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QUESTION: 1

a)  Acircuit consisting of a 10V dc battery in series with a 10 resistor and 1H inductor is shown together with switches
St and Sz both of which are initially open.
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The switches are then opened in the following sequence;

1. Att=0 switch S1 is closed and Sz left open until such time as current i(t) reaches steady state.

2. Assoon as i(t) reaches steady state in 1 above switch Sz is then also closed for a duration of 1 second.

3. After being closed for a duration of 1 second as described in 2 above switch Sz is then opened and the system
allowed to settle and reach steady-state.

For the switching sequence described in 1-3 above determine i(¢) fro each condition and neatly and accurately draw a
diagram for the time response for i (t) from t=0 until steady state is reached after 3 above.

[15 marks]

b) A separately excited dc machine has a constant field current and drives a mechanical load consisting of inertia and
friction and is subject to an external mechanical load applied to the shaft.

1. Draw a block diagram which represents the internal dynamic structure of the machine with the armature voltage V-
and mechanical load T, as inputs and the mechanical speed w, as output.

2. Use the block diagram derived in 1 above and perform a block diagram reduction to derive the block diagram
between the input mechanical torque 77, and the output mechanical speed w,..

3. For the system derived in 2 above determine the steady state error.

[10 marks]

[25 marks]
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QUESTION: 2
A separately excited dc motor has the following data;
Ro=06Q; L,=0012H; Ry =240Q; L;=120H

A load test was conducted during which it was found that the motor developed an electromagnetic torque of 45Nm at an
armature current of 50A and a field current of 0.5A. The combined inertia of the motor and its load is 1.2 kgm?rad-. The
mechanical load applied to the shaft is proportional to speed and defined as T, = 0.35w, where w, = rad/sec.

The motor is started with 3.4 resistance in series with the armature to limit the starting current. A constant dc voltage of
240V is first applied to the field, and once the field current has settled and reached steady state the same voltage is applied
to the armature circuit, including the 3.4Q resistor.

Derive and express in a closed form solution as a function of time;

1. Therise of field current.
2. The rise of armature current and speed when 240V after the field current has settled and reached steady state and
240V applied to the armature circuit.

TOTAL [25 marks]
QUESTION: 3
a) For the speed control system shown below, derive the following;
1. The systems natural frequency.
2. The damping factor (a) and damping ratio (£).
3. An expression for the speed regulation in terms of Er. [15 marks]

Assume a constant gain
of G

Error amplifier

b) If the motor has the following parameters
R, =1.7Q; L, =0.016H; K, =121 Nmper AorVperrs™'; | =034kgm %Kt = 0.1V /rpm,
Calculate the combined error amplifier and Thyristor bridge gain required fo a closed loop natural frequency of 85 rad/sec.
Comment on the loop damping.

{10 marks]

TOTAL [25 marks]
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QUESTION: 4

a)  Explain the benefits of the 2-axis theory for the simulation and analysis of electrical machines.

[5 marks]

b)  The 2-axis equations which describe a symmetric squirrel cage induction machine in the stationary frame of reference
are shown below. Derive the steady state equivalent circuit model clearly stating all assumption’s made.

Vas = Rylgs + Plas  — pOAgs
Vgs = Rylgs +  PAgs  + pOAys
0 =Ruigr + pPlar — p,BAqr
0 =Ralgr + PAgr + pfAsr

Ags Ly, Ly 0
Aar| |Lm Ly; O
Ags| | 0O 0 Ly Lip||ls
Aqr 0 0 Lin La2 iqr

Where

[15 marks]

c) For a balanced three phase set of voltages v, (t) = VSin(wt + a — 120); v, (t) = VSin(wt + a); v .(t) =
VSin(wt + a — 120); find Vyand V,

[5 marks]
Total [25 marks]

QUESTION: 5
a)  The d-axis equivalent circuit of the synchronous machine may be represented as:
Aa = Lnals + (Lmg + £3)if (1]
e = 15iy + (Lina + €a)Pif + LinaPia 2

