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INSTRUCTION: Answer four (4) questions only.
Please use the answer booklet provided.

Question 1

(@)

(b)

(€)

(d)

(€)

Draw the circuit symbol of the components as listed below:
0] Thermal Overload Relay
(i) Isolator
(4 marks)
The installation of a motor control needs to be protected against short circuit and
overload current. Define:
(1) Short circuit
(i) Overload current.

(4 marks)
Explain briefly two (2) differences between contactor and control relay.

(4 marks)
Figure 1 shows the stator windings connection of a three phase motor. Determine:
0] The connection as shown in Figure 1.
(i) The phase voltage, V5, if the line voltage, V. = 240 V.

(iii) The phase current, Ip, if the line current, I, = 3.35 A.

(5 marks)
VL V|_
- o
U]_ Vl W]_
U V2 W4
Figure 1

A 3-phase, 6 poles, 50 Hz induction motor take 60 A at full-load speed 940 RPM and

develop a torque of 150 Nm. The starting current at rated voltage is 300 A.

(i) Determine the starting torque
(i) If star-delta starter is used, determine the starting torque and starting current.
(8 marks)
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Question 2

(@) Describe the function of control circuit and power circuit.
(4 marks)
(b) Figure 2 shows a control diagram for a conveyor system using forward-reverse
Direct On Line (D.O.L) starter.
(i) Identify the components F1, S1, F2, and KM2

(4 marks)
(i) Describe the functions of KM1 (13-14).

(2 marks)
(i) Explain the principle operation of the diagram in Figure 4

(6 marks)
(iv) Identify “X” and describe its function.

(3 marks)
(v) Draw the power diagram for forward-reverse Direct On Line (D.O.L)Starter

(6 marks)

13 [13‘ 3 113
S2E-N\  KM1\ - S3F-\  KM2
14 14 14 |14
61 1
KM2 - KM1
- 2 62
: X
i vl ]
- TA2 - AD.
KM 4 . KM2

~ Forward ' Reverse

Figure 2
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Question 3

(@) Briefly explain the basic construction of an Induction Motor.

CONFIDENTIAL

(10 marks)

(b) A conveyor system that uses a three-phase induction motor as its main actuator is

connected in DELTA with 415 V voltage supply. Figure 3 shows the name plate of

the motor. Determine:

() Line voltage, V, and the phase voltage, Ve.

(i) The electrical power, P, of the motor (input power drawn from the supply).

(iii) The efficiency of the motor, n.

(iv) The torque produced by the motor, T.

FED20203 INDUSTRIAL MOTOR CONTROL
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Yy * MOT.3 v LS 315 MR
SOMER N° 116412/ 2 785 Kg
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Figure 3

(15 marks)
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Question 4

(@)

(b)

(€)

(d)

Figure 4 shows the power diagram of an Autotransformer starter. Design the control
diagram for an Autotransformer starter.

(7 Marks)
List three (3) advantages and three (3) disadvantages of Autotransformer starting
method.

(6 Marks)
Draw the characteristics graph of current versus speed for Autotransformer starting
method.

(4 Marks)

An Induction motor with short-circuit current at normal voltage is 6 times the full load
current and the full load slip is 4 %. If magnetizing current is neglected, determine the
starting torque in terms of full load torque when started with:
(1) Star-Delta starting method.
(i) Autotransformer starting method, with 70.7% tapping.

(8 Marks)
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Question 5
(@) List three (3) types of stopping method for variable speed drives (VSD).
(3 marks)
(b) Explain briefly three (3) main parts of Variable Speed Drives (VSD).
0] Rectifier
(i) Three phase inverter
(i)  DC line filter
(6 marks)
(© Explain briefly two (2) types of errors that will cause failure to variable speed drives
(VSD).
(6 marks)
(d) The specifications of a conveyor belt system (multi-motor) are given in Table 1.

0] Calculate the total power consumed by 5 motors having a derating factor of
0.8
(i) Select the appropriate motor and Variable Speed Drives (VSD) for the system

(refer to Appendix)
(20 marks)
Table 1

System load: Fairly Constant load

Speed range: 1to3

Motor speed: 480 to 1440 (rev/min)

Resistance torque: 7 Nm

No. of load: 5 motors

END OF QUESTION PAPER
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APPENDIX

CONFIDENTIAL

Useful formula:

1. Electrical Power:
Pe = VI3 cos @

2. Mechanical Power:

3. Rotor Speed (Motor Speed)

120(1-s) f
N, = 1200-5)
P
4. Direct On Line Starting Method:
T | i
_st _| Zsc St
Tf I f

5. Star-Delta Starting Method

2
hzl Iﬁ S
T, 3| I
6. Auto-Transformer Starting Method
T I i
st _ 2| 'sc
St K? = | s,
T |
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'CEMEP-EU Standard

High Efﬁ‘Ciency Motor
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CEMEP-EU Standare

' High Efficiency Motor |
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High Efficiency Motor

