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DEPARTMENT OF HIGHER EDUCATION AND TRAINING
REPUBLIC OF SOUTH AFRICA
NON-NATIONAL CERTIFICATE: ENGINEERING CERTIFICATE OF
COMPETENCY
PLANT ENGINEERING: FACTORIES
TIME: 3 HOURS
MARKS: 100

NOTE: If you answer more than the required number oR
the required number of questions will be m&gls

INSTRUCTIONS AND INFORMATION

1. Answer QUESTION 1, QUESTION 2¢
any TWO questions in SECTION B¢

2.

eyfeasonable assumptions where necessary

4. :
fulae used, must be clearly stated.

%8s, 7 This NOT an OPEN-BOOK EXAMINATION. Candidates are NOT allowed
to gse any notes, textbooks, references books or cellphones during the

imination.
9. Candidates, who were NOT accepted by the Commission, will be disqualified.
10. NO candidates may enter the examination room after half an hour after the

start of the examination and NO candidate may leave the examination room
before one hour has elapsed.
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SECTION A (COMPULSORY)
QUESTION 1
1.1 You have a 10 ton fire-tube steam generator that uses coal at your plant.

Name TEN items to be checked or to be done every 8 hours on the steam
generator.

1.2 A tank containing 400 kg of paraffin is to be heated from 1§
20 minutes (1 200 seconds) at your factory where poflsh ik
using 400 kPa (gauge) steam. The paraffin has a specifig
2.0 kJ/kg °C over that temperature range. The hifiat. 4
2 108.1 kJ/kg. The tank is well insulated an

Determine the steam flow rate.

QUESTION 2

P supply is developing

A single-phase motor operati
ad§dwer factor of 0,7 lagging.

10 kW with an efficiently of

Calculate;

Lglpymon mistakes that cause wastage of electrical energy in

(10)

ac,
[20]

(3)
)
()

(6)

(6)
[20]
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QUESTION 3

3:1 A health and safety management system (OHSMS) prescribed by the chief
inspector in government notice R.859 of 2 September 2005 requires that you
must establish an occupational health and safety policy.

Name FIVE requirements that should be contained in the employers OHS
policy. SR

3.2 A 10 ton centrifugal press is used to make 10 mm hofes in sigall 5 rg
that are manually fed. 4 ;

3.21 Name FIVE items or documents on the fifss
the planning stage of an OHSMS.

322 Name FIVE hazards associateg

precautionary measures to reg#
TOTAL SECTION A:
SECTION B
Answer any TWO of the followirg

QUESTION 4

atons to determine the nominal cross-sectional

41 %
Relectrical installation.

©)

®)

(10)
[20]

60

(4)
“4)

©)
)

(7)
[20]
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QUESTION 5

9.1

5.2

Copyright reserved

Routine inspection of a 305 x 165 x 40,5 rolled steel joist (RSJ) installed in a
factory as a cantilevered crawl beam for a liting machine reveals a crack in
the top flange. The direction of the crack is at right angles to the longitudinal
axis of the RSJ.

Non-destructive testing methods are used and a crack Qb
completely through the top flange is found 2,45 m from theffree an d, of the
cantilever. A

Factory records reveal the RSJ has a:
(i) yield stress of 350 MPa
(ii) fracture toughness, Kic = 70 MPa.Vm
(iii) thickness-to-width ratio factor for the flangeska

The crack is found towards the end gf spajaffard Ehsive maintenance
shutdown and factory refit. The avaifa toe lifting"machine is absolutely

essential for the completion of #ie epangor replacement of the crawl
beam, because it is extremely. awigvafily situat®d, will mean the loss of a
number of days. These defa Esult j@fmany thousands of rands of

additional expense.

