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Lagging With The comprehensive understanding of this induction motor's specifications, operation,
and electrical characteristics is essential for electrical engineers, technicians, and power system
designers. This article provides an in-depth analysis of a 6-pole, 60 Hz induction motor configured in a
30-star (Y) connection, emphasizing its current draw, power factor, and performance considerations.
Such knowledge aids in optimizing motor selection, ensuring efficient operation, and maintaining
system reliability.

---

Understanding the Basic Specifications

Motor Poles and Frequency
The motor in question is a 6-pole induction motor operating at a standard industrial frequency of 60
Hz. The number of poles directly influences the motor's synchronous speed, which determines the
rotor speed and overall performance.

- Number of Poles: 6
- Supply Frequency: 60 Hz
- Synchronous Speed Calculation:

\[
N_s = \frac{120 \times f}{P} = \frac{120 \times 60}{6} = 1200\, \text{RPM}
\]

This is the synchronous speed, which the rotor approaches but never reaches due to slip.

Connection Type and Voltage
The motor is connected in a 30-star (Y) configuration, which affects the phase voltage and current:

- Star Connection: Line-to-neutral voltage is lower than line-to-line voltage by a factor of \(\sqrt{3}\).
- Implication: Proper voltage ratings are essential to avoid overvoltage or undervoltage conditions.

---



Electrical Characteristics of the Motor

Current Draw and Power Factor
This motor draws a line current of 16.8A at a power factor of 80% lagging.

- Line Current (\(I_L\)): 16.8A
- Power Factor (pf): 0.80 lagging

Understanding these parameters is crucial for system design:

- The motor's real power consumption can be computed using:

\[
P_{mech} = \sqrt{3} \times V_L \times I_L \times pf
\]

where \(V_L\) is the line-to-line voltage.

- The apparent power (\(S\)) is:

\[
S = \sqrt{3} \times V_L \times I_L
\]

- The reactive power (\(Q\)) accounts for the lagging power factor:

\[
Q = S \times \sin(\phi) = S \times \sqrt{1 - pf^2}
\]

Voltage Considerations
Assuming a standard industrial voltage (e.g., 460V line-to-line), the phase voltage in a star connection
is:

\[
V_{ph} = \frac{V_L}{\sqrt{3}} \approx \frac{460V}{\sqrt{3}} \approx 265.8V
\]

This voltage influences the motor's torque and current characteristics.

---



Performance Analysis of the Induction Motor

Power Calculation
Given the above, the real power drawn by the motor can be approximated:

\[
P_{mech} = \sqrt{3} \times V_L \times I_L \times pf
\]
\[
P_{mech} = \sqrt{3} \times 460V \times 16.8A \times 0.8 \approx 10,668\, \text{W} \approx 10.7\,
\text{kW}
\]

This represents the power delivered to the motor shaft, considering efficiency.

Efficiency and Power Factor Correction
The efficiency (\(\eta\)) of the motor depends on its design and load conditions. Typical efficiencies for
industrial induction motors range from 85% to 95%. To enhance system performance:

- Power factor correction can be implemented using capacitors to reduce reactive power, improve
power factor, and lessen the load on the electrical supply.

- Capacitor size calculation:

\[
Q_{c} = P \times (\tan \phi_{initial} - \tan \phi_{corrected})
\]

where \(\phi\) corresponds to the power factor angle before and after correction.

---

Implications of a 30-Star Connection

Voltage and Current Distribution
The star connection impacts the phase voltages and currents:

- Line-to-neutral voltage: Approximately 265.8V (assuming 460V line-to-line).
- Phase current: Equal to line current in a star connection, i.e., 16.8A.



Advantages of Star Connection
- Reduced phase voltage and current, which can lead to:

- Lower insulation stress.
- Reduced starting current during startup.
- Easier control of voltage levels.

Disadvantages
- Less torque at startup compared to a delta connection.
- Lower phase power per winding, which may limit the motor's
maximum torque.

---

Operational Considerations and Maintenance

Starting and Running Conditions

- Starting Current: Induction motors typically draw 5-7 times
their rated current at startup; hence, the 16.8A is likely the
running current.
- Slip: The difference between synchronous and rotor speed;
essential for torque production.

Maintenance Practices
- Regular inspection of bearings, windings, and cooling
systems.
- Monitoring electrical parameters like current, voltage, and
power factor to detect anomalies.

---



Applications and Suitability

This motor's specifications make it suitable for various
industrial applications, including:

- Pumps
- Compressors
- Conveyors
- HVAC systems

Its power and current ratings are aligned with medium-sized
industrial loads, and the power factor correction enhances
overall system efficiency.

---

Conclusion

A 30-star connected 6-pole 60 Hz induction motor drawing
16.8A at an 80% lagging power factor exemplifies a typical
medium-sized industrial motor. Its electrical characteristics,
including power consumption, efficiency, and connection type,
play vital roles in system design and operation. Proper
understanding and management of these parameters ensure
optimal performance, energy efficiency, and longevity of the
motor. Implementing power factor correction, regular
maintenance, and appropriate control measures can
significantly enhance operational reliability and reduce
energy costs.

