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SECTION A: ELECTRICAL MACHINES

1. A 4-pole separately excited de generator has 310 armature conductors and runs at 1200 rpm. The machine is

excited by a 220V d.c. source and the emf generated is 400V. The armature and field resistances are 0.5 and

- 200€Q2 respectively. The machine is used to supply a load of S0A. Calculate:

_a)  The flux per pole
b)  The terminal voltage
'!‘——‘“C‘)“’Thc power delivered to the load

(2 hmrks)

(2 marks)

(2marks)
d) " The excitation current (2marks)
e) The excitation power (Zmarks)
2. A single —phase transformer is supplied by a sinusoidal voltage whose effective value is /3= 2200V at a

frequency of 50Hz.

- Ao load test carried outon this transformer gave the following results:-
Vio= 2200V, I0=1A; Pig= S50W; Vyo =220V.

- A short circuit test gave the following results:

YIRS YT LOALP = 750W.

statTé ippd testgave e, (Rlloying results:-
Viny = 2200V, I,x= 100A, Cos 0, = 0.8 lagging.

a) Calculate the nodoad hovendaclor)
b) Calculate the equivalent resistance of the transformer referred to the secondary.
ZTOWENE THOY M) fl’)liLIlIJle(i vl1obio brg derlo
¢) Calculate the equivalent impedance referred to the secondary (Zeq) and the equivalent
219 HRBBCUNCCTTELOfoa 10 1o kedordary] 16112,
d) For a nominal load:-

i) Calculate the voltage drop at the secondary using KAPP approximation.

it) Construct the KAPP diagram.

i) Using the approximate formula, calculate the secondary voltage drop.

(1 mark)
(1mark)

(3marks)

(1 mark)

(1 mark)
(1 mark)

iv) Calculate the active power at the secondary and deduce the efficiency of the transformer. (2 marks)

3.

A 6 pole, 3-phase induction motor develops a power of 22
92kW 50 m 380V-50 : . N
vy ‘\.\“1‘4) kW dld spLLd ot 9 (rpm on 8 V-50Hz mains. The power factor is 0.88. C
i) (m e two comp nnmc dl“t rences between rul.llmL and nnn~rnt.mm_ machines
b) Calculate the
i) ship(s)
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J8KW, including mechanical losses which total

alculate for this load:

“(1mark)

) Ty
l[\
1\\)\)([ -






4 .
system permits to realise a mixture of the three products. The motor MP permits the emptying of the
mixed products.

B-1 Cycle of Functioning
" The cycle starts only if the weighing machine C is empty.
An action on the push button D, provokes simultancously the weighing and the releasing of the
products according to the following procedure:
* Weighing of the product A (action on a); then weighing of the product B (action on b); emptying of the
weighing machine C (action on ¢) in the mixer N.

* Arrival of two brick scparately (actioﬁ on d).

* Rotation of the mixer for 2 min (transition from star to delta takes 10scc).
* The motor MP rotates forward to empty the solution and is stopped by p, and then it returns and is

stopped by q. The cycle ends

NB: - The system has emergency stop S

-The sequence of mixing must be immediately after the previous sequences of weighing and arrival of
brick.

-The sequences of weighing of products and the arrival of the brick must be simultaneous

-A two-way selector switch (S3) permits to choose a l‘unctioning' cycle by cycle (C/C) or automatic cycle
(CA).

C- TECHNOLOGICAL SPECIFICATIONS

C1- Operative Part .
The installation is equipped with threesimple effect jacks A, B, C associated to distributors 3/2

controlled electrically and return by spring. The other actuators have the following characteristics

as
shown in table 1.

Table 1
Designation Characteristics Pre- actuators

Jack A Simple effect A
Jack B Simple effect B
Jack C Simple effect C

MT 3-phase squirrel cage induction motor 220/380V - KM1

direct online starting
MR 3-phase squirrel cage induction motor 220/380V: star- KA2; KM3; KA4
delta starting
MP 3-phase squirrel cage induction motor 220/380V:
direct online starting, forward and reverse KMS: KMé6
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C2- Control Part
The sensors a, b, ¢, d, and p are limit switches of Tele mechanic.

