
Find The Width Of The Belt, Necessary To Transmit

7.5 KW To A Pulley 300 Mm Diameter If The

Pulley Makes

Find The Width Of The Belt, Necessary To Transmit 7.5 KW To A Pulley 300 Mm Diameter If The

Pulley Makes

When designing belt drives, one of the crucial parameters to determine is the width of the belt required

to transmit a specific power efficiently and reliably. In this case, we want to find the width of a belt

necessary to transmit 7.5 kW of power to a pulley with a diameter of 300 mm. The task involves

understanding the fundamental principles of belt power transmission, the factors influencing belt width,

and applying relevant formulas to arrive at an accurate measurement. Proper belt selection ensures

efficient energy transfer, minimizes slippage, reduces wear, and extends the lifespan of the entire drive

system.

---

Understanding the Fundamentals of Belt Power Transmission

Principles of Belt Drives

A belt drive system consists of a belt wrapped around pulleys, transmitting power from a driver (usually

a motor) to a driven machine. The belt's flexibility allows it to conform to the pulley surface, creating

friction that transmits torque. The key parameters influencing the design include:



- Power to be transmitted (P)

- Speed of the pulley (N)

- Pulley diameter (D)

- Belt tension

- Coefficient of friction

- Belt material and cross-sectional shape

Types of Belt Drives

Common types include:

- Flat belts

- V-belts

- Ribbed belts

- Timing belts

For this analysis, we will assume a flat belt or standard V-belt, as they are common in power

transmission applications.

---

Calculating the Power Transmission Requirements

Given Data

Power to be transmitted, P = 7.5 kW = 7500 W



Pulley diameter, D = 300 mm = 0.3 m

Calculating the Pulley's Rotational Speed

The power transmitted relates to the belt tension and pulley speed as:

\[ P = (T_1 - T_2) \times v \]

where:

- \( T_1 \) = tight side tension

- \( T_2 \) = slack side tension

- \( v \) = belt velocity

The belt velocity \( v \) is related to pulley speed \( N \) as:

\[ v = \frac{\pi D N}{60} \]

To optimize the design, the typical operating speed for belt drives varies, but for a 300 mm pulley

transmitting 7.5 kW, a common belt speed is around 20-30 m/s to ensure efficient power transmission

without excessive wear.

Assuming a belt speed \( v \) of 25 m/s:

\[ N = \frac{60 v}{\pi D} = \frac{60 \times 25}{\pi \times 0.3} \approx 1592 \text{ rpm} \]

This rotational speed is typical for such power transmission.

---



Understanding Belt Tensions and Power Transmission

Tension Ratio and Belt Tension

The tension difference \( (T_1 - T_2) \) is crucial to prevent slipping and to transmit the required power.

It depends on:

- The coefficient of friction \( \mu \)

- The angle of lap \( \theta \)

For flat belts, the maximum tension ratio is:

\[ \frac{T_1}{T_2} = e^{\mu \theta} \]

Assuming typical values:

- Coefficient of friction, \( \mu \) = 0.3

- Contact angle, \( \theta \) = 180°, or \( \pi \) radians

Thus,

\[ \frac{T_1}{T_2} = e^{0.3 \times \pi} \approx e^{0.942} \approx 2.56 \]

The maximum tension \( T_1 \) and slack tension \( T_2 \) are related through the power and belt

velocity:

\[ P = (T_1 - T_2) v \]

Rearranged to find \( T_1 \) and \( T_2 \), with an assumed belt tension ratio for safe operation.



---

Determining the Belt Width

Belt Cross-Sectional Area

The belt width \( b \) is related to the belt's cross-sectional area \( A \) and the belt thickness \( t \):

\[ A = b \times t \]

The power capacity of a belt also depends on its cross-sectional area and material strength.

Standard V-belt cross-sections:

| Belt Section | Typical Width \( b \) (mm) | Typical Thickness \( t \) (mm) |

|----------------|-------------------------|-----------------------------|

| B-section | 13 mm | 8 mm |

| C-section | 16 mm | 10 mm |

For high power transmission, a C-section belt might be appropriate.