---
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Frequently Asked Questions

What is the significance of a 30-star connected 6-pole 60 Hz
induction motor drawing 16.8A at 80% lagging power factor?

This indicates the motor's operational current under rated
conditions, with a star (wye) connection, 6 poles, and a supply
frequency of 60 Hz. The 16.8A current at 80% lagging power
factor reflects its load and efficiency characteristics.

How can we calculate the motor's apparent power based on
the given data?

The apparent power (S) can be calculated using S = √3 × V_L
× I, where V_L is the line-to-line voltage. If the line-to-line
voltage is known, multiply by 16.8A and √3, then convert to
kVA for the apparent power.

What is the real power consumed by the motor in this
operating condition?

The real power (P) can be found using P = V_L × I × Power
Factor. Considering the power factor is 80% lagging, multiply
the apparent power by 0.8 to determine the real power
consumption.



How does the power factor of 80% affect the motor's
performance and efficiency?

An 80% lagging power factor indicates some reactive power
presence, which can lead to increased electrical losses and
reduced system efficiency. Improving power factor with
capacitors can enhance performance.

What are the typical applications of a 6-pole, 60 Hz induction
motor with these specifications?

Such motors are commonly used in industrial applications
requiring moderate to high torque at standard mains
frequency, including pumps, fans, conveyors, and machine
tools.

How can the motor's efficiency be estimated from the given
current and power factor data?

Efficiency estimation requires knowledge of input power and
output power. Using the real power (calculated from current
and power factor) and considering losses, one can
approximate the efficiency, often around 85-95% for such
motors.

What maintenance considerations are important for a 6-pole
induction motor operating at these conditions?

Regular inspection of bearings, cooling systems, and
electrical connections, as well as monitoring vibration and



temperature, help ensure reliable operation under these
electrical loads and operating conditions.

Additional Resources

A 30 Star Connected 6-pole 60 Hz Induction Motor Draws
16.8A At A Power Factor Of 80% Lagging With The

In the realm of industrial machinery, induction motors serve
as the backbone for a multitude of applications—from
conveyor systems to pumps and compressors. Understanding
their electrical characteristics is vital for designing efficient
power systems, optimizing performance, and ensuring
longevity. Consider a typical scenario: a 30-star connected, 6-
pole, 60 Hz induction motor operating under specific electrical
conditions, drawing 16.8 amperes at a power factor of 80%
lagging. Such a motor’s behavior reflects intricate
relationships between electrical parameters, mechanical load,
and motor design.

This article delves into the technical nuances of this motor's
operation, exploring the significance of its connection
configuration, electrical parameters, power factor
implications, and the underlying physics governing its
performance. By dissecting these aspects, readers will gain a
comprehensive understanding of how such motors work and
how their electrical characteristics influence overall system
efficiency.

Understanding the Motor Configuration: Star



Connection and Its Implications

The Significance of Star (Y) Connection

A motor connected in a star (Y) configuration means that its
stator windings are connected such that one end of each
winding is connected to form a common neutral point, while
the other ends are connected to the power supply lines. This
connection impacts voltage, current, and overall motor
performance.

Key characteristics of star connection:

- Line-to-Neutral Voltage: The voltage applied to each winding
is the line-to-neutral voltage, which is lower than the line-to-
line voltage by a factor of √3.
- Reduced Starting Current: Star connection reduces the
initial inrush current during startup, making it suitable for
applications requiring gentle acceleration.
- Voltage Stress: Each winding experiences a voltage that is
1/√3 (~58%) of the line-to-line voltage, influencing flux and
torque.

Implication for this motor:

Given the motor is star-connected, the phase voltage
(V_phase) and line voltage (V_line) relate as:

V_phase = V_line / √3



This relationship is crucial for calculating the motor's phase
current, flux, and other electrical parameters.

Impact on Voltage and Current Ratings

Star-connected motors typically operate at lower phase
voltages, which influences their current draw and torque
production. When assessing a motor drawing 16.8A line
current at a specific voltage, understanding the connection
helps determine the phase currents, which directly affect
winding design and thermal considerations.

---

Electrical Parameters: From Current and Power Factor
to Power and Efficiency

Calculating Apparent, Active, and Reactive Power

Given Data:

- Line Current (I_line): 16.8A
- Power Factor (pf): 0.80 (lagging)
- Frequency: 60 Hz
- Connection: Star (Y)
- Number of Poles: 6



Step 1: Determine Line-to-Line Voltage

Suppose the supply voltage is standard for industrial motors
at 60 Hz; typical values include 460V or 230V. For this
example, assume the motor operates at a line-to-line voltage
(V_line) of 460V, a common industrial voltage.

