
A Generator Is Rated 100 MW, 13.8 KV
And 90% Power Factor. The Effective
Resistance Is 1.5 Times The

Understanding the Generator's Ratings and Basic
Parameters

Introduction to the Generator Ratings
A Generator Is Rated 100 MW, 13.8 KV And 90% Power Factor. The Effective
Resistance Is 1.5 Times The...

This statement provides a snapshot of the generator's key specifications, but
to fully grasp its operation and performance, it's essential to delve into
what these ratings imply. The generator's capacity is 100 megawatts (MW),
which indicates the maximum power it can produce under rated conditions. Its
voltage rating of 13.8 kilovolts (kV) denotes the line-to-line voltage at its
terminals when operating at rated load. The power factor of 90%, or 0.9
lagging, reflects the phase difference between the voltage and current
waveforms, influencing the real power delivered.

Understanding these parameters is crucial for engineers and operators to
ensure proper integration into power systems, optimize efficiency, and
maintain reliability.

Fundamentals of Power Ratings and Power Factor

Active Power, Reactive Power, and Apparent Power

Active Power (P): The real power consumed by loads, measured in watts
(W). For this generator, P = 100 MW.

Reactive Power (Q): Power that oscillates between source and load,
measured in vars (volt-ampere reactive). It is associated with inductive
or capacitive loads.

Apparent Power (S): The vector sum of active and reactive power,
measured in volt-amperes (VA). It is given by S = V × I.



Given the power factor (pf) of 0.9, the apparent power (S) relates to active
power as:
\[
S = \frac{P}{pf} = \frac{100 \text{ MW}}{0.9} \approx 111.11 \text{ MVA}
\]

This indicates that while the generator supplies 100 MW of real power, it
also handles reactive power, making the apparent power approximately 111.11
MVA.

Determining the Current at Rated Conditions
Using the rated voltage and apparent power, the line current (I) can be
calculated:
\[
I = \frac{S}{\sqrt{3} \times V}
\]
where V is the line-to-line voltage (13.8 kV):
\[
I = \frac{111.11 \times 10^6}{\sqrt{3} \times 13.8 \times 10^3} \approx 4,668
\text{ A}
\]

This high current underscores the importance of appropriate conductor sizing
and system protection.

Analyzing the Effective Resistance and Its
Implications

Understanding Effective Resistance
The statement mentions that "The effective resistance is 1.5 times the..."
but leaves the comparison point open. Typically, in generator analysis, the
effective resistance (R_eff) refers to the total equivalent resistance seen
from the generator terminals, including the armature resistance, leakage
reactance, and other losses.

Assuming, for this discussion, that the effective resistance is 1.5 times the
stator or rotor's actual resistance, or perhaps 1.5 times the resistance
associated with some baseline parameter, it's crucial to understand what this
entails.

Calculating the Resistance
Suppose the stator's resistance (R_s) is known or can be estimated. Then the



effective resistance (R_eff) is:
\[
R_{eff} = 1.5 \times R_s
\]

This increased resistance impacts the voltage regulation, efficiency, and
overall performance of the generator.

For example, if R_s is 0.1 Ω per phase, then:
\[
R_{eff} = 1.5 \times 0.1 \text{ Ω} = 0.15 \text{ Ω}
\]

The significance of this resistance becomes evident when calculating power
losses and voltage drops.

Power Losses and Efficiency Considerations

Resistive Losses in the Generator
Resistive (I²R) losses are a key factor affecting generator efficiency:
\[
P_{loss} = 3 \times I_{phase}^2 \times R_{eff}
\]
where \(I_{phase}\) is the phase current.

Given the phase current:
\[
I_{phase} = \frac{I_{line}}{\sqrt{3}} \approx \frac{4,668}{\sqrt{3}} \approx
2,698 \text{ A}
\]

And assuming \(R_{eff} = 0.15 \text{ Ω}\):
\[
P_{loss} = 3 \times (2,698)^2 \times 0.15 \approx 3 \times 7.27 \times 10^6
\times 0.15 \approx 3.27 \text{ MW}
\]

This substantial loss underscores the importance of minimizing resistance and
managing heat dissipation.

