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Understanding the operational parameters and electrical characteristics of DC
motors is essential for engineers, technicians, and enthusiasts involved in
electrical machine design and application. In this article, we explore a
specific scenario where a DC motor develops 15 horsepower at a supply voltage
of 120 volts, with an armature resistance of 0.061 ohms, and analyze the
current drawn by the field winding. We will delve into the principles
governing motor performance, detailed calculations, and practical
considerations to provide a comprehensive understanding of this motor's
operation.

Overview of DC Motor Operation

DC motors are widely used in applications requiring variable speed and torque
control, such as electric vehicles, industrial machines, and robotics. Their
operation is based on the interaction of magnetic fields generated by the
armature (rotating part) and the field winding (stator). The key parameters
influencing their performance include supply voltage, armature resistance,
field winding resistance, and the current drawn by various components.

Understanding the Given Data

Before performing calculations, it is crucial to understand the provided
data:

Power Output (P): 15 HP (Horsepower)

Supply Voltage (V): 120 V

Armature Resistance (Ra): 0.061 Ω

Field Winding Draws: To be determined or specified

Converting horsepower to watts facilitates standard calculations:



1 HP ≈ 746 W

So,

15 HP ≈ 15 × 746 = 11,190 W

This is the mechanical power output of the motor; electrical input power will
be higher due to losses.

Calculating the Armature Current

The primary electrical parameter to determine is the armature current (Ia).
Using the basic power formula:

P_output = V × Ia × Efficiency × (some factor depending on motor type)

However, for initial estimation, assuming ideal conditions (100% efficiency),
the electrical input power (Pin) equals the output power plus losses.

Step 1: Calculate the ideal input power:

Pin ≈ P_output / Efficiency

In real scenarios, efficiency varies, but for estimation, assume an
efficiency of around 90%:

Pin ≈ 11,190 W / 0.9 ≈ 12,433 W

Step 2: Determine the armature current:

Since the motor is powered at 120 V:

Ia = Pin / V ≈ 12,433 W / 120 V ≈ 103.61 A

This is a high current, indicating the motor's substantial load.

Step 3: Account for armature resistance voltage drop:

Voltage drop across armature resistance:



V_ra = Ia × Ra ≈ 103.61 A × 0.061 Ω ≈ 6.32 V

Step 4: Determine the back emf (Eb):

Back emf is the voltage opposing the supply, given by:

Eb = V - V_ra ≈ 120 V - 6.32 V ≈ 113.68 V

The back emf is directly related to the motor's speed and flux.

---

Note: These calculations assume idealized efficiency and neglect other losses
such as brush contact, friction, and windage.

Calculating the Field Winding Current

The field winding is responsible for creating the magnetic flux in the motor.
Its current (If) depends on the field winding resistance (Rf), which is often
specified or measured.

Assuming the field winding resistance is known or provided:

- For example, if Rf = 100 Ω (a typical value for a shunt field winding):

If = V / Rf = 120 V / 100 Ω = 1.2 A

Alternatively, if Rf is unknown, it can be measured or estimated based on
motor design.

Importance of Field Winding Current:

- The field current determines the flux density.
- Variations in If affect the back emf and, consequently, the motor speed.
- Maintaining appropriate field current ensures stable operation.

Understanding Torque and Power Relationships

The torque produced by a DC motor relates to the armature current and flux:

T = (k × Φ × Ia)



Where:

- T = torque (Nm)
- k = a constant depending on motor construction
- Φ = magnetic flux (Webers)
- Ia = armature current

The developed power (P) is related to torque and angular velocity (ω):

P = T × ω

Given the mechanical power output:

T = P / ω

Estimating Speed:

Rearranged for speed:

ω = Eb / (k × Φ)

But since Eb is known (~113.68 V), and assuming flux Φ remains constant, we
can estimate the speed:

- The back emf constant (Kb) relates back emf to speed:

Eb = Kb × ω

Assuming a typical value for Kb:

- For a small DC motor, Kb might be approximately 0.1 V/rad/sec.

Then,

ω = Eb / Kb ≈ 113.68 V / 0.1 V/rad/sec ≈ 1136.8 rad/sec

Converting to RPM:

RPM = (ω × 60) / (2π) ≈ (1136.8 × 60) / 6.2832 ≈ 10,866 RPM



This high speed indicates the motor's theoretical no-load speed, which would
decrease under load.

---

Note: Actual operating speed involves more complex factors, including load
torque, friction, and flux variation.

Practical Considerations and Applications

Designing or selecting a DC motor for a specific application requires
understanding these parameters:

Current Handling: Ensure the motor's components can handle the1.
calculated armature and field currents.

Efficiency Optimization: Minimize losses by selecting appropriate2.
materials and design features.

Speed Control: Adjusting field current or armature voltage to control3.
motor speed.

Thermal Management: High currents generate heat; proper cooling4.
solutions are necessary.

