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NON-NATIONAL CERTIFICATE: ENGINEERING CERTIFICATE OF
COMPETENCY
PLANT ENGINEERING: FACTORIES
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NOTE:

If you answer more than the required number of questions, only the req»ﬂired
number will be marked. Cross out all work that you do not want to be
marked.

INSTRUCTIONS AND INFORMATION

1.

14.

11.

12.

Answer all the questions in SECTION A.
Answer any TWO questions in SECTION B.
Read all the questions carefully.

Number the answers according to the numbering system used in this
guestion paper.

Show all calculations.

No marks will be given for calculations in which the steps cannot be clearly
followed or for work completed in pencil.

Make reasonable assumptions where necessary and clearly state these,
together with any formulae used.

Rule off across the page on completion of each question.

No notes, textbooks, references books or cellphones are allowed in the
examination venue.

Candidates who were not accepted by the Commission will be disqualified.
No candidate may enter the examination room more than 15 minutes after the
start of the examination and no candidate may leave the examination room

before ONE hour has elapsed.

Write neatly and legibly.
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SECTION A (COMPULSORY)

QUESTION 1

1.1 A steam pipe is lagged with 75 mm thick insulation material and a thermal
conductivity of 0,069 W/m.K. It is covered with a thin layer of material with a
transfer coefficient of 6,8 W/m?K. The pipe thickness is thin compared to its
radius and has a temperature of 180 °C throughout its wall thickness. The
diameter of the pipe is 100 mm and the ambient temperature is 19 °C.
Calculate each of the following:
1.1.1 Temperature on outside surface AN\ (5)

1.1.2 Rate of surface heat transfer per metre length pipe (2)

113 Condition of steam at delivery end if pipe is 120 m long, 500 kg/h
steam is transmitted, and initial dryness fraction of the steam is 0,9

Ignore pressure drop due to friction. (8)
1.2 Name FIVE accessories that must be installed on an evaporator for a steam
generator. (9)
[20]
QUESTION 2
2.1 Name THREE advantages and THREE disadvantages of oil circuit breakers. (6)

2.2 A single-phase transformer of 10 kVA has 400 W iron losses and 600 W
copper losses.
Determine the maximum efficiency of the transformer at 0,8 lagging power
factor. Also calculate the load at which maximum efficiency occurs. (5)

2.3 Star/delta starting is used on a 45 kW, 3-phase, 525 V, 1 440 r/min motor with
a power factor of 0,85 and an efficiency of 92%.

2.3.1 The motor draws six times its full-load running current and
produces 2,2 times its full-load running torque with direct-on-line
start.
Determine the current drawn and starting torque when it is started
by means of the star/delta starter. (%)
232 Determine the full-load line and phase currents when running in
delta. - (4)
p [20]
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QUESTION 3

3.1 SANS/ISO 45001: 2018: Occupational Health and Safety Management
Systems — Requirements with Guidance for Use (previous known as OHSAS
18001) addresses the identification of hazards, how they are communicated,
and the analysis and mitigation of known hazards.

3.1.1 Give FIVE examples of opportunities to improve occupational
health and safety performances. KE (5)
,);?e?
312 Name FIVE hazard identification processes that should be
considered. g (9)
3.2 A gantry crane installed above a printing machine in operation has to be shut

down for maintenance.

State 10 points that must be kept in mind before working on the crane. (10)
[20]

TOTAL SECTION A: 60

SECTION B

Answer any TWO questions in SECTION B.

QUESTION 4

4.1 Give FOUR requirements for the height of a distribution board in an electrical

installation. ¥
r)"" %

4.2 State FOUR requirements for the installation of a manually operated
disconnector for an electrical motor in an electrical installation.

4.3 Give FOUR reasons why an impregnant is used in an electric motor.

4.4 Name FOUR benefits of using thermography as part of a predictive

maintenance programme on electrical machinery. F o
oA
4.5 Name FOUR lamp types used in an industrial environment.
(5x4) [20]
AND/OR
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QUESTION 5
| A new stainless-steel heat exchanger has developed severe cracks around

the outlet.

Name SIX possible causes of the cracks and explain each cause. (6 % 2) (12)
9.2 A new flanged-shaft coupling has to be designed. The shaft needs to transmit

45 kW at 140 r/min. 18 mm diameter bolts are used on a 180 mm diameter
pitch circle. The maximum torque is 1,3 times the mean and the shear stress
in the bolts is limited to 30 mPa.
Calculate each of the following:
5.2.1 Maximum torque that will be transmitted
522 Number of bolts required
(2 % 4) (8)
[20]

AND/OR

QUESTION 6

6.1 A three-phase, 50 Hz overhead ling is 100 km long. The phase values of the
resistance, inductance and capacitance per km are 0,15 Q, 1,2 mH and
0,0087 uF respectively.

Using the nominal T method, calculate the send-end voltage, current and
power factor when the 132 kV line supplies a load of 70 MW at 0,8 power-

factor lagging. (15)

6.2 What legislation has been promulgated and what else can be done to reduce

the theft of transformers, distribution and transmission equipment of overhead
power lines? (5)
[20]

AND/OR
E2 QUESTION7?