Impact on Voltage Regulation and Power Factor
The effective resistance influences the voltage regulation of the generator:
\[
\text{Voltage Drop} = I_{line} \times R_{eff}
\]



At rated load:
\[
V_{drop} = 4,668 \text{ A} \times 0.15 \text{ Ω} \approx 700 \text{ V}
\]

Expressed as a percentage of the rated voltage:
\[
\frac{700}{13,800} \times 100 \approx 5.07\%
\]

A voltage regulation of around 5% is acceptable in many power systems, but
excessive resistance could deteriorate voltage stability, especially under
varying load conditions.

Implications of Resistance on Generator Design
and Operation

Design Considerations
When designing large generators, engineers aim to:

Minimize resistive losses by selecting appropriate conductor materials
and cross-sectional areas.

Optimize winding configurations to reduce leakage reactance and
effective resistance.

Ensure cooling systems are adequate to handle heat generated by
resistive losses.

In this context, knowing that the effective resistance is 1.5 times a
baseline value helps in selecting the right materials and designing cooling
systems.

Operational Considerations
Operators must monitor:

Voltage regulation to ensure consistent power quality.1.

Temperature rise due to resistive losses.2.

Efficiency, which is impacted by resistive and core losses.3.



Regular testing and maintenance can help in identifying increases in
resistance that may indicate insulation degradation or winding issues.

Power System Integration and Load Management

Matching Generator Capacity with Load Demands
The generator's rated capacity of 100 MW and apparent power of approximately
111.11 MVA make it suitable for large-scale power plants or industrial
complexes. Proper matching of load and generator ratings ensures:

Stable voltage and frequency.

Efficient operation with minimal losses.

Reduced risk of overloads or system failures.

Role of Power Factor Correction
Since the generator operates at a 0.9 power factor, reactive power
compensation might be necessary to:

Improve voltage stability.

Reduce reactive power flow in transmission lines.

Enhance overall system efficiency.

Capacitors or synchronous condensers can be employed for correction.

Conclusion and Final Remarks
Understanding the rated specifications of a generator, especially the
implications of effective resistance, is fundamental for ensuring optimal
performance, efficiency, and system stability. The given ratings—100 MW, 13.8
kV, and 90% power factor—set the foundation for detailed analysis, including
calculations of current, losses, and voltage regulation. Recognizing that the
effective resistance is 1.5 times a baseline guide helps in designing
appropriate cooling, materials, and operational strategies to sustain long-
term reliability. Proper management and continuous monitoring of these
parameters are essential for integrating large generators into power systems
effectively.



Frequently Asked Questions

What does it mean for a generator to be rated 100
MW, 13.8 kV with a 90% power factor?
It indicates that the generator's maximum active power output is 100
megawatts, it operates at a line-to-line voltage of 13.8 kilovolts, and it
supplies power with a power factor of 0.9, meaning 90% of the apparent power
is active power.

How is the apparent power (S) calculated for this
generator?
Using the formula S = P / power factor, the apparent power is 100 MW / 0.9 ≈
111.11 MVA.

What is the significance of the effective resistance
being 1.5 times a certain value?
It relates to the internal resistance of the generator's equivalent circuit,
indicating the resistive losses are 1.5 times a reference resistance, often
the armature or load resistance, affecting efficiency and voltage regulation.

How do you determine the stator current for this
generator?
The stator current I = S / (√3 × V) = 111.11 MVA / (√3 × 13.8 kV) ≈ 4.66 kA.

What is the impact of the 90% power factor on the
generator's operation?
A 90% power factor means the generator supplies mostly active power with some
reactive component, influencing the current magnitude and the reactive power
management in the system.

How do you calculate the reactive power (Q) supplied
by the generator?
Reactive power Q = S × sin(θ), where θ = arccos(power factor). Here, θ ≈
25.84°, so Q ≈ 111.11 MVA × sin(25.84°) ≈ 49.1 MVAR.

