4352 4362 4372 4382 4302 4402 4412 4422 4432 510
520 4432 4447 4452 4462 4472 4482 4482 4502 4512 482 4832 520
530 4532 4542 4552 4562 4572 4582 4502 4602 4612 4622 4832 50
544 4832 4842 4852 4802 4872 4882 4882 4702 4712 4722 4732 540

880 4732 4742 4752 AT62 4772 4782 4783 4803 4813 4823 4833 550
860 4833 4843 4853 42063 4873 4883 4803 4804 4914 4824 4834 560
570 4834 4844 4854 40684 4074 4984 4005 5005 5095 5035 5035 57D
8B 5035 6045 6085 6066 5076 6086 5006 51068 5118 5127 537 540
580 5137 5147 5157 5187 5478 65188 5988 6208 528 5238 5230 5AO

600 5230 5240 5250 65260 5280 5200 5300 5310 8320 6331 5241 600
610 6241 52351 5381 5372 5382 5307 5402 5413 5423 6433 5443 810
620 5443 5454 5464 5474 5485 5405 45505 6515 6528 5636 65546 620

840 584 5660 5670 5680 5801 5701 5712 5722 5732 5743 5753 640

50 5753 5763 &6774 AHT7B4 57B4 GE05 6R15 5826 56836 5846 6857 650
&en 5857 &867 6876 GBEE SEBE 5808 5818 5830 5040 5050 50861 880
&ra 5861 58071 50E2 5802 A.002 8012 6024 6034 6044 6055 8065 670
&ed 6065 6076 6026 6007 6407 68118 61928 6130 8.140 6160 6470 680
€80 6.170 8181 6181 6212 6212 8223 6233 6244 6254 6285 6275 600

700 8275 6286 6206 02307 6317 6328 6338 6346 63260 6370 683281 700
710 6281 6381 6402 6412 0423 6424 6444 6455 6485 6476 64B6 7D
720 6466 6487 60508 6518 6520 65368 6550 6561 6571 6582 6583 720

740 6688 A710 B720 6731 67427 6752 6783 B.774 5_7‘34 6785 68068 740

750 6E06 8817 66827 6835 06840 6850 6870 6B8E1 6882 46802 8813 750
760 6813 66824 0634 6845 06056 6867 6877 6BER A8BE 7010 7020 780
770 7020 7031 7042 FO53 7084 70/4 7OBS 7088 7P O7H7 7428 770
780 7128 7430 TS0 781 TA7Z O 7AB2 783 TXM TS 7228 723 740
T80 7236 7247 7288 T3I60 7IBOD T3P 732 FA12 7A23 733 7245 70

00 7345 7356 7367 T3TE 73BE 73BB 7410 T4 7432 T443 T454 800
810 7454 7406 7478 VAR 7407 7ADB 7519 7830 541 7552 7583 810
820 TEBY T574 THBS THEGO TRGY V618 7620 7640 7851 7882 Y673 @20
£30 TE73 TREB4 TEBS 706 717 7728 TII 7I50 7761 7772 F7B3 B30
840 TIE3 7704 7806 7816 TEI7T TH3E TA40 TEGD TEM TEB2 7RO3  B4D

880 7R3 FO04 Te15 7926 7837 TH4B TEE@ YET0 7881 FEO2 4003 850
880 8402 8014 8026 8037 8448 6058 8070 8081 8482 8303 8114 860
870 8114 8425 8137 8148 81580 8170 48181 4182 8203 8214 B82ZM 870
B&0 8226 8237 8248 8250 8270 8281 8283 6304 8315 8328 8337 880
8o0 8337 08.346 8360 08371 08382 083083 8404 8416 8427 8438 8448 BI0

= a i 2 3 4 3 5 7 8 ] 10 C