¥ Safety and protection _
The general protection of the installation is assured by a 4 -Poles fuse isolator. The motors are protected
by a thermal relay.
»  Supply
The supply is 3 x 380+ N+ T.
» Functional chart
The GRAFCET level 1 in figure 2 describes the functioning of the system.

Tum Over
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Unlock product A

-— End of weighing of A

12 |1 Uplock product B
-~ End of weighing of B
13 Emptying of the two

the mixer

—I— Mixer empty

14

Waiting

D- WORK REQUIRED

Figure 2: GRAFCET Level |

i) Establish the complete diagram of the power circuit of the installation, (20 marks)
i) From the GRAFCET level | given, establish the GRAFCET level 2 corresponding to the
functioning of the system (20marks)
00/7240/2
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5. Automated Packing Process: Table 2 gives the activation, (|CdCtIV'lthll and outpul equation of a GRAFCET

Level 2 of a system not describe,

~a)  Activation and Deactivation Equations

Table 2
Stage Activation De- Output
) activation A|B|(C|E |A-|B-|C-|E-| KM |X]| T=58
o+ + + + 1
0 Ag.CU 1
1 AQ.So. ap. b]- S;-'S.. Cp. €y + 2 1
{\3.S|. S.--
2 Al.g 3 1
3 Ale, . 1 +4 1
4 Al. S]. S,.- + A7, ay. S|. St- 5 1 1
5 Ad.by. x 6 1
6 A5, b]. Xy 7 1 1
Z AG.2,.t/6/5sec 8+4 1 1
8 Al.a,. S, §, 9 1
9 AS8.¢; 0 1

b TSX- 21 PLC of Telemecanique is used to program this system with the following Addresses of table 3.

Inputs Addresses Outputs Addresses Addresses of Stages

Inputs | Code/Address
So 200
S, 201
S 202
S. 203
S, 204
a, 205
by 206
cy 207
€ 210
Xy 211
a, 212 -
by 213
¢ 214
¢ 215
Xy 216
t 217

(@)

WORK REQUIRED

Output | Code/Address
A" 230
B~ 231
i 232
E’ _233

KMI 234
T 235
A 236
B 237
C 240
[ 241
X 242

(b)
Table 3

Program the system using TSX 21 respecting the Addresses of table 3

Stage | Code/Address
0 000
1 001
2 002
3 003
4 004
5 003
6 006
7 007
8 010
9 011
(©)
(40 marks)

00/724072
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6. The GRAFCET LEVEL TWO represented in figure 3 is that of a packing unit in a soap factory.
0
N t.¢y.S,.5,.5m
1 H t KAl
T T/1/35.82.83 =T T/1/35.82.83T ~
+ +
2 C 9 C
58 Cl —— Cl
- - -
3 & 10 T
4t N i
4 1/4/30s/KA2 T t/11/155/KA4
—— t4/4/30s —— t/11/15s
5 T i 12 T
—_ tl o t'
6 o 13 C+
—r— C|| —— Cn
7 t/7/30sec/KA3 14 t/14/15sec/KAS
t/7/308 t/14/15sce
8 sl s KM2
| o~ S.| —_ SS
Figure 3: GRAFCET level 1
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9
Tables 4, 5 and 6 give the addresses inputs, oulput and addresses of stages respectively.

Table 4: Inputs Addresses Table 5: Output Addresses Table 6: Addressesof stages
Inputs C"."("? Address Output Code/Address Stage | Code/Address

5 o H 230 0 000
S; 33 1 o 231 1 001
3 =5 c 232 2 002
S, 203 . 3. 003

» T 233
Ss 204 - 4 004

t 205 ) 234
0 5 005

306 KMI 235
i - kM2 T 6 006
. 201 N — 0 7 007
¢ ___ 210 8 010
sm 211 9 011
T, 771 10 012
T, 772 11 013
T, 773 12 014
Ty 774 13 015
T 775 14 016
15 017

WORK REQUIRED : . '
Wire the pneumatic sequencer from the GRAFCET of figure 3 : (40 marks)
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