What is the effect of increasing the effective
resistance on the generator's efficiency?
Increasing the effective resistance leads to higher I²R losses, reducing



overall efficiency and possibly causing voltage drops under load conditions.

How does the specified effective resistance relate
to the generator's internal parameters?
It represents the combined resistance in the generator's equivalent circuit,
including armature and leakage resistances, which affect voltage regulation,
efficiency, and heat dissipation.

Additional Resources
Generator Rating Analysis: 100 MW, 13.8 kV, 90% Power Factor, and Effective
Resistance Considerations

In the world of power generation, understanding the specifications and
characteristics of large-scale generators is essential for engineers,
operators, and project planners alike. Today, we delve into a high-capacity
generator rated at 100 MW, with a rated voltage of 13.8 kV, operating at a
power factor of 90%, and featuring an effective resistance that is 1.5 times
a fundamental reference. This comprehensive review aims to clarify what these
parameters mean, their implications for performance, and how they influence
the overall operation of such a generator.

---

Understanding the Basic Specifications

Power Rating: 100 MW

The 100 MW (megawatt) rating signifies the maximum continuous electrical
power output that the generator is engineered to deliver under specified
conditions. This rating is crucial for system design, ensuring that the
generator can meet the demand of the load without overloading or overheating.

- Implication for Grid Integration: A 100 MW generator often forms part of a
larger power system or is used in industrial applications requiring
substantial energy input.
- Operational Considerations: Maintaining consistent output at this level
demands robust cooling, precise control systems, and reliable maintenance
protocols.



Rated Voltage: 13.8 kV

The generator’s rated voltage of 13.8 kV indicates the nominal line-to-line
voltage at which it is designed to operate optimally.

- Significance:
- Facilitates efficient transmission over power lines, minimizing losses.
- Aligns with common medium-voltage distribution standards.
- Design Aspects:
- The generator windings are designed to withstand this voltage without
insulation breakdown.
- Transformer systems are often used to step up or step down voltage
depending on grid requirements.

Power Factor: 90% (or 0.9)

Power factor (PF) reflects the efficiency with which
the generator converts electrical power into useful
work, expressed as a decimal or percentage.

- Understanding Power Factor:
- At 0.9 PF, the generator supplies 90% of the
apparent power as real power.
- The remaining 10% is reactive power, which doesn't
perform useful work but sustains magnetic fields in
the system.
- Operational Impact:
- A high power factor like 0.9 indicates efficient
operation, reducing losses and improving voltage
stability.
- Power factor correction devices may be employed to
optimize performance further.

---

Electrical Parameters and Their



Interrelationships

Apparent Power, Real Power, and Reactive Power

Electrical power in AC systems is characterized by
three components:

- Real Power (P): The actual work done, measured in
watts (W) or megawatts (MW). In this case, 100 MW.
- Reactive Power (Q): Power stored and released by
reactive elements like inductors and capacitors,
measured in volt-amps reactive (VAR).
- Apparent Power (S): The vector sum of real and
reactive power, measured in volt-amps (VA).
Calculated as:

\[
S = \frac{P}{\text{Power Factor}} = \frac{100\,
\text{MW}}{0.9} \approx 111.11\, \text{MVA}
\]

This indicates the total amount of power the
generator supplies, considering both real and
reactive components.

Current Calculations at Rated Conditions

Using the apparent power and rated voltage, we can



determine the line current:

\[
I = \frac{S}{\sqrt{3} \times V}
\]

where:

- \( S = 111.11\, \text{MVA} \)
- \( V = 13.8\, \text{kV} \)

Calculating:

\[
I = \frac{111.11 \times 10^6}{\sqrt{3} \times 13.8
\times 10^3} \approx \frac{111.11 \times
10^6}{23,921} \approx 4649\, \text{A}
\]

This high current emphasizes the importance of
robust conductor design and cooling systems.