Step 2: Calculate Phase Voltage

V_phase = V_line / √3 ≈ 460V / 1.732 ≈ 265.68V

Step 3: Calculate Apparent Power (S)

The apparent power per phase:

S_phase = V_phase × I_phase

But since the line current (I_line) is given, and in star
connection, the phase current equals line current:

I_phase = I_line = 16.8A

Total apparent power:

S_total = √3 × V_line × I_line

S_total = 1.732 × 460V × 16.8A ≈ 1.732 × 460 × 16.8 ≈
13,365 VA (or approximately 13.37 kVA)

Step 4: Calculate Active Power (P)

P = S × pf

P = 13,365 VA × 0.80 ≈ 10,692 W or roughly 10.69 kW



Step 5: Reactive Power (Q)

Q = S × sin(θ), where θ is the angle corresponding to the
power factor:

cos(θ) = 0.80 → θ ≈ 36.87°

sin(θ) ≈ 0.60

Q = 13,365 VA × 0.60 ≈ 8,019 VAR

This reactive power indicates the magnetic energy stored in
the motor's air gap, essential for torque production but
contributing to reactive power flow in the system.

Efficiency and Torque Considerations

The efficiency (η) of the motor depends on losses such as:

- Stator and rotor copper losses
- Iron losses (core losses)
- Mechanical losses (friction, windage)

Assuming typical efficiencies of 85-90%, the actual output
power can be estimated, which is vital for energy
management.

Torque developed (T):

T = (P × 60) / (2π × N)

Where N is the rotor speed in RPM, which for a 6-pole motor



at 60 Hz:

N_sync = (120 × frequency) / number of poles = (120 × 60) / 6
= 1200 RPM

The actual rotor speed (N_r) depends on slip, but for
maximum torque at full load, slip is around 2-5%. For
simplicity, assume slip s ≈ 3%, so:

N_r ≈ N_sync × (1 - s) ≈ 1200 × 0.97 ≈ 1164 RPM

Torque:

T ≈ (10,692 W × 60) / (2π × 1164) ≈ (641,520) / (7302) ≈ 87.9
Nm

This torque figure demonstrates the motor's capacity to do
work under load.

---

Power Factor and Its Significance in Motor Operation

Understanding Power Factor

Power factor (pf) indicates the efficiency with which the motor
converts electrical power into mechanical power. A lagging
power factor of 80% (0.80 lagging) suggests that part of the
current is reactive, not contributing directly to torque but



necessary for establishing magnetic fields.

Implications of a lagging power factor:

- Increased reactive power flow, which can strain the power
system.
- Higher currents for the same active power, leading to
increased losses.
- Potential penalties from utility providers for low power
factor.

Effects on System Design and Energy Consumption

Low power factor necessitates:

- Larger capacity conductors and transformers to handle
increased currents.
- Use of power factor correction devices like capacitors to
improve pf closer to unity.
- Better system efficiency, reducing operational costs.

In this scenario:

With an 80% lagging pf, the motor draws more reactive
current, contributing to system losses. Correcting the power
factor to near unity can significantly reduce the total current,
thereby decreasing copper losses and improving overall
efficiency.

---



Mechanical and Thermal Considerations

Rotor and Stator Losses

The electrical parameters directly influence the thermal
performance of the motor:

- Stator losses: Copper and iron losses within the stator
windings.
- Rotor losses: Induced currents in the rotor conductors
produce heat.
- Mechanical losses: Friction in bearings and windage.

Proper cooling and thermal management are essential for
sustaining continuous operation at 16.8A load.

Impact of Load and Operating Conditions

Higher load currents like 16.8A indicate the motor is
operating near its rated capacity, necessitating:

- Adequate ventilation.
- Regular maintenance to prevent overheating.
- Monitoring for abnormal vibrations or noise, which could
indicate mechanical issues.

---



Conclusion: Integrating Electrical Parameters for
Optimal Motor Performance

Understanding the electrical and mechanical characteristics
of a 30 star-connected, 6-pole, 60 Hz induction motor drawing
16.8A at 80% lagging power factor is crucial for engineers and
technicians aiming to optimize system performance. The
connection configuration influences voltage and current
relationships, while the power factor affects energy efficiency
and system sizing.

By analyzing parameters such as apparent power, active
power, reactive power, and torque, one gains insight into the
motor’s operational efficiency and potential areas for
improvement. Implementing power factor correction, ensuring
proper thermal management, and selecting suitable supply
voltages are essential steps toward maximizing the motor's
lifespan and performance.

In industrial settings, precise electrical understanding
translates into reduced operational costs, increased
productivity, and a more sustainable energy profile. As
technology advances, integrating smart monitoring systems
can further enhance the management of such motors,
ensuring they operate at peak efficiency while safeguarding
the electrical infrastructure.

---

Key Takeaways:

- Star connection reduces phase voltage but necessitates



understanding of current relationships.
- Calculations of power and torque from electrical parameters
inform system design.
- Power factor influences reactive power flow, system
efficiency, and operational costs.
- Proper thermal and mechanical management ensures
longevity under specified load conditions.
- Continuous monitoring and correction strategies can
optimize motor performance and energy use.

Understanding these aspects equips engineers and operators
with the knowledge needed to harness the full potential of
induction motors, ensuring reliable and efficient industrial
operations.
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