Applications of such a motor include:

- Heavy-duty industrial machinery
- Electric vehicles requiring high power output
- Conveyor systems with high torque demands

Summary of Key Calculations and Insights

| Parameter | Value / Formula | Notes |
|---|---|---|
| Power Output | 15 HP ≈ 11,190 W | Mechanical output power |
| Input Power (assumed efficiency 90%) | ≈ 12,433 W | Electrical input power
|
| Armature Current | ≈ 103.61 A | Derived from input power and voltage |
| Voltage Drop across Ra | ≈ 6.32 V | Ia × Ra |
| Back emf (Eb) | ≈ 113.68 V | V - V_ra |
| Estimated Motor Speed | ≈ 10,866 RPM | From back emf and Kb |

---



In conclusion, understanding how a DC motor develops 15 HP at 120 V with a
specified armature resistance involves analyzing electrical parameters,
calculating currents, voltages, and speeds, and considering practical design
factors. Proper assessment of the field winding current further aids in
ensuring the motor's stable operation and performance efficiency. Whether for
design, troubleshooting, or application purposes, these calculations form the
foundation for effective utilization of DC motors in various industrial and
commercial scenarios.

Frequently Asked Questions

What is the power output of the DC motor when it
develops 15 HP at 120 V?
The motor's power output is 15 horsepower, which is approximately 11.19
kilowatts (since 1 HP = 0.746 kW).

How does armature resistance affect the current
drawn by the DC motor?
Higher armature resistance increases the voltage drop across the armature,
leading to higher power dissipation and potentially reducing the current
available for torque production; conversely, lower resistance decreases
voltage drop and allows more current to flow.

Given the armature resistance of 0.061 Ohm, how is
the armature current calculated for this motor?
The armature current can be calculated using the formula: I_a = (V - E_b) /
R_a, where V is the applied voltage, E_b is the back emf, and R_a is the
armature resistance.

What role does the field winding play in the
operation of this DC motor?
The field winding creates the magnetic field necessary for motor operation;
the current through the field winding determines the flux, which affects the
back emf and torque produced.

How can the power drawn by the field winding be
determined in this motor?
The power drawn by the field winding is calculated using P_field = I_field
V_field, where I_field is the current through the field winding and V_field
is the voltage across it.



What are the typical methods to improve the
efficiency of a DC motor with specified armature
resistance?
Efficiency can be improved by reducing armature resistance, ensuring proper
maintenance, optimizing armature and field currents, and using high-quality
conductors to minimize power losses.

How does the armature resistance impact the overall
efficiency of the DC motor?
Increased armature resistance causes more power loss as heat (I_a^2 R_a),
reducing overall efficiency; thus, minimizing armature resistance is key to
improving motor performance.

Additional Resources
A DC Motor Develops 15 HP At 120 V, If The Armature Resistance Is 0.061 Ohm
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Understanding the performance of a DC motor, especially one capable of
delivering 15 horsepower at a relatively low voltage such as 120V, requires a
thorough analysis of its electrical and mechanical parameters. Among these
parameters, the armature resistance and the field winding current play
crucial roles in determining the motor's efficiency, torque, and overall
operational capabilities. This article aims to dissect the various aspects
involved in such a motor's performance, providing insights into its design,
working principles, and practical considerations.

---

Introduction to DC Motors and Their Power
Ratings

DC motors are widely used in applications requiring precise control of speed
and torque. They operate on direct current and convert electrical energy into
mechanical energy through electromagnetic interactions. The power rating of a
motor, such as 15 HP in this case, indicates its maximum mechanical output
under specified conditions. Power ratings are influenced by several factors
including voltage supply, armature resistance, field winding current, and the
motor's design.

For a 15 HP (horsepower) motor supplied at 120 V, the key challenge is
achieving the necessary torque and power output efficiently while managing
electrical losses and heat dissipation. The specified armature resistance



(0.061 Ohm) and field winding current are critical parameters that influence
the motor's performance characteristics.

---

Electrical Parameters and Their Significance

Armature Resistance and Its Impact

The armature resistance (Ra) of 0.061 Ohm plays a pivotal role in the motor's
efficiency and thermal management. It determines the amount of I²R losses
(power dissipated as heat due to resistance) within the armature circuit.

- Power Loss in Armature Resistance:

\( P_{loss} = I_a^2 \times R_a \)

Where \( I_a \) is the armature current. As current increases, losses
increase quadratically, impacting efficiency.

- Voltage Drop Across the Armature:

\( V_{drop} = I_a \times R_a \)

This voltage drop reduces the effective back emf, affecting torque
production.

- Thermal Considerations:

Continuous operation at high currents can cause heating, necessitating proper
cooling.

Pros:

- Low resistance minimizes heat generation, improving efficiency.
- Simpler to control and predict.

Cons:

- Even small increases in resistance can significantly impact performance at
high currents.

---



Field Winding and Its Role

The field winding in a DC motor creates the magnetic field necessary for
torque production. Drawing current through the field winding establishes the
flux, which interacts with the armature current to generate torque.

- Field Current and Flux:

The strength of the magnetic flux (\( \phi \)) is directly proportional to
the field winding current (\( I_f \)). Maintaining a constant flux is
essential for consistent speed and torque.

- Field Winding Resistance and Power Consumption:

The resistance of the field winding influences the power drawn:

\( P_f = I_f \times V_f \)

Where \( V_f \) is the field voltage.