---

Effective Resistance and Its Significance

Defining Effective Resistance

Effective resistance in a generator's equivalent



circuit is a measure of the total resistive losses
that convert electrical energy into heat. It
encompasses:

- Winding Resistance: Resistance of the armature and
field windings.
- Leakage and Eddy Current Losses: Additional
resistive components due to magnetic flux leakage
and induced currents.
- Other Losses: Including contact and brush
resistance, if applicable.

In this specific context, the effective resistance
is 1.5 times the — although the original phrase
appears incomplete, it’s logical to interpret it as
"1.5 times the armature resistance" or a reference
resistance value.

Implications of a Higher Effective Resistance

Having an effective resistance that is 1.5 times a
baseline value suggests:

- Increased Losses: Higher resistive losses lead to
more heat generation within the generator.
- Impact on Efficiency: While the generator operates
at high efficiency (likely above 90% given the power
factor), the increased resistance slightly reduces
overall efficiency.
- Thermal Management: Requires enhanced cooling
systems to dissipate extra heat and prevent damage.



Calculating Resistance and Power Losses

Assuming the effective resistance \( R_{eff} \) is
known, the power loss \( P_{loss} \) due to
resistance is:

\[
P_{loss} = I^2 R_{eff}
\]

If, for example, the baseline armature resistance \(
R_{arm} \) is 0.05 Ω, then:

\[
R_{eff} = 1.5 \times 0.05\, \Omega = 0.075\, \Omega
\]

Calculating losses:

\[
P_{loss} = (4649\, \text{A})^2 \times 0.075\, \Omega
\approx 1.62 \times 10^6\, \text{W} = 1.62\,
\text{MW}
\]

This loss is a significant portion of the overall
power output, underscoring the importance of
minimizing resistance for optimal efficiency.

---



Design and Operational Considerations

Generator Design Factors

When designing or evaluating a generator with these
specifications, several key factors are considered:

- Material Selection: High-conductivity conductors
(like copper or aluminum) to reduce resistance.
- Winding Configuration: Optimized to balance
magnetic flux, minimize leakage, and reduce
resistance.
- Cooling Systems: Water or hydrogen cooling to
manage heat generated by resistive and core losses.
- Protection Devices: Circuit breakers, relays, and
sensors to prevent overheating, overcurrent, and
faults.

Operational Strategies

To operate efficiently and reliably, operators
should:

- Monitor Power Factor: Maintain it close to rated
(0.9) and employ correction devices if necessary.
- Manage Heat Dissipation: Regularly inspect cooling
systems and conduct thermal analysis.
- Control Voltage and Frequency: Use AVR (Automatic



Voltage Regulation) and governor systems to ensure
stable operation.
- Assess Resistance and Losses: Periodic testing to
measure actual resistance, detect degradation, and
plan maintenance.

Impacts on Grid Integration and Load Management

- Voltage Regulation: Resistance and reactive
components influence voltage stability.
- Reactive Power Compensation: Managing reactive
power is critical for maintaining power factor and
minimizing losses.
- Load Transferability: The generator’s design must
accommodate varying loads without excessive heating
or efficiency loss.

---

Conclusion: Balancing Performance and
Reliability

This in-depth analysis of a 100 MW, 13.8 kV
generator operating at 90% power factor and with an
effective resistance 1.5 times some baseline
underscores the intricate balance between capacity,
efficiency, and operational reliability. The high
apparent power, significant current, and resistive
losses demand meticulous design, rigorous



maintenance, and vigilant operational control.

While the high effective resistance introduces
additional heat and potential efficiency challenges,
these can be managed through advanced materials,
cooling techniques, and strategic load management.
Ultimately, such generators are feats of
engineering, capable of powering large industrial
complexes or feeding substantial portions of the
grid with stable, reliable electricity.

For engineers and operators, understanding these
parameters not only aids in optimizing performance
but also ensures longevity and safety of the
equipment. In the evolving landscape of power
generation, such detailed insights are invaluable
for making informed decisions and fostering
innovations that push the boundaries of efficiency
and reliability.
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