CEMEP-EU Standard
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APPENDIX

Variable speed controllers for asynchronous motors

Altivar 58
with integrated heatsink and EMC filters
for asynchronous motors from 0.37 to 75 kW or 0.5 to 100 HP

References

High torque applications (170 % Tn)

Motor Mains _supply Altivar 58

Power Line Max.prospective Max. speed Max. Power Reference Weight
indicated current (2) line Isc controller transient dissipated (5)

on at at at at nominal current atnominal

rating plate U min Umax U min U max current (3) load

ar {4)

kW HP A A kA kA A A w kg

Single phase supply voltage : 200...240 V (6) 50/60 Hz

037 05 56 4.7 2 2 2.3 3.1 42 ATV-58HUO9M2 2.200
075 1 9.8 8.3 2 2 41 5.6 64 ATV-58HU18M2 2.200
15 2 18.5 15.6 5 5 7.8 10.6 107 ATV-58HU29M2 3.800
22 38 248 21.1 5 5 11 15 145 ATV-58HU41M2 3.800
" 3 - 247 213 5 5 13.7 18.6 220 ATV-58HU72M2 (7) 6.900
ATV:58HUTIM2 & 5 35 30 25 25 is2 247 o35 ATV-58HU90M2 (7) 13.000
55 7.5 46 39.4 22 22 242 329 310 ATV-58HD12M2 (7) 13.000
3-phase supply voltage : 200...240 V (6) 50/60 Hz
15 2 9.7 8.3 5 5 7.8 10.6 107 ATV-58HU29M2 3.800
22 3 134 114 5 5 11 15 145 ATV-58HU41M2 3.800
3 - 17.2_ 15 5 5 13.7 18.6 170 ATV-58HU54M2 6.900
4 5 22.4 195 5 5 18.2 24.7 220 ATV-58HU72M2 6.900
55 7.5 347 30 22 22 24.2 32.9 235 ATV-58HU90M2 13.000
75 10 44.4 38.2 22 22 31 42.2 310 ATV-58HD12M2 13.000
3-phase supply voltage : 380...500 V (6) 50/60 Hz
075 1 3.4 2.6 5 5 2.3 3.1 55 ATV-58HU18N4 3.800
1.5 2 6 4.5 5 5 4.1 5.6 65 ATV-58HU29N4 3.800
22 3 7.8 6 5 5 5.8 7.9 105 ATV-58HU41N4 3.800
3 - 102 7.8 5 5 7.8 10.6 145 ATV-58HUS54N4 6.900
4 5 13 10.1 5 5 10.5 14.3 180 ATV-58HU72N4 6.900
65 75 1z 13.2 5 5 13 17.7 220 ATV-58HU90N4 6.900
7.5 10 265 21 22 22 17.6 24 230 ATV-58HD12N4 13.000
11 15 354 28 22 22 24.2 32.9 340 ATV-58HD16N4 13.000
15 20 44.7 35.6 22 22 33 44.9 410 ATV-58HD23N4 15.000
185 25 43 35 22 65 41 55 670 ATV-58HD28N4 34.000
22 30 51 41 22 65 48 66 780 ATV-58HD33N4 34.000
30 40 68 55 22 65 66 90 940 ATV-58HD46N4 34.000
37 50 82 66 22 65 79 08 40 ATV-58HD54N4 57.000
ATV-58HD28N4 45 60 101 82 22 65 94 27 100 ATV-58HD64N4 57.000
55 75 121 98 22 65 116 157 1475 ATV-58HD79N4 57.000
Standard torque applications (120 % Tn)
3-phase supply voltage : 380...500 V (6) 50/60 Hz
22 30 51 41 22 65 44 55 750 ATV-58HD28N4 34.000
30 40 67 53 22 65 60 66 925 ATV-58HD33N4 34.000
37 50 82 66 22 65 72 90 1040 ATV-58HD46N4 34.000
45 60 99 79 22 65 85 108 1045 ATV-58HD54N4 57.000
55 75 121 97 22 65 105 127 1265 ATV-58HD64N4 57.000
75 100 160 130 22 65 138 157 1730 ATV-58HD79N4 57.000

(1) These powers are given for the maximum switching frequency permitted by the speed controller (2 or 4 kHz depending
on rating), in continuous operation with no derating. For higher switching frequencies, the controller must be in intermittent
operation or the speed controller must be set one rating lower. See special uses on the previous pages.

(2) Typical value without additional choke for a 4-pole motor. Exceptions : ATV-58HU72M2, HU90M2 and HD12M2
(single phase) (7).

(3) For 60 seconds.

(4) These powers are given for the maximum switching frequency permitted by the speed controller in continous operation
(2 or 4 kHz depending on rating).

(5) Speed controller supplied with an operator terminal mounted on it. To obtain a speed controller without an operator
terminal, add the letter Z at the end of the reference.

Example : ATV-58HU09M2 without operator terminal, the reference is ATV-58HU09M2Z.

(6) Nominal supply voltage, U min...U max.

(7) A line choke must be used if these speed controllers are connected to a single phase supply.

ATV-58HD54N4
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