£With safety in consideration, repair or
Pactory refit is completed. Determine,
38 Intensity Theory, the maximum load (in kg)
€ end of the cantilever with a factor of safety of
(R@ effective second moment of area of the RSJ by

An attempt must be mai
replacement of e
according to the CY
which may be agglied$
4. The ?‘r:‘:‘i l'v

gk has to be constructed for the steam generator house of
laggmust have a capacity of 5 000 litres of water and is to be
Io 1ape. The tank is to be made from 2,5 mm thick 3Cr12 plate with a
nsity akZs7/00 kg/m® and be supported on 4 channel-section support legs,

Withgthe botfom of the tank 5 metres above the steam generator house floor.
# The Weight of the fittings and attachments is 162 kg. The support legs are to

oncreted into the steam generator house floor. To maximise access to the
“space under the tank there can be no cross-bracing between the legs.
e tank rests on the legs and is not restrained in any direction. Each support

eg is to have a factor of safety of 4.

Take Young's Modulus for the steel as 206 GPa and the yield stress as
250 MPa.

Select from structural steel tables, by means of calculations based on the
Euler theory, the most economical section of the channel to use.

(10)

(10)
[20]
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QUESTION 6

A three-phase, 6 600 volt feeder supplies power exclusively to a pump station
consisting of a number of pump- and motor units. When all the original pump- and
motor units operate simultaneously the feeder carries a load of 1 000 kVA at a power

factor of 0,8 lagging.

An additional 600 kVA synchronous motor is installed in the pump statiessio drive an
extra pump. When run unloaded this motor absorbs 60 kW. The pumg#t
by the synchronous motor requires 270 kW to drive it. The motor afficiencyfSR00%

when delivering 270 kW.

6.1 Calculate, when all the original pumps are in operdiigmand Re Vi ffonous
motor is driving its pump, the .

6.1.1 line current in the feeder and (10)

6.1.2 power factor of the feeder at the p (1)
6.2 Determine, when all the original £ '
motor is uncoupled from its pugnp R

(8)

(1)

[20]

e shown in FIGURE 1 is used to raise a series of

74
ewith their corresponding required efforts, are shown in the

250 N 500 N . | 750N
72N 142 N 212N

1.1 The velocity ration of the machine in the sketch

7.1.2 The law of this machine

7.1.3 The mechanical advantage and the efficiency of this machine when
lifting the 250 N load

7.1.4 The maximum efficiency attainable by the machine
7.1.4 The maximum load that can be raised if the maximum applied effort is

700N
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(9)
7.2 A horizontal beam, with a weig
loaded as shown in FIGURE
) (11)
FIGURE 2 [20]
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QUESTION 8

8.1 A battery of 120 cells, has an overcharge current | equal to 17 A, in a room of
dimensions 4 mx2 m x 3 m on a stand where the battery and stand are

occupying approximately 3 m°.

8.1.1 Calculate the concentration gas in the room after 1 hour.

V=NxIx0,00045 m®

81.2 If the concentration of hydrogen must be belo
the change rate be?

(6)

8.2 You have a battery room for the charging of fork

as a zone 2 hazardous location. P

Name FOUR types of protection gk

machinery. ? (4)
8.3 Name SIX areas where cathogi (6)
(4)
[20]

TOTAL SECTION B: 40
GRAND TOTAL: 100
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FORMULA SHEET
P=v3VICos#8

Q = mCAt

P #(Ts~Ta) ¥

P =mgLSin 6

P =pumgL

M=fz
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T/h = CW?pv
Q = UA@-O@
Ln(@4/ D)

W = _n_.P:V;{(Pa/P:)expl
n-1

Vsphere
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I Ivmﬂ Mﬂﬂnm:rum Parallel Flange
DIMENSIONS FOR DETAILING

