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Model Answers (Dr. B. Pal)

4 Solution

(a) (Bookwork) The minimum load or output limitation of a thermal unit
is influenced by the steam generator (boiler) and the regenerative cycle
rather than the turbine and synchronous generator operation constraints.
The stability of the fuel combustion process can not be maintained at
less than 30 % of unit output. For example most supercritical units
cannot operate below 30 % of design capability as a minimum flow of
30 % is required to cool the tubes in the furnace of the steam generator
adequately. [4marks]

(b) (New computed example)When both of the units are in operation,
the condition of optimal operating cost is reached when incremental fuel
characteristic costs are equal. In the absence of transmission loss, the
total load equals total generation. i.e. at optimal point the following has

to satisfy.
dcy _ dCy (4.1)
dpP, ~ dp, '
Pload — Pl + P2 (42)
Now,
iy, +0.016P, $/MWhr (4.3)
dpP,
4 _g +0.018P, $/MWhr (4.4)
dPp,

Upon substitution of (4.3) and (4.4) into (4.1) and (4.2) and carrying out
necessary manipulation, the following final form is obtained

0.016 PP, — 0.018P, = —2.0 (4.5)
Pl + P2 - -Pload (46)
[5marks]

I use two values of loads one at at time.
For P,,,q = 1000 MW
the solution is

P, = 470.58 MW (4.7)
Py =529.42 MW (4.8)

It is seen there is no violation of limits. Hence they share a common
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incremental cost of generation.The results are

dc,

dCy
Ci = 6477 $/hr (4.11)
Cy = 6758 $/hr (4.12)
Cr =13235 $/hr (4.13)
[4marks]

(ii) For P,y = 1400 MW

the solution is
P, =682.36 MW (4.14)
Py =1717.64 MW (4.15)

It is seen that unit #1 is delivering power more than its minimum limit
which is not feasible. Hence it is set at 600 MW and the rest comes from
unit #2. With this constraint, the incremental costs( Z—g—f) and total cost

of operation Cp(C; + Cs) for this value of load is as follows
dC,

dc,
Ci =8880 $/hr (4.18)
C, = 12160 §$/hr (4.19)
Cr = 21040 $/hr (4.20)
[7marks]

9 solution

(a) (Bookwork)A significant components of industrial loads comprise of in-

duction motors. The speed at which these motor run depends on supply
frequency. At times it is desired to have constancy in drive speed in some
process industries. The supply frequency in these cases should be as con-
stant as possible.
In a power plant, reduction in frequency by 1 Hg, significantly affects the
performance of the system. The auxiliary loads comprise of large feed
pumps to maintain desired pressure of the steam circulating in boiler and
turbines. The drop in supply frequency to boiler feed pump motor will
cause drop in steam pressure and hence the power output of the genera-
tor.
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Low frequency would also result in high magnetisation or over fluxing
in transformers and motors. The consequence of this is larger magnetic
losses leading to increased temperature rise and shortening of life of these
costly components.

Constancy in frequency is very important for time keeping devices like
clocks and timers. [5marks]

(b) (New computed example)With reference to the figure in this question,
let me assume that the current consumed by the load P + jQ is 1/Z—¢.
The sending end voltage F can be expressed as

ELS=VL0+14—¢ x (R+jX) (5.1)
The simplification into real and Imaginary components produces

Ecosé + jEsind =V + I Rcos¢ + IXsing + j(IXcos¢ — I Rsing)

(5.2)
Ecosé =V + AV, (5.3)
Esiné = AV, (5.4)
This can alternatively be expressed [as in the question| as
E*=(V+AV,)? + (AVD) (5.5)
where,
AV, = IRcos¢ + I X sing (5.6)
AV, = IXcos¢ — IRsing (5.7)

Multiplying and dividing (5.6) and (5.7) by V, and substituting P =
Vicos¢ and Q = VIsing the following sequence of expression would

result
AV, = VIRcosng—‘!;VIXsm(b (5.8)
AV, = VIXCOSQS‘; VIRsing (5.9)
AV, = RP;VXQ (5.10)
AV, = XP;;R—P (5.11)
Hence the desired result is established. [9marks]

When X >> R, RP << X(Q and this approximation in (5.10) directly
leads to Q x AV,
AVq in (5.11) is substituted by Esind from (5.4). This leads to

XP RQ

FEsing = — - X 5.12
sin % T (5.12)
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[2marks]
For X >> R, sind o 6 when § is in the range 0 < ¢ < T and other quanti-
ties such as F, V and X remaining constant, (5.12) can be approximated
to P o 6. [4marks]

solution

(a) (Bookwork)The method of symmetrical components was introduced

around 100 years back to power system analysis. It is an analytical
method that resolves one balanced/unbalanced network into three bal-
anced system known as positive, negative and zero sequence. Hence it is
a very powerful analytical tool to compute voltage and current in different
sections of a network irrespective of the network condition. For balanced
situation, three sequence components, positive, negative and zero are in-
dependent. In unbalanced cases through fault they are connected at fault
points in a fashion influenced by the nature of fault. These sequence com-
ponents are balanced in themselves.

The unbalanced system is difficult to analyse through three-phase circuit
theory. The technique of symmetrical components on the other hand
is very handy in calculating fault current especially for faults those are
unsymmetrical in nature. [5marks]

(b) (New computed example)

(1)Given the line-to-ground voltages Vag = 280£0°, V}, = 2504 —110° and
Veg = 290£130° volts, the line-to-line voltages are

Voo = Vg — Vi =28020° — 2502 — 110°
= 434.49/32.73° Volts (6.1)

Vie = Vig — Vg = 2504 — 110° — 290/130°
468.082 — 77.55° Volts (6.2)

Veo = Vig— Vig =290£130° — 28020°
516.612154.53° Volts (6.3)

[3marks]
(ii)The phase and sequence components are related through transforma-
tion matrix T as V; = [T] * [V, where

R 1 1
T==1|1 1/120° 12240° (6.4)
1 1£240° 141200
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Note V4. can be either line to ground voltage or line to line voltage. The
Sequence components would result accordingly. Hence,

1 1 1 280£0°

1
Vit | == | 1 141200 1./240° 2504 — 110°
Vi | %[ 1 122400 121200 | | v, = 2001300
5.034 — 57.65°
= | 27240£+40659° | Voits (6.5)
Vg = 27.82/ — 76.05°
[5marks]
(iii) Similarly for Line to Line sequence voltage:
Viro 1 1 1 1 434.49,32.73°
Vier | == | 1 141200 1./240° 468.084 — 77.55°
Vira 3 1 1£240° 121200 516.61£154.53°
0£0.0°
= | 471.81£+36.58° | Voits (6.6)

48.184 — 106.05°

[5 marks]
From the results in in (6.5) and (6.6) the following can be written:

Vien  471.81£36.589°
Vigt  272.426.5890
Vi _ 48.186/ — 106.05°
Vigy ~ 27.82Z — 76.050

= 1.732£30° (6.7)

=1.732£ — 30° (6.8)

1.732 is very nearly /3. Hence verified. [2marks]