In many problems the current in the field winding may be efiminated to yield a single operational impedance defined as
Aa = Xq(p)ids + G(ples

Show that by substituting for ir from [2] into [1] above that

(1+Tzp) (1+Tip)
Xa@) = (g + £2) 4y =1L :
«®) = na ) Ty T T L)
Lpa 1
Gp)=-—"24__—
P = A+ o)
Where
Lig + L 1 Lia + 1L 1 1
Tjo=—4 — T gnd Th=—{L; + 20— = | Ly + ———
s Ty Linalq Ui __1_._.+_1_
La L
md q
[15 marks]
0 w 0
by showtnat [Pg] * [Pg]™ 1 =|—w 0 O
0O 0 O
[5 marks]

Total [25 marks]
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Cos(8) Cos(68 —120) Cos(6 +120)

[Pe] =

3 1 1
2 2
Cos(0)

[Pg]™1 = |Cos(6 — 120)
Cos(6 + 120)

2|sin(6) Sin(6 —120) Sin(6 + 120)

1
2
Sin(6) 1
Sin(6 —120) 1
Sin(6 +120) 1

Laplace transform table

Time domain function Laplace transform

Function name

Constant

Linear

Power

Exponent

Sine

Cosine

Growing sine

Growing cosine

' Decaying sine

Decaying cosine

AGQ F(s) =L{f (D)}

1
1 _
s
1
! )
., n!
t S;l’?‘z
eat 1
§—qQ
' a
sin at ‘, .
5% 4+ a2
5
cos at ——
s2 4+ a?
. 2as
t sin at ) SR
(5= +a° )
oy L ]
5% — a-
1 COS at ; -
_at . T
in wt ) ) ‘
e s (5 +a)” +w?
s+ a
e cos wt ~ 5 ;
(s +a)” +w?
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Trigonometric Identities for Three Phase Power Systems

sin?0 + cos?60 =1
cos?0 — sin?0 = cos20

sinBcosO = %sinze

2 1+ cos20
c0s%0 = ———
2
.2 1 - cos20
sin‘d = ——
2
sin(0 + 120) = —>1sin® + gcose
cos(0 +120) = —%cos(-) + gsine

sin?(8 £120) = 1sin’0+ Scos?0 F % sindcoso

cos?(0 +120) = icosz(-) + %sinze + ?sin(—)cose

sindsin( + 120) = —1sin0 + sinbcose

cosBcos(0 + 120) = —%cosze F ?sinﬂcose

sinBcos(@ + 120) = — 2 sinBcosd T L sin?0
cos0sin(® + 120) = —-%sinecosﬂ + gcosze

sin(0 + 120)cos(0 ¥ 120) = sinBcosO F ?
sin(0 + 120)sin(6 — 120) = isinz(-) - %cosze
cos(8 + 120)cos(6 — 120) = i—cosze —~ %sinz(-)

sin(20 + 120) = — 2sin20 + = cos20

sin(@ + 120)cos(0 + 120) = —%sinecose F ?cosze +

sin@ + sin(0 — 120) +sin(0 +120) =0

cosO + cos(0 — 120) + cos(06 +120) =0

sin?@ + sin2(® — 120) + sin?(0 + 120) = %

c0s%0 + cos?(6 — 120) + cos*(0 + 120) = %

= + %cosze ¥?sin20

1 1cosZG iﬁsinZB
2 4 4

il

=1 + lcosZ() iﬁsinZO
4 4 4

il

—1 _ 1cos20 T 3sin2e
4 4 4

=78 _1in2e + L cos26
4 4 4

= iﬁ-lsinzeiﬁcosﬂ)
4 4 4

_ 1 V3

= EstGiT

= —1_lcos20
4 2
1 1

= _Z+ EcosZB

Binze = —lsin26$§c0520

4 4 4

sinBcosO + sin(0 — 120)cos(0 — 120) + sin(0 + 120)cos(0 + 120)) =0
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