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Understanding the Relationship Between Torque and Tension in the Fastener Industry

In the fastener industry, ensuring the reliability and safety of bolted joints is paramount. The
relationship between torque and tension plays a crucial role in achieving optimal performance.
Despite being intertwined, these two factors are distinct and influence each other significantly.

Torque and Tension Defined

Torque is the rotational force applied to a fastener, typically measured in units such as pound-
feet (Ib-ft) or Newton-meters (Nm). This is the input force applied to tighten or loosen the
fastener.

Tension, on the other hand, refers to the axial force or the stretching force applied to a fastener
as it is tightened. It directly impacts the clamping force—the force that holds the bolted joint
components together.

The Critical Connection: How Torque Generates Tension

When a fastener is tightened, torque creates friction between the threads and under the head or
nut of the fastener. This friction results in elongation of the fastener, generating tension. The
tension, in turn, provides the clamping force necessary to secure the joint.

The relationship between torque and tension can be expressed by the formula:
T=K-F-dT = K\cdot F \cdot dT=K-F-d
Where:
e TTT = Torque (in consistent units)
e KKK = Torque coefficient or nut factor (accounts for friction)
e FFF = Tension (axial force)
e ddd = Diameter of the fastener
The Role of Friction in the Torque-Tension Equation
A significant portion of the applied torque is consumed in overcoming friction. Approximately:
¢ 90% of the torque is used to counter thread and under-head friction.

e Only about 10% of the torque is converted into the useful tension that provides clamping
force.

This highlights why accurate control of friction factors is essential to ensure the desired tension.
Challenges in Torque-Tension Relationship

1. Variability in Friction: Variations in lubrication, surface finish, and material properties
can lead to inconsistent friction levels, affecting the tension produced for a given torque.
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2. Over-Tightening or Under-Tightening: Insufficient tension can lead to joint loosening
under dynamic loads, while excessive tension can cause fastener breakage or thread

stripping.
3. Environmental Factors: Corrosion, contamination, and temperature changes can alter
the torque-tension relationship over time.

Methods for Optimizing Torque-Tension Accuracy

1. Lubrication: Applying consistent lubrication reduces friction variability, improving the
accuracy of the torque-tension relationship.

2. Calibration: Regularly calibrating torque tools ensures that applied torque matches the
desired specification.

3. Direct Tension Measurement: Using tension-measuring devices like load-indicating
washers or strain gauges provides direct control over the clamping force.

4. Controlled Environments: Minimizing environmental influences, such as dirt or
moisture, during assembly enhances reliability.

The Importance of Precision in the Fastener Industry

A precise torque-tension relationship is critical in industries like aerospace, automotive, and
construction, where fastener failure can have catastrophic consequences. Engineers and
technicians must understand this relationship to ensure the longevity and safety of assemblies.

Conclusion

The interplay between torque and tension is fundamental in the fastener industry. While torque
is the means of applying force, tension is the ultimate goal for achieving a secure joint. By
managing friction, calibrating tools, and understanding environmental impacts, the industry can
ensure that fastened assemblies perform reliably under demanding conditions.

With advancements in materials and testing techniques, the accuracy and predictability of this
relationship continue to improve, driving the fastener industry toward greater safety and
innovation.
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Fastener Warehouse understands the common, unique and customizable needs of our
customers. We take extreme pride in developing lasting business relationships with our
customers to fully understand the unique needs at all levels of their operations. With
over 40 years of experience in the fastener industry we understand your challenges, and
provide solutions to all areas of your fastener requirements.

Our approach to delivering a total solution for your company is unique, proven and
attainable. Call your local Fastener Warehouse representative today or visit our webpage
for more information at www.fastenerwarehouse.ca

OR

For over 40 years, working with customers like you, Fastener Warehouse has a unique
understanding of our customers needs and requirements in the procurement of class C
fasteners. As the procurement landscape evolves and changes, we continue to assist our
customers navigate, some times challenging process of procurement, and have assisted
developing procedures meeting our customers procurement goals and objectives. For
more information and or to see how we at Fastener Warehouse may be able to assist in
developing unique procurements strategies for your organization visit our web site at
www.fastenerwarehouse.ca or call 1-877-374-1199

Or

Fastener Warehouse understands the common, unique and customizable needs of our
customers. We take extreme pride in developing lasting business relationships with our
customers to fully understand the unique needs at all levels of their operations. With over 40
years of experience in the fastener industry we understand your challenges, and provide
solutions to all areas of your fastener requirements.

Our approach to delivering a total solution for your company is unique, proven and attainable.
Call your local Fastener Warehouse representative today or visit our webpage for more
information at www.fastenerwarehouse.ca