Empirical Formula for Belt Width

An approximate empirical formula for belt width is:

\[ b = \frac{P}{K \times T_{max}} \]



where:

- \( K \) = coefficient depending on belt material and efficiency

- \( T_{max} \) = maximum belt tension

Alternatively, a more precise approach involves:

\[ \text{Belt width} \, b = \frac{\text{Power transmitted}}{\text{Belt tension} \times v} \]

Given the power and belt velocity, and assuming an allowable tension per unit width, the required belt

width can be estimated.

---

Applying the Calculations to Find the Belt Width

Estimating Belt Tension

Assuming a typical tension \( T \) per unit width for a V-belt:

\[ T = \frac{P}{v \times \eta} \]

where \( \eta \) is the efficiency, typically around 0.95 for belt drives.

Calculating:

\[ T = \frac{7500}{25 \times 0.95} \approx 315.8 \text{ N} \]

This tension is the tension difference needed to transmit power at the specified belt speed.



Assuming maximum tension \( T_{max} \) is about 2.5 times the tension required, to account for slack

and safety:

\[ T_{max} \approx 2.5 \times T \approx 2.5 \times 316 \approx 790 \text{ N} \]

---

Deriving the Belt Width

Using typical tension per unit width for V-belts:

- For a C-section belt, the tension per mm of width is approximately 10 N/mm.

Thus,

\[ b = \frac{T_{max}}{10} = \frac{790}{10} = 79 \text{ mm} \]

To ensure safety, a belt width of at least 80 mm is recommended.

---

Final Considerations and Practical Recommendations

Selection of Standard Belt Widths

Manufacturers provide standard belt widths—common widths include 80 mm, 100 mm, 125 mm, etc.

Selecting the nearest standard size that exceeds the calculated minimum ensures reliability.



Additional Factors Influencing Belt Width

- Belt Material Strength: Stronger materials allow narrower belts for same power.

- Safety Factors: Incorporate safety margins (typically 20-30%) to account for shocks, misalignment,

and wear.

- Drive Configuration: Multiple belts in parallel can distribute power, reducing the required width per

belt.

- Belt Tensioning: Proper tensioning prevents slippage and ensures optimal power transfer.

Summary of the Calculation Process

1. Determine the belt velocity based on the desired power and pulley size.

2. Calculate the required tension difference using power and belt velocity.

3. Estimate maximum belt tension considering safety margins.

4. Use tension per unit width values to compute the necessary belt width.

5. Select standard belt sizes accordingly.

---

Conclusion

The process of finding the belt width necessary to transmit 7.5 kW to a 300 mm diameter pulley

involves understanding the interplay between power, belt tension, belt velocity, and cross-sectional

dimensions. Based on the calculations and typical industry standards, a belt width of approximately 80

mm (or slightly more, depending on safety margins and specific belt types) is suitable for this

application. Ensuring the selected belt matches the power transmission requirements while considering

safety, efficiency, and longevity will result in a reliable and efficient drive system.



Proper design and selection of belt width are vital for maintaining smooth operation, preventing

slippage, and minimizing wear, ultimately leading to a longer service life of the belt drive system.

Always consult manufacturer specifications and industry standards for precise selection tailored to

specific operational conditions.

Frequently Asked Questions

What is the significance of calculating the width of a belt in power

transmission systems?

Calculating the belt width ensures the belt can safely transmit the required power without slipping or

excessive wear, optimizing efficiency and longevity of the system.

How is the power transmitted related to the belt width and pulley

diameter?

Power transmitted depends on the belt's cross-sectional area (width and thickness), tension, and pulley

diameter; larger widths can transmit higher power with less slip.

What formula can be used to determine the belt width needed for

transmitting a specific power?

A common approach involves using the belt's capacity equation: P = T × v, where T is the tension and

v is belt velocity; belt width is then derived based on tension capacity and belt material properties.

What are typical assumptions made when calculating belt width for

power transmission?

Assumptions often include constant belt tension, uniform belt material strength, no slip, and that the

belt operates within its elastic limit.



How does pulley diameter influence the required belt width for

transmitting power?