AFMETINGS VIR DETAL LLERING
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PROFILE SHEETS

Flens/Flonge Web Keepioich
Neeksgroatte i
i

S o i N Y Mbsd o] o
mm hg/m mm min mm mm mm- | mm .N.....«. mm mm

203 % 133 253 | 2032 76 | 1334 7.8 5.8 172 49 75 20

298 | 2068 76 1338 88 63 | 172 | 52 % 20

254 X 146 33 | 2515 786 | 1481 86 6,1 219 51 a5 20

37,2 | 256,0 76| 1464 | 109 64 219 52 85 25

432 | 2596 76| 1473 | 12,7 73 | 213 | 57 85 | 25

305 X 102 245 | 3048 76 1016 68 58 | 276 | a9 60 | 20

286 | 3089 | 76 1019 | B9 61 | 28 | 6.1 60 | 20

328 | ;12,7 7.6} 1024 | w08 66 | 276 | 5,3 60. | 25

05 X 165 5 an....m 3038 89 1651 | 102 6,1 266 5,1 50 25

46,1 | 3071 89| 168657 | g 67 | 266 | 5.4 90| 25

536 | 3109 B9 1668 | 13,7 7.7 | 266 | 59 90 | 25

356 X 171 4481 3620 102 | 179 A1 97 89| 312 5,5 95 | 25

50.7 | 3686 | 10,2 1715 115 7,3 312 6,7 5 25

56,7 | 3586 102 1721 | 13,0 80 | 312 | g0 85 | 30

67,2 | 3640 10,2 | 1732 15,7 8.1 32 6.6 95 30

406 X 140 38,8 | 3g7.3 10,2 | 1418 86 683 380 52 80 25

46,3 | 402,3| 102 1424 | 112 6.9 | 360 | 55 80 | 25

406 X 178 538 | 4026 102 | 1776 10,9 76 | 360 | 58 100 | 25

59.8 | 406,49 10,2 | 1778 128 7.8 360 59 100 | .30

672 | 4094| 102 | 1788 143 88 | 360 | 6,4 100 | 30

748 | 4128 102 § 1797 | 16,0 9.7 360 6.9 100 30

Flens/Flange ' Web Keep/Notch

Reeksgrootie
Serial Size

i 2 “un _\V ry b 143 & _\u._ w_m_. + m._ ___uM

mm kg/m | mm mm mm mm mm mim mm mm mm

457 X 191 671 | 4538 102 1839 | 127 85 | 408 6,3 105 25

74,7 | 4572 10,2 | 1908 145 9.1 | 408 6,6 105 a0

B2,0 | 460,2 102 | 1913 | 4 6,0 99 408 7.0 105 30

89,7 | 4836 10,2 1920 17,7 1086 408 7.3 105 a0

983 | 4674 10,2 1928 | 196 11,4 408 1.7 105 35

533 X 210 82,2 | 5283 127 | 2087 13.2 96 | az7 68 110 a0

925 | 5331 12,7 | 2093 86| 102 | 477 71 110 35

101 | 6367 12,7 | 2101 174 109 | 4977 15 110 35

109 | 5395 12,7 | ‘2107 188 116 | 477 18 110 35

122 | G446 127 | 2119 21,3 12,8 | 477 B4 110 40

610x 2291 | 4 60221 127 | 2276 | 148 106 | 547 7.3 120 [ 30

113 607,3| 12,7 22821 17,3 1,2 547 6 120 35

125 | 6118 12,7 2290 19,6 119 547 80 120 as

140 | 6170 127 230,1) 221 131 B47 a6 120 40

610 x 305 1) 149 | 609.6 16,5 | 3048 19.7 11,9 637 8.0 160 40

179 | 6175| 185 307.0| 236 14,1 537 9.1 160 45

238 | 633,0] 165 3115 a14 18,6 537 1,3 160 S0

686 X 254 2 125 | 6779 15,2 | 2530|. 16,2 11.7 615 7.9 135 i

140 | 6835 152 | 253.7| 190 124 618 8,2 135 40

152 | 687, 152 | 2845 210 13.2 615 8,6 135 40

170 | 6929 152 | 2658 | 237 14,5 615 93 135 45
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KANAALPROFIELE
. AFMETINGS EN EIENSKAPPE )
Groolre
Size __Q-._ h b t 1 Nu 'y I 2 O_ \qq b A
grade

