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DRD Technology helps engineering teams accelerate 
product development. With in-house expertise spanning the 
entire range of physics, we ensure customers succeed when 
using Ansys simulation tools for virtual prototyping and 
design verification.
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Technical Support Contact Coordinates

Support:
(918) 743-3013  x1
support@drd.com 

Or through our website at 
www.drd.com 

I have had over 40 years of experience 
working with DRD Technology and 
have been very satisfied with them 
through the years.

- David Stribling, P.E.
Owner, Buffalo Hump Solutions

mailto:support@drd.com
http://www.drd.com/
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Overview of Torque on Threaded Fasteners

• The process of tightening threaded fastener assemblies, especially for bolted 
joints, involves controlling both the input torque and angle of turn in order 
to achieve desired preload of the bolted assembly.

• Understanding the role of friction in both the underhead and threaded 
contact zones is an important factor in defining the relationship between 
torque, angle and tension.

Engineering Fundamentals of Threaded Fastener Design and Analysis

By Ralph S. Shoberg, P.E.,

Director of Technology, PCB Load & Torque, Inc.

Elastic Torque-Tension Relationship :

T = K*D*F 

T = Torque, lbf-inch

K = Nut Factor (0.03 ~ 0.35)

D = Nominal Diameter, inch

F = Clamping Force, lbf
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Overview of Torque on Threaded Fasteners

• The torque applied to a fastener is absorbed primarily in 3 main 
areas:

1. Underhead Friction 
2. Thread Friction
3. Developing Clamping Force that holds components together.

Total Torque = TUnderhead + TThread + TClamping
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Overview of Torque on Threaded Fasteners

Total Torque = TUnderhead + TThread + TClamping
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Overview of Torque on Threaded Fasteners

T = K*D*F

ΔT = K*D*ΔF

ΔF= kstiffness*Δx   ----- (Hooke’s Law)

kstiffness = (kb*km)/(kb + km)

kb: bolt stiffness 
km: Joint Member Stiffness

ΔT = K*D*kstiffness* Δx

ΔT = K*D*kstiffness*(Δθ/360)* P
Engineering Fundamentals of Threaded Fastener Design and Analysis

By Ralph S. Shoberg, P.E.,

Director of Technology, PCB Load & Torque, Inc.

http://www.wtools.com.tw/Relation-Formula.shtml

Torque-Angle of Turn Relationship:

kb

km
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Creating Geometric Interference to Simulate 
Applied Torque on Threaded Fasteners

• Torque applied on threaded parts introduce geometric overlap as shown 
below (due to axial movement coupled with rotational movement of threads). 



10February 27, 2025

Creating Geometric Interference to Simulate 
Applied Torque on Threaded Fasteners

• Common assumption in FEA is to model the 
threaded flanks as axisymmetric (although in 
reality the threads are helical in nature).

• This allows us to perform a 2d axisymmetric 
analysis in ANSYS Workbench.
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Creating Geometric Interference to Simulate 
Applied Torque on Threaded Fasteners

Techniques to simulate geometric interference from applied torque :

Method # 1 : Rotate the parts in ANSYS Discovery along a helical trajectory to simulate rotation and axial 
movement from torque as shown below. The geometry overlaps and then you take a section of this 
overlap to do 2d axisymmetric analysis. 
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Creating Geometric Interference to Simulate 
Applied Torque on Threaded Fasteners

The contact offset value is set to zero to allow for initial geometric overlap to 
account for the interference fit as shown.

Parts Overlap
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Creating Geometric Interference to Simulate 
Applied Torque on Threaded Fasteners

Method # 2 : If unsure on the appropriate amount of rotation/axial movement from 
applied torque, another option is to bring the 2d axisymmetric geometry without any 
initial geometric overlap. You can induce overlap (axial movement of the threads) from 
applied torque through “contact based interference” as shown here. 

Parts Touching
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

• ANSYS can report maximum torque based on friction coefficient of unity. Results can be scaled 
with appropriate friction coefficient to get desired torque.

ANSYS Methodology to Output Torque : 
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

• You can issue the command NLDIAG,CONT,SUBS to output results for Torque Distribution as 
shown. The multiple entries correspond to values for underhead friction and thread friction 
torques.
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

Thread 1
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

Total Torque = (TUnderhead + Tthread) / 0.9

        Tthread = Tthread1 + Tthread2

    (μthread = 0.3)         Tthread1 = 9093.3*0.3 = 2727.99, lbf-in
                                Tthread2 = 37986*0.3 = 11395.8, lbf-in

                                               Tthread = 2727.99 + 11395.8 = 14123.79, lbf-in

 (μunderhead = 0.5)       Tunderhead= 59,871*0.5 = 29935.5, lbf-in

Total Torque = (2727.99 + 11395.8 + 29935.5)/0.9 =  48954.76, lbf-in

Thread 2
Underhead
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

Methods of Validation of ANSYS Results for Total Torque : 

Method # 1 : Hand Calculation (Traditional method using Spreadsheet)

One method for hand calculation is to simply use the same equation for Maximum Torque 
evaluation used by ANSYS as shown below which is a good basis for validation study.

Note : The contact pressure is multiplied with area of the contact elements to get normal force 
on each contact element. The normal force on each contact element is multiplied with friction 
coefficient to get the shear force on each contact element. The shear force from each contact 
element is multiplied with the distance of contact element (centroid) from axis to get torque on 
that contact element. The torques from all contact elements are summed to get overall torque. 
The torques are evaluated separately for underhead friction and thread friction and then 
summed up. Generally, the torques from underhead and thread friction accounts for about 90% 
of overall torque. Therefore, knowing the torque from underhead and thread friction allows us 
to evaluate the actual torque.
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

UnderheadClose match with ANSYS Results
of underhead torque 29,936 lbf-in!
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

Thread 1
Close match with ANSYS Results

of Thread 1 torque 2728, lbf-in!
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners

 Δx = 0.0125 inches contact offset as shown.

kstiffness = (kb*km)/(kb + km) = 5.558E06, lbf/in

kb: bolt stiffness 
km: Joint Member Stiffness

D : Nominal diameter of bolt; D = 1 inch

ΔT = K*D*kstiffness* Δx = 52628, lbf-in

Another method to calculate the total torque 
is to simply use the Torque-Angle of turn 
relationship to calculate it.

K : Nut factor (includes contribution from geometric 
factor, thread friction factor and underhead friction 
factor)

K = 0.7574

Close match with ANSYS Results of total torque estimate of 48955, lbf-in!
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Discussion of Techniques to Evaluate Torque 
on Threaded Fasteners
Method # 2 : Programming with MAPDL Macro (Automated way!)

Torque Calculation on Threads

Torque Calculation on Underhead

Close match with 

ANSYS Results of total torque 48954.76 lbf-in! 
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Demo : Techniques to Evaluate Torque in 
ANSYS Workbench for Threaded Parts
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Summary

• Several techniques presented here including traditional methods such as 
hand calculations, as well as using Ansys gives us a way to validate 
torque on threaded fasteners. 

• The FEA techniques using Ansys presented 2 options : One including the 
solution result tracker, as well as the second method using MAPDL 
macro; both yields accurate torque results over the traditional methods 
such as hand calcs which gives us a ballpark estimate.

• Provides a mode of calibrating torque if angle of turn is unknown to 
achieve desired/set amount of torque. 

• Gives an opportunity to set up FEA for threaded fasteners including 
determining stresses and strains at threaded joints.
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Conclusion

Thank you for your time!

Questions?
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