Larger pulley diameters reduce belt bending stresses and can allow for narrower belts, but for a fixed

power, increased pulley size typically requires a proportionate increase in belt width to handle the load.

What is the typical belt width-to-pulley diameter ratio used in design

calculations?

Design standards often suggest a belt width between 1/10th to 1/20th of the pulley diameter, but the

actual width depends on power requirements and belt material strength.

Are there safety factors involved in determining belt width for

transmitting 7.5 KW power?

Yes, safety factors are applied to account for dynamic loads, material imperfections, and operational

variability, leading to a slightly larger belt width than the minimum calculated requirement.

What types of belts are suitable for transmitting 7.5 KW to a 300

mm diameter pulley?

V-belts or flat belts made from reinforced rubber or polymer materials are typically used, chosen based

on the power, speed, and environmental conditions.

How can one verify if the calculated belt width is adequate for the

application?

By comparing the calculated width with manufacturer specifications, considering safety margins, and

performing practical tests under operational conditions to ensure reliable power transmission.



Additional Resources
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In the realm of power transmission, belt drives remain a fundamental component in various industrial

applications. Their simplicity, cost-effectiveness, and versatility make them a preferred choice for

transmitting power between shafts. When designing such systems, one critical aspect is determining

the appropriate belt width that can handle the required power without failure. This article delves into

the technical methodology to find the necessary belt width to transmit 7.5 kilowatts (KW) of power to a

pulley with a 300 mm diameter, considering the pulley’s rotational speed and other influential factors.

---

Understanding Power Transmission via Belt Drives

Before analyzing the calculations, it’s essential to comprehend how belt drives function. A belt drive

consists of a continuous loop of flexible material—commonly rubber, fabric-reinforced rubber, or

synthetic compounds—that transmits power between pulleys. The belt's tension, friction, and contact

area with the pulley are crucial determinants of its power-carrying capacity.

In the context of the problem, the primary goal is to determine the width of the belt required to safely

transmit 7.5 KW of power, which involves understanding the relationship between power, belt tension,

pulley's diameter, and belt material properties.

---

Step 1: Basic Parameters and Assumptions

To proceed with calculations, certain parameters and assumptions are necessary:

- Power to be transmitted (P): 7.5 KW = 7500 W



- Pulley diameter (D): 300 mm = 0.3 meters

- Pulley rotational speed (N): To be determined or assumed based on typical applications.

- Coefficient of friction (μ): Typically between 0.2 and 0.3 for rubber belts.

- Belt velocity (V): Calculated based on pulley speed and size.

- Efficiency (η): Usually around 0.95 for belt drives.

- Material properties: Tensile strength, elongation, etc.

In practical scenarios, the pulley speed is often specified or determined based on the application's

requirements. For the sake of this example, assume a typical rotational speed.

---

Step 2: Calculating Pulley Speed and Belt Velocity

The belt velocity (V) is a critical factor, directly influencing the belt width.

Assuming a typical rotational speed:

Let’s assume the pulley operates at n = 1500 rpm (revolutions per minute), a common speed in

industrial machinery.

Calculating belt velocity (V):

\[

V = \frac{\pi D N}{60}

\]

Where:

- \( D = 0.3\, \text{m} \)

- \( N = 1500\, \text{rpm} \)



Plugging in the numbers:

\[

V = \frac{\pi \times 0.3 \times 1500}{60} = \frac{\pi \times 0.3 \times 1500}{60}

\]

\[

V \approx \frac{3.1416 \times 0.3 \times 1500}{60} \approx \frac{1413.72}{60} \approx 23.56\,

\text{m/sec}

\]

Result: The belt moves at approximately 23.56 meters per second.

---

Step 3: Determining Belt Tension and Power Transmission

The power transmitted by a belt relates to the tension and velocity:

\[

P = (T_1 - T_2) \times V

\]

Where:

- \( T_1 \): Tension in the tight side

- \( T_2 \): Tension in the slack side

For design calculations, the effective tension (T) in the belt is often approximated using:

\[

T = \frac{P}{\eta \times V}



\]

Given the efficiency:

\[

T = \frac{7500}{0.95 \times 23.56} \approx \frac{7500}{22.38} \approx 335\, \text{N}

\]

Interpretation: The belt must withstand a tension of approximately 335 N to transmit 7.5 KW at the

assumed speed.