mm kg/m | mm | mm [ mm | mm | omm | mm | me mm | o3 M2
BOX 451 864 | g0 45| & 8 8 4 12250466 | 94,57| 1,102
100X 6o 1086 | 100 50| 6 85 85 | 45 | 256 |64.3 | a467] 1,245
120 s51) 134 | 120 55| 7 9 9 45 275|821 | 9457| 1699
140X gn ) 16,0 | 140 6o 7 10 10 5 30,0 | 97,9 | 94,57 2,037
i6ox @51 18,8 | 160 65] 75| s 105 | 55 325 | 116 | 94,57 2,401
180X 7101 220 | 180 70{ 8 n " 55 |350( 133 | 9457| 2,797
200x 751 253 | 200 5185 w5 | 115 |6 |ars| s 94,57 3,218
220%x sal 294 | 220 80| 9 125 | 125 | 65 |40,0| 167 | 94,57| 3,744
240 x 851 33,2 | 240 85( 95| 13 13 65 | 425 185 | 94,57 4,231
®0X 901 37,9 | 260 90|10 14 14 ? 450] 201 | 94,57 | 4828
280 X. 95 1) 41,8 | 280 95|10 15 15 75 | 475|216 | 94,57 5,342
300 X 100 1 46,2 | 300 | 10010 16 16 8 |50,0f 232 |9a57| 5878
1380 %1022 63,11 380 | 102|135 16 16 8 14431313 | 9285 8,041
400 X 110 2 TIE| 400 | 10|14 18 18 9 1480|325 | 9286 9,152
76 % 382 5701 762 (381| 51| 68| 76|24 |165 457 | 95 0,853
127 % ga 2 14.9 1 1270 | 635| 4| 92| 107 24 | 285|841 | 95 1,808
152X 762 1791 1524 1 76.2| 64| 90| 12,2 | 24 34,9 106 | 95 2,282
178X 542 45| 1778 | 540| 58| B3 83 | 3,2 (241 144 | u2 1,856
381 X 102 2 55,1 | 3810 11016104 | 163 | 152 | 48 456 312 | 95 7.018
LU

L

2) o_.u.am 51

CHANNELS
X -
DIMENSIONS AND PROPERTIES
om as/about axis X am asfabour axis ¥y
- . h”
ay ! = i Vs Z i rwf.
2

mm 106 md | 106,43 mm 106 md | 106 3 mm 109 né

145 1,059 26,48 31,0 01936 | 6,351 133 21,25 10,0
155 2,053 41,07 38,1 02915 | Ba450 .| 147 27,87 11,8
16,0 3,643 60,72 463 04306 | 11,06 15,9 40,94 13,3
17.5 6,048 86,40 54,5 06249 | 14,72 175 56,46 14,0
184 9,247 1156 62,1 08505 | 18,25 18.8 73,45 15,2
19,2 13,54 150,4 ‘69,6 1,136 | 2238 20,1 94,06 16,4
20,1 19,11 i 191 771 1,478 | 26,94 214 1188 17.4
214 26,91 24456 848 1,959 33,45 229 159,7 176
22,3 35,99 2999 922 2474 | 39,50 242 186,0 186
236 48,24 arna 100,0 3.173 | 47,84 25,6 254.6 18,6
25,3 62,76 448,3 108,4 3982 | 57,15 27,3 310,2 18,7
270 80.28 535,2 1169 44911 G7.56 29,0 376,56 188
238 15,6 8292 140,0 6,153 78,74 27,7 609,5 23,7
26,8 203,5 1018 149,) 851 | 1023 30,6 819,0 222
11,9 0,737 19,38 29,4 0,1060 | 4,064 11,2 12,40 1.2
156 4,845 76,31 60,5 0,6845 | 15,42 19,0 49,03 138
22,0 8,445 11,1 60,9 1,128 20,92 223 59,39 16,9
136 B.637 96,60 68,1 04308 | 10,67 15,2 34,40 215
253 149,1 782,8 145,7 5849 76,24 289 4584 234
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