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Abstract

The management of power systems is complex due to the many variables involved in active power,
reactive power, current, voltage, etc. Manually tuning these parameters and running power flow
simulations in real time is challenging and requires human involvement increasing the risk of error.
Therefore, in order to improve the management level of the power system, it is necessary to analyze
the relationship between the parameters in the power system process and formulate effective control
methods.
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1. Introduction

A power system contains many variables, like
active power, reactive power, current, voltage,
etc. It is challenging to adjust these parameters
manually and run power flow simulation in real
time. In addition, when people are involved, it is
easy to make mistake. To solve this, the report is
mainly focus on to analyse the relationship of
each parameter in power system flow, and the
way to control these parameters.

2. Results and Discussion for Power Flow
Analysis

In this section, bus 1 is modelled as a PV bus, so
the voltage magnitude of bus 1 or synchronous
generator 1 is set to 1.02 p.u., and the active
power is set manually. Bus 2 is modelled as a PQ
bus and the bus 3 is slack bus. The voltage
magnitude of bus 3 is set to 1 p.u. and angle of
bus 3 is set to 0°.

2.1 A.1.3

Considering bus 1 is sending end and bus 3 is
receiving end. Because the voltage magnitude of
bus 1 and bus 3 and the angle of bus 3 are fixed,
by increasing the active power (or system
loading) of bus 1 from 3 p.u. to 6 p.u. (or from
40% to 100%), the angle of bus 1 is also increased
from –3.6756° to –27.7436°. Equation (1) can
show the relationship between active power and
phase angle difference. In this power system,
voltage magnitude of sending end (VS),
receiving end (VR), angle of receiving end (θR)
and impedance from sending end to receiving
end (XSR) is unchanged. If active power increases,
the phase angle difference also increases, which
means the angle of sending end increases.

(1)

Journal of Progress in Engineering
and Physical Science

ISSN 2709-4006
www.pioneerpublisher.com/jpeps
Volume 2 Number 2 June 2023



Journal of Progress in Engineering and Physical Science

49

Figure 1. System Loading vs. Angle Difference

Figure 1 shows the relationship between system
load and angle difference between sending end
and receiving end. When the system load
increases, the angle difference also increases,
which prove that the active power is mainly
affected by phase angle difference.

Considering bus 1 is sending end and bus 2 is
receiving end. It is obvious that when reactive
power (or system loading) of bus 1 increases
from 1.0932 p.u. to 3.7182 p.u. (or from 40% to
100%), the voltage magnitude of bus 2 decreases,
from 1.0028 p.u. to 0.9545 p.u.. The relationship
between reactive power and voltage magnitude
difference can be described by equation (2).
Voltage magnitude of sending end (VS) and
impedance from sending end to receiving end
(XSR) is unchanged. The voltage magnitude of
receiving end must be decreased when reactive
power of sending end increases.

(2)

Figure 2. Reactive Power of Bus 1 vs. Voltage
Magnitude Difference

Figure 2 illustrates the relationship between
reactive power of bus 1 and voltage magnitude
difference between sending end and receiving
end. The voltage magnitude difference will
increase if reactive power of bus 1 increases,
which prove that the reactive power is affected
by the voltage magnitude difference.

The power factor in A.1.1 and A.1.2 is 0.95
lagging and 0.92 lagging, respectively. By
analysing the equation (3) and (4), it is
noticeable that if apparent power is unchanged
and power factor increases, active power will
increase and reactive power will decrease. In
this power system, the active power is set
manually, so the power factor only affects
reactive power.

(3)

(4)

Figure 3. Reactive Power vs. System Loading
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Figure 3 shows the reactive power of different
buses with different power factor. For bus 1, the
reactive power with 0.95 power factor is always
smaller the reactive power with 0.92 power

factor. Same pattern occurs in bus 3, the reactive
power with 0.92 power factor is always greater
than reactive power with 0.95 power factor.

2.2 A.2.1

Table 1. System Voltage Magnitude and Angles for Non-synchronous Generation

2.3 A.2.2

From Table 1, when the wind value is 4.3 GW,
the voltage magnitude of bus 2 almost reach the
statutory limits, which equals to 0.9502 p.u.. The
statutory limits of the network will be exceeded,
if the wind value is greater than 4.3 GW.

It is noticeable that the phase angle increases as
the wind value increases. The equation (3) and
equation (4) show that when the phase angle
increases, reactive power also increases. In order
to transmit more reactive power, larger voltage
magnitude difference between sending end and
receiving end is required, which is already
shown in equation (2). When the voltage
magnitude of receiving end is lower than the
statutory limits of network, the system may
unstable.

2.4 A.2.3

Table 1 shows that the active power of wind
generator is increased by 0.5 GW each time
before 4 GW. After 4 GW, the value is increased

by 0.1 GW each time until it reaches the
statutory limits of the network.

As mentioned earlier, reactive power is affected
by the voltage magnitude difference. For
equation (5), the power factor is always less or
equal to 1, so if the active power increases, the
reactive power will also be increased. Form
equation (2), the voltage magnitude difference
also will be increased.

(5)

Before the wind power reaches 1.5 GW, both
reactive power and voltage difference drop
slightly. After 1.5 GW, both two values increase
exponentially (transporting large reactive power
requires large voltage drops). Figure 4 shows
this pattern, and the wind power can only
increase around to 4.3 GW, because beyond this
point the voltage magnitude of bus 2 will exceed
the statutory limits.
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Figure 4.Wind Power vs. Reactive Power of Generator 1 & Voltage Magnitude Difference

Figure 5.Wind Power vs. Phase Angle

For the active power, which is also mentioned
earlier, it is mainly affected by phase angle
difference. Figure 5 illustrates phase angle of bus
1 and bus 2. When the wind power increases,
the phase angle of two buses increases
proportionally and the difference between two
phase angles increases slightly.