= 7.1 Name and discuss THREE items that have to be checked on a steel-wire rope

of a gantry crane when carrying out a periodic inspection. (6)
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The electrically driven crab of an overhead crane can lift a mass-load of
5 000 kg. Its traversing speed is 0,375 m/s and its own mass is 2 500 kg. The
traversing drive has no mechanical brake and depends solely on electrical
braking assisted by the resistance of the wheels on the track which can be
taken as 1 350 N when the crab is fully loaded.

Calculate the maximum distance the crab will travel when fully loaded if there
is no electrical braking because of a power failure. The features of the
traversing drive are as follows:

Moment of inertia of motor armature: 0,04 kg m?

Speed of motor: 950 r/min

Diameter of wheel: 250 mm

The wheels are driven by double reduction gears with ratios of 18 to 110 and
15 to 82 and the efficiency of gearing is 85%.

AND/OR

QUESTION 8

8.1

The power supplied o a three-phase induction motor for a refrigeration plant
is 50 kW and the corresponding stator losses are 1,5 kW.

Calculate each of the following:

8.1.1 Total mechanical power developed and rotor 2R loss when the slip
is 0,04 per unit

8.1.2 Output power of motor if friction and winding losses are 0,8 kW

8.1.3 Efficiency of motor

NOTE: Ignore the rotor iron loss.

8.2

8.3

8.4

Copyr

ight rese

What document must be available when using an induction motor in a
hazardous location?

As horizontal-shaft wind turbines (HAWTS) increase in size, they become
more disturbing in certain ways. The development of a range of vertical-axis
wind turbines (VAWTSs) has addressed some of these negative effects.

Name FIVE advantages of VAWTs over HAWTSs.
Discuss the different stages of the use of concentrated solar plants for the

generation of electricity in South Africa.

TOTAL SECTION B:
GRAND TOTAL:
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(14)
[20]

(2)

(5)
(5)
[20]
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{ ¥
p ' g b b By % %
kPa *C m'/kg kl/fkg ki/kg kJ/kg ki/kg. K ki/kg K
75 91,8 2,217 385 12719 2 664 1,213 1,451
80 93,5 2,087 192 2214 2 666 1,233 7,435
85 95,2 1,912 399 2170 2 669 1,252 7,415
90 96,7 1,869 405 2266 1671 1,210 7,395
95 98,2 1,777 412 21262 2674 1,287 1,31
100 99,6 1,694 418 21258 2 676 1,303 1,360 -
10 102,3 1,549 49 2251 2 680 1,3 1,328 ,
120 104,8 1,428 439 2 144 2 683 1,361 7,300
130 107,1 1,325 449 2238 2 687 1,387 7.212
140 109,3 1,236 458 2132 2 690 1,411 1.247
150 11,4 1,159 467 2226 2 691 1,434 7,213
160 113 1.091 473 221 2 696 1,455 1,202
170 15,2 1,031 48) 2216 2699 1,475 7,181
180 116,9 0,9772 491 11211 2702 1,494 1,162
190 118.6 0.9290 498 2 206 2704 1,513 7,144
200 120,2 0,885 4 508 - 2202 21707 1,530 7,127
210 121.8 0,845 9 5it 2197 2 708 1,547 7,111
220 123.3 0,809 8 518 1193 2711 1,563 7,095
20 . 14,7 0,716 8 51 2189 2713 1,578 1,080
240 126,1 0,746 5 530 2185 275 1,593 7,066
250 127,4 0,718 4 515 2181 2716 1,607 7,052
260 128,7 0.692 3 541 211 2718 1,621 7,039
270 130,0 0.668 4 546 2114 2120 1,634 1,026
20 ' 1312 ¢ 06460 $51 2170 2721 1,647 7,014
% 1324 | 06251 357 2167 2724 1,660 7,002
300 133,3 0,605 6 $61 2 163 2724 1,672 6,991
o o147 | 05872 366 218 2726 1.68) 6,980
320 ;1358 0,5700 $71 2187 1718 1.695 6,969
330 136,8 0,553 8 576 7154 1730 1,706 6,959
M0 137,9 0,538 § 580 2150 2730 1,717 6,949
150 138,9 0,540 S84 2147 2731 1,721 6.939
360 119.9 0.5101" 589 2144 11 1,738 6,930
170 140,8 0,497 4 593 2 141 21734 1,748 6.921
380 141,8 0,485 1 597 2139 2 736 1,757 6,912
390 142,7 0,473 4 601 2116 21 1,767 6,903
400 143.6 0,462 2 M 213} 2738 1,776 6,894
410 1445 0.451 6 609 2130 2739 1,786 6,886
420 145.4 04415 612 2128 2740 1,795 6,878
430 146.3 0.4318 616 2128 2741 1,803 6,870
440 147.1 0,422 6 620 2112 2742 1.812 6,862
450 147.9 0,411 8 624 1120 1 744 1.820 6,855
A60 1487 0,405 3 617 217 2744 1.829 6,847
470 1495 0,1972 630 2118 2743 1,837 6,840
480 150.3 0.389 4 634 2112 2 746 1,845 6,833
490 151.1 0.3819 637 2110 1747 1,853 6,816
500 151.8 ‘0,314 1 610 1107 2741 1,860 6,819
520 153.3 0,361 | 647 2103 1750 1,875 6,806
840 1%4.8 0,348 5 653 2098 1751 1,890 6,793
560 136.2 0.3367 659 1094 1183 1.904 6,781
SRO 157,8 0,3287 665 2 089 2754 1,918 6,769
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