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Functional principle: Load transfer in bolted joints

1. Shear Joint: the applied loading is 

at right angles to the fastener axis
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2. Rotating or Torque Joint

Both types of joints require two factors: preload, or clamping force, and friction.
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What is Preload?

• A critical component of designing bolted 

joints is not only determining the number 

of bolts, the size of them, and the 

placement of them but also determining 

the appropriate preload for the bolt and 

the torque that must be applied to achieve 

the desired preload.  

• One key aspect to appreciate is that the 

root cause of the majority of bolt/joint 

failures is due to insufficient preload. It is 

unusual for the bolt to be overloaded. 

If the preload provided by the bolt is 

insufficient, joint separation and movement 

can occur, resulting in possible bolt fatigue 

and self-loosening issues. 

Most bolt/joint failures are ultimately
caused by insufficient preload.

Fp = Preload Force
Fc = Clamping Force
Fs = Shear Force
Ft = Tension Force
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Problems that can occur in bolted joints

Too high shear force or insufficient preload can result in shear or failure
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• Increase coefficient of friction  transmit higher torque loads

• Reduce component weight  reduced moving masses

• Reduce risk of slippage  increase margin of safety

• Fit within narrow engineering tolerances  no design change required

3M™ Friction Shims consist of a coated steel shim with 

partially embedded diamonds. When the shim is placed 

between two components in a bolted connection, the 

diamonds “bite” into the surface, creating a microform fit 

and significantly increasing friction between the two parts.

4x
higher 
friction
coefficient

Get a grip with 3M™ Friction Shims.
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Now, you have the power!

With 3M™ Friction Shims, you can reduce 

component size and increase performance 

– all while allowing a greater margin for 

safety.

Less / Smaller 
Bolts

Downsizing Safety Factor

Additional µ with 3M™ Friction Shims µ without 
3M™ Friction 

Shims

That gives you the freedom and flexibility 

you need to design lighter, transfer higher 

torque and reduce number or size of bolts.

What can 3M Friction Shims do for you?
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Functional principle

3M™ Friction Shims are thin steel foils with an electroless nickel / diamond coating
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Functional principle

The microscale diamond interlocking results in an increase of the static friction coefficient 

up to a factor of 3 - 5 depending on the material combination, roughness and flatness.
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Functional principle

Structure of 3M™ Friction Shim surface
with diamonds embedded in nickel matrix

Mating surface after joining
and disassembling
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Functional properties

* Typical properties, not for specification purposes
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How to select the right grade->
Depending on the roughness of mating surfaces

Grade 10

Grade 25

Grade 35 

Roughness 

of mating surface

Rz < 5.0 μm, Ra < 1.0 µm

Rz < 12.5 μm, Ra < 2.5 µm

Rz < 17.0 μm, Ra < 3.5 µm

20 μm
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3M™ Friction Shims: Examples of coefficients of static friction

Note: For application specific data tests need to be carried out with test specimens 
made out of component representative material and surface machining.
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Proven long term durability for several material combinations

The effect of a dynamic preloading (107

load cycles with up to 80 % of maximum 
torque) is very limited and depends on 
contact materials. In some cases, in 
particular when softer materials are the 
counterparts, a slight increase in static 
friction coefficient has been found.
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3M™ Friction Shims: Typical specification
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Parts within a Robotic System with Potential Requirement of 
Friction Enhancement

Wrist End-effector

Grippers
Joints/ links
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Application in Robotics  / End Applications
Systems in which 3MTM Friction Shims can be used

End-Application Areas 

• Higher vibrations cause the need 
for more friction.

• Friction shims offer a high safety 
buffer.

High vibrations

• For small-spaced environments small 
robots (payload capacity between 0.5 kg 
and 3 kg) 

• The wrist area needs more compact 
design as compared to the robot-base. 
The wrist has to be small in size to get 
good access to the application area.

• Friction shims enable smaller design size 
contact area and therefore smaller part 
dimensions.

Small-spaced surroundings in work area of robot

• For fast movement of robotic 
arms in various directions, low 
masses and low inertia are 
desired.

• Friction shims enable smaller 
design size contact area and 
therefore smaller part 
dimensions.

Fast movements/ accelerations
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Warranty, Limited Remedy, and Disclaimer:  Many factors beyond 3M’s control and uniquely within user’s 

knowledge and control can affect the use and performance of a 3M product in a particular application.  User is solely 

responsible for evaluating the 3M product and determining whether it is fit for a particular purpose and suitable for user’s 

method of application.  User is solely responsible for evaluating third party intellectual property rights and for ensuring that

user’s use of 3M product does not violate any third party intellectual property rights.  Unless a different warranty is 

specifically stated in the applicable product literature or packaging insert, 3M warrants that each 3M product meets the 

applicable 3M product specification at the time 3M ships the product.  3M MAKES NO OTHER WARRANTIES OR 

CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION 

OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR ANY IMPLIED WARRANTY OF NON-

INFRINGEMENT OR ANY IMPLIED WARRANTY OR CONDITION ARISING OUT OF A COURSE OF DEALING, CUSTOM 

OR USAGE OF TRADE.  If the 3M product does not conform to this warranty, then the sole and exclusive remedy is, at 3M’s 

option, replacement of the 3M product or refund of the purchase price.  

Limitation of Liability: Except where prohibited by law, 3M will not be liable for any loss or damages arising from 

the 3M product, whether direct, indirect, special, incidental or consequential, regardless of the legal theory asserted, 

including warranty, contract, negligence or strict liability.

Technical Information: Technical information, recommendations, and other statements contained in this 

document or provided by 3M personnel are based on tests or experience that 3M believes are reliable, but the accuracy or 

completeness of such information is not guaranteed.  Such information is intended for persons with knowledge and 

technical skills sufficient to assess and apply their own informed judgment to the information.  No license under any 3M or 

third party intellectual property rights is granted or implied with this information.