3. Results and Discussion for Power System
Control

3.1 B.1.2

As conventional fossil fuel based synchronous

generators are replaced by renewable energy
sources (like wind turbines which are often
non-synchronous generators), the inertia of the
power system is expected to decrease. A power
system has been designed to simulate the effects
of reduced system inertia. There are two areas in
this power system, by gradually reducing the
angular momentum (M1) and capacity of area 1,
the inertia can be reduced. Nadir and settling
frequency will be recorded if the frequency
response of the system can be stabled within 30
seconds. All recorded data are shown in Figure 6.
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Figure 6.Angular Momentum (Area 1) vs. Frequency

According to Figure 6, the lowest angular
momentum in area 1 that allows the system to
reach a stable frequency equilibrium after 30

seconds is 4 p.u., and the nadir and settling
frequency is 48.2885 Hz and 49.6419 Hz,
respectively.

Figure 7. Two Interconnected Areas (D. M. Ceseña, n.d.)

Figure 7 shows the connection between area 1
and area 2, because the structure of two areas is
identical, only area 1 (upper part) will be
discussed. By analyzing the connection of each
part, the relationship between Δω and other part
can be expressed by equation (5). In equation (6),
ΔРL1(s) is non-frequency dependent load change,
which is 0.3 p.u. in this system.

is a part of the prime mover model,

which can increase the mechanical power, and

the CH1(0.5 p.u.) stands for the charging time.

The is the feedback droop control,

which can allow the machine respond to change
in frequency and vary its power output to
stabilize the system automatically. R1 is 10%

and , where KG1= 100 p.u.. D is

the damping term, which is equal to 0.6 p.u. in
area 1. M1s is the angular momentum, and this
value is controlled manually.



Journal of Progress in Engineering and Physical Science

53

(6)

If the numerator and denominator are divided

by , equation (7) will be produced. It is

noticeable that when M1s become smaller, the
Δω(s) will increase, which means if the angular
momentum is small, the system frequency will
be more difficult to stabilize. Figure 6 also shows
the same result. As the angular momentum
decrease, the nadir frequency becomes lower,

which means Δω is larger.

(7)

For the steady state, Δω can be describe as
equation (8), which is equals to

Therefore, the steady state

of this power system is 50—0.0283 = 49.9717 Hz,
which close to the steady state frequency shown
in Figure 6.

(8)

3.2 B.2.2

Assuming a power system has three areas, and
they are connected by tie-line. The demand of
area 3 is suddenly greater than generation by
300 MW. The primary control will start in 2

seconds and fully deployed by 10 seconds. In
this stage, both area 1 and area 2 are delivered
power to area 3. The frequency drop caused by
contingency is —0.004 p.u.. Therefore, the power
contribution of the generators in this power
system can be calculated.

However, the total power contribution of the
generators is 0.08 + 0.16 = 0.24 p.u., which is not
enough. In this case, the load in area 1 and area
2 are also injected power into the power system,
which can be calculated as following:

So, the total power contribution from area 1 and
area 2 equals to 0.08+0.16—(—0.02)—(—0.04) =
0.3 p.u., which is enough to solve the
contingency.

The Δω can be also calculated by using equation
(9), which is also equal to —0.004 p.u.. The
relationship between Δω and damping constants

(D1 and D2) can also be expressed by equation
(9). As the damping constants increase, Δω
becomes small.

(9)

3.3 B.3.2

It is possible to manage the voltage across the
grid by injecting reactive power at specific
locations, for example, using generator,
synchronous condensers, capacitor banks, etc.
To explore the effect if reactive power injection
on voltage, the synchronous condenser connects
to Bus 3 (shown in Figure 8). By changing the
output of the synchronous condenser, the result
can be found.
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Figure 8. Simplified GB System with Added Synchronous Condenser (D. M. Ceseña, n.d.)

Figure 9. Synchronous Condenser vs. Voltage Magnitude

The reactive power is influenced by the voltage
magnitude difference. When the reactive power
is injected into the power system from bus 3,
apparently, the voltage magnitude will be
changed. As the reactive power becomes larger,
the voltage magnitude becomes also larger.
However, because the synchronous condenser
connects to bus 3, the voltage magnitude

changes more rapidly in bus 3, which is shown
in Figure 9. It is noticeable that when the
synchronous condenser increases to —100MVAr,
the voltage different between bus 2 and bus 3 is
minimized (0.0004 p.u.), which means the line 2
and 3 has minimum voltage drop. After this
point, the voltage magnitude difference becomes
larger as the reactive power increases.

Figure 10. Synchronous Condenser vs. Reactive Power Flow
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The original reactive power in the power system
can be cancelled with the reactive power which
is injected by the synchronous condenser. As the
synchronous condenser injects more reactive

power to the power system, the reactive power
in the power system is smaller, which is shown
in Figure 10.

Figure 11. Synchronous Condenser vs. Active Power Flow

Figure 11 shows that as the reactive power
increases, the active power does not change,
which means the active will not be affected by
reactive power.

4. Conclusion

By analysing the equivalent model of the GB
power system, the relationship of parameters
in the formula which are covered in the lecture
can be proved. In part A, power flow of the
steady state behaviour of the GB power system
model will be discussed. For part B, the
frequency stability of the system will be
analysed, and discuss the way to control the
power system.
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Appendix

A.1.3

A.2.1, A.2.2, A.2.3

B.1.2
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B.2.2

B.3.2

A.1.1

A.1.2



Journal of Progress in Engineering and Physical Science

58

B.1.1

B.2.1

B.3.1