- Adjustable Field:

Variable field excitation allows for control over the motor's speed and
torque characteristics.

Pros:

- Enables precise control of motor performance.
- Adjustable flux for different operational modes.

Cons:

- Additional power consumption.
- Potential for field weakening or strengthening, affecting motor stability.

---

Calculating the Motor's Performance at 120 V

To analyze the motor's performance, let's consider the basic electrical
equations governing a shunt or series DC motor, assuming typical
configurations.

---



Determining Armature Current and Back emf

Given:

- Power output, \( P_{out} = 15 \text{ HP} = 15 \times 746 = 11,190 \text{ W}
\)

- Supply Voltage, \( V = 120V \)

- Armature Resistance, \( R_a = 0.061 \Omega \)

Assuming the motor operates at rated power and that losses are primarily
electrical (excluding friction and windage for simplicity), the armature
current (\( I_a \)) can be approximated from the power equation:

\[
P_{out} = V_{t} \times I_{a} - P_{loss}
\]

Where:

- \( V_t \) is the terminal voltage (120V).

- \( P_{loss} = I_a^2 R_a \).

Rearranging:

\[
I_a = \frac{P_{out} + P_{loss}}{V_t}
\]

But since \( P_{loss} \) depends on \( I_a \), this becomes an iterative
calculation or a quadratic equation.

Alternatively, for an approximate solution, neglecting armature resistance
initially:

\[
I_{a} \approx \frac{P_{out}}{V_t \times \eta}
\]

Assuming high efficiency (\( \eta \approx 90\% \)):

\[
I_{a} \approx \frac{11,190}{120 \times 0.9} \approx 103.75 \text{ A}
\]

Now, calculating the power loss:

\[



P_{loss} = (103.75)^2 \times 0.061 \approx 660 \text{ W}
\]

Including this in the total power input:

\[
P_{input} = P_{out} + P_{loss} \approx 11,190 + 660 = 11,850 \text{ W}
\]

Thus, the actual armature current is approximately 104 A, and the back emf
(\( E_b \)) can be obtained as:

\[
E_b = V - I_a R_a = 120V - (104 \times 0.061) \approx 120V - 6.34V = 113.66V
\]

This back emf indicates the motor's magnetic flux and rotational speed
relationship.

---

Mechanical Power and Torque Calculation

The mechanical power output relates directly to torque (\( T \)) and angular
velocity (\( \omega \)):

\[
P_{out} = T \times \omega
\]

Converting 15 HP to Watts gives 11,190 W. To find torque:

\[
T = \frac{P_{out}}{\omega}
\]

Assuming the motor operates at a certain speed, say 1800 RPM (a common speed
for such motors), then:

\[
\omega = \frac{2\pi \times N}{60} = \frac{2\pi \times 1800}{60} = 188.5
\text{ rad/sec}
\]

Thus:

\[
T = \frac{11,190}{188.5} \approx 59.4 \text{ Nm}
\]



This indicates the motor produces approximately 59.4 Nm of torque at the
rated power and speed.

---

Features and Practical Considerations

When evaluating a DC motor capable of delivering such power at 120V, several
features and considerations come into play:

- High Torque at Low Voltage:

Achieving 15 HP at 120V necessitates high current levels, which demand robust
construction and cooling systems.

- Efficiency and Heat Dissipation:

The low armature resistance aids in reducing electrical losses, but high
current operation produces significant heat, requiring effective cooling.

- Control and Regulation:

Precise control over field winding current allows for speed regulation and
torque control, making the motor versatile in various applications.

- Size and Weight:

To handle high currents and power, the motor's size and weight are
considerable, impacting installation and infrastructure.

- Cost and Maintenance:

High-power DC motors with specialized components can be expensive and require
regular maintenance.

---

Advantages and Disadvantages

Advantages:

- Excellent speed regulation capabilities.
- High starting torque, suitable for heavy-duty applications.
- Smooth operation with minimal vibrations.

Disadvantages:



- Requires maintenance of brushes and commutators.
- Electrical losses increase with high current, leading to heat management
issues.
- Less efficient compared to AC motors at similar power levels.
- High cost and complexity for large power ratings.

---

Applications of High-Power DC Motors

Such a motor finds applications in:

- Electric vehicles requiring high torque and precise control.
- Heavy-duty industrial machinery.
- Electric cranes and hoists.
- Marine propulsion systems.
- Aerospace applications where precise torque and speed control are critical.

---

Conclusion

A DC motor capable of developing 15 HP at 120 V, with an armature resistance
of 0.061 Ohm and a specified field winding current, exemplifies a high-
performance electromechanical device. Its design intricately balances
electrical parameters such as armature resistance, field current, and back
emf to deliver substantial mechanical power. While offering advantages like
high torque and excellent controllability, it also presents challenges
related to heat dissipation, maintenance, and cost. Understanding these
factors is essential for engineers and technicians aiming to optimize the
performance, efficiency, and lifespan of such motors in demanding
applications. Proper design considerations, cooling strategies, and control
systems are vital to harness the full potential of these powerful DC motors.
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