---

Step 4: Selecting Belt Material and Coefficient of Friction

To determine the belt width, material properties and friction coefficients are pivotal. Common belt

materials like rubber or fabric-reinforced belts have typical coefficients of friction (\( \mu \)) around 0.2

to 0.3.

For safety and durability, a conservative approach assumes:

- \( \mu = 0.25 \)

---

Step 5: Calculating the Belt Width

The belt width must accommodate the tension and ensure the belt material's tensile strength isn't

exceeded.

Step 5.1: Determine the maximum allowable belt tension (T_max):



Suppose the belt's tensile strength per unit width (\( \sigma \)) is known. For example, if the belt

material has a tensile strength of 20 MPa, and the belt operates safely at a tension below this.

Step 5.2: Expressing belt tension in terms of width (b):

\[

T = \sigma \times \text{cross-sectional area}

\]

Assuming the belt has a uniform thickness (\( t \)), then:

\[

\text{Cross-sectional area} = b \times t

\]

Hence:

\[

T = \sigma \times b \times t

\]

Rearranged to solve for belt width:

\[

b = \frac{T}{\sigma \times t}

\]

Choosing an appropriate belt thickness—commonly in the range of 10-15 mm for power belts:

Let’s assume \( t = 10\, \text{mm} = 0.01\, \text{m} \),



and \( \sigma = 20\, \text{MPa} = 20 \times 10^6\, \text{N/m}^2 \).

Calculating belt width:

\[

b = \frac{335\, \text{N}}{20 \times 10^6\, \text{N/m}^2 \times 0.01\, \text{m}} = \frac{335}{200,000}

\approx 0.001675\, \text{m} = 1.675\, \text{mm}

\]

This calculation suggests a very narrow belt, which is impractical. The discrepancy indicates that the

tension value used is too low or that additional factors must be considered.

Alternative approach:

In real-world belt drive design, the belt width is often chosen based on empirical charts or industry

standards. For transmitting 7.5 KW at the given pulley size and speed, typical industrial belts range

from 25 mm to 50 mm in width.

---

Step 6: Practical Considerations and Industry Standards

Given the complex interplay of tension, material properties, pulley size, and operational safety,

engineers often rely on empirical data and standards for belt width selection. For a 300 mm diameter

pulley transmitting 7.5 KW, typical belt widths are:

- Standard belt widths: 25 mm, 35 mm, or 50 mm, depending on the belt material and application

specifics.

- Recommended belt width: For safety and efficiency, a 35 mm or 50 mm wide belt is often used in

practice.



Final Determination:

Considering the calculations, safety margins, and industry practices, a belt width of approximately 35

mm to 50 mm would be appropriate to transmit 7.5 KW to a 300 mm diameter pulley operating at 1500

rpm.

---

Summary of Key Points

- Power transmission depends on belt tension, velocity, and material strength.

- Belt velocity at 1500 rpm for a 300 mm pulley is approximately 23.56 m/sec.

- Tension calculations suggest a tension of roughly 335 N, but real-world design incorporates safety

margins.

- Belt material properties and empirical standards guide the final belt width selection.

- Practical belt width for the specified power and pulley size is approximately 35–50 mm.

---

Conclusion

Designing a belt drive system involves a careful balance between theoretical calculations and practical

considerations. While initial calculations provide a foundation, engineers often rely on industry

standards, empirical data, and safety margins to finalize design parameters. For transmitting 7.5 KW to

a 300 mm diameter pulley, selecting a belt width within the 35 mm to 50 mm range ensures reliable

operation, durability, and efficient power transmission.

In conclusion, understanding the interplay of pulley size, power requirements, material properties, and

operational safety is crucial for specifying the correct belt width. This meticulous approach ensures that

machinery runs smoothly, with minimized risk of failure, and optimized performance over its service

life.
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