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. SECTION A: ELECTRICAL MACHINES
D.C Machines

a) Give two conditions for a shunt generator to build up and produce electrical energy(1 mark)

b) Explain and prove using formulac why a d.c series motor must not operate at No-Load (2 marks)
c) A 60KW, long shunt, compound-wound generator delivers its rated current of 150A at its rated voltage.

(i) Draw and label a circuit diagram of this machine and calculate (2 marks)
(ii) Calculate:-
a) the rated voltage of the generator (1 mark)
b) the resistance of the generated load (1 mark)

(iii) If the resistance of the series field, shunt field and armature are 0.075, 220 and 0.15$, respectively,

calculate the current in the shunt and series field (1 mark)
(iv) Calculate:- .

a) the voltage across the armature (1 mark)
b) the generated e.m.f, ; (1 mark)

A single phase 15kVA, 2300/230V transformer has Ri=3.1Q, X, =9.20Q, R, = 0.029Q2 and
X, =0.088%. At no load it draws a current of 0.18A at a power factor of 0.3 lagging.
a)  Draw the equivalent diagram of the transformer referred to the primary (2 marks)
b) Draw the equivalent diagram of the transformer referred to the secondary (2 marks)
c) Calculate the equivalent reactance (Xeq), equivalent resistance (Req) and the fictive elements
(resistance Rc and magnetising reactance X.n) all referred to both primary and secondary (2 marks)
d) If the transformer supplies a full load current at a power factor of 0.8 leading, calculate:
i. The voltage across the load . (2 marks)
il.  The voltage regulation in percentage ‘ (2 marks)

A squirrel cage, 4 pole asynchronous motor carries the following indication on its name plate: 3-phase, 50Hz,
230/400V

The resistance of one stator winding is R = 0.7 Q. The motor is fed by a network of 400V between phases.
a) Determine : - ‘
i) The type of windings connection for normal operation? (0.5 mark)
ii) The synchronous speed? g (0.5 mark)
b) On no-load, the motor runs at a speed closed to synchronous speed, absorbs a current of 5.5A and a power of
845W. Determine :

i)° The stator copper loss on no-load : (Imark)
ii) The iron loss if mechanical losses are equal to S00W * (1mark)
¢) At full-load operation, the stator current is 16.5A, power factor cos¢ = 0.83 and rotor speed is 1400rev/min.
Calculate : ' '
i.. The stator copper loss on load 4 _ ~ (1mark)
ii. The absorbed power (1mark)
iii. The rotor input power (1 mark)
iv. The slip (1 mark)
v.  The rotor copper loss (1 mark)
vi. The useful power at the shaft (1 mark)
vii. The shaft torque (0.5 mark)
viii. The motor efficiency (0.5 mark)
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4. Automated Packing Process: Table 1 gives the activatio
Level 2 of the system not describe.
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SECTION B: CONTROL SYSTEMS

n, deactivation and output equations of a GRAFCET

Tablei: Inputs Addresses

Table3: Outputs Addresses

b) Use TSX-21 PLCof Telemechnique to program this system with the following Addre

a Table 1:  Activation and Deactivation Equations
o De- Output
St ALEvaon ctivation | A+ 1B+ | Cr | E+ | A- [ B- ] C- | E- [ KM1] X | T=Ssec
0 A9.¢g 1
1 A0.S,. a;. l?l. S,. S1. Co- €9 2 1
+A3.5,. 5,
2 Al.e; 3 1
3 A2.eq 1+4 1
4 A3.S;.S5.+A7.a1.51. ¢ 5 1 1
5 Ad.by. Xg 6 1
6 AS5. b;y. X3 7 1 1
7 AB.ag.t/6/55ec - 8+4 1 1
8 A7.a;. 51. 5 9 1
9 |A8.c 0 1
sses.

Tabled: Addresses of Stages

Inputs | Code/Address Output | Code/Address Stage | Code/Address

S 200 A 230 0 000
S 201 B* 231 1 001
S; 202 c’ 232 3, 002
Se 203 E 233 3 003
S, 204 KMI1 234 4 004
2 205 T 235 5 005
bo 206 A 236 6 006
€ 207 B 237 7 007
€ 210 K& 240 8 010
Xo 211 E 241 9 011
b, 213 =
C 2 14 Mo Ml
€ 215
X1 216 Al iy
t 217 .

! B+

| . El:l

Figure 1: Uncompleted Power circuit

Work required:
i) Establish the GRAFCET level two of this system

i) Draw its power circuit by completing figure 1

c)
(20 marks)

(20marks)
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5. The GRAFCET level two represented in figure two is that of a packaging unit in a soap factory.
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Figure 2: GRAFCET Level Il of the automated system
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Tables 5, 6 and 7 give the addresses inputs, addresses of stages and addresses of output respectively.

TableS: Inputs Addresses

Table6: Addresses of stages

Inputs | Code/Address
S 200
S, 201
S; 202
S, 203
Ss 204
ty 205
ty 206
Cp 207
C1 21 O
sm 211
T, 771
T 772
Tu 773

| Ty 774
T, 775

Wo “k required
Carrvout the programm

given on Tables 5, 6 and 7.

Stage | Code/Address
0 000
1 001
2 002
3 003
4 004
5 005
6 006
7 007
8 010
9 011

10 012
11 013
12 014
13 015
14 016
15 017

Table7: Addresses outputs

Output | Code/Address
H 230
C 231
C 232
T 233
T 234
KM1 235
KM2 236

ing of the automated system using TSX-21 PLC of Telemecaniqu

e using the addresses
(40 marks)
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6. An automatic system whose description and functioning are not given, is represented by the functional chart in figure
2.
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Figure 3
Work Required:

Draw the equivalent electro-magnetic sequencer of Figure 3 ! (40 marks)




