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STRESS RELAXATION
Can your connectors
handle the heat?
– A brief discussion
of the causes, effects,
and prevention of
stress relaxation.

This edition of Technical Tidbits discusses stress relaxation. This issue was briefly
discussed way back in Issue Number 12 – over six years ago. So it is time (perhaps
even overdue) to discuss it in greater detail.
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you are not careful with your material selection. Here is how not to send your contacts to a spa day.
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The next issue of Technical Tidbits
will discuss testing a material’s
resistance to stress relaxation.

Figure 1. Schematic of What Happens During Stress Relaxation. The dashed blue line
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If the stress in the deflected socket contact
is less than the elastic limit of its base
material, then all of the strain is fully elastic,
which means it is fully recoverable when the
load is removed. This means that when the
pin is removed from the socket, the socket
will return to its original shape. However, if
the stress exceeds the yield strength, (the
strain is greater than the maximum possible
amount of elastic strain), the additional
strain will be plastic strain, which will not
recover when the load is removed, resulting
in permanent deformation of the socket.
Stress relaxation is a thermomechanical
phenomenon where elastic strain is slowly
converted to plastic strain, even at stress levels far below the yield strength. Since contact
force is generated only by the elastic strain
and not by plastic strain, stress relaxation
results in a continual decay in contact force.
This slowly increases the resistance of the
contact interface, leading to degradation of
the contact interface, loss of signal integrity
and reduced reliability.
Since the contact force will decay over time
due to stress relaxation, the initial design
normal force must be increased to allow for
adequate force at end of life. The normal
force must be increased by an amount equal
to the expected loss in contact force over
the desired lifetime of the connector. Higher
initial normal force means additional plating wear, and increased connector mating
force. Early plating wear can lead to reduced
reliability. Increased connector mating force
latter could be a problem for mating con-

nectors with a large number of contacts, as
ergonomic regulations specify a maximum
permissible mating force (usually 75 N in
North American automotive applications).
Stress relaxation:
• Decreases normal force
• Increases permanent set
• Decreases vibration resistance
• Increases fretting corrosion
• Increases contact resistance
• Decreases reliability
Greater resistance to stress relaxation
implies:
• Increased reliability
• Lower initial normal force required
• Lower insertion force
The amount of stress relaxation is a function
of time, temperature, and initial stress
level (both applied stress and residual
stress). However, the particular alloy and
temper used as well as the material orientation also play a role. Different materials
will show differing amounts of stress relaxation under the same circumstances. Alloys
that are heat treated to final strength level
typically have better stress relaxation
resistance than those that are strengthened only by cold work. For alloys that are
not heat treated prior to use, a stress relief
heat treatment may improve the stress relaxation resistance, but not to the degree that
you would get in a fully heat treated alloy.
Materials that are age hardened after forming
have greater stress relaxation resistance than
those that are heat treated and then formed.

Within a given alloy system, different tempers will also have different susceptibilities to
stress relaxation, depending on the amount
of cold work and heat treatment applied.
Also, materials and tempers that are highly
anisotropic (directional) in nature may relax
differently depending on how the parts are
oriented. Therefore, it is critical to understand which way parts will be laid out when
stamping them.
Materials with better stress relaxation resistance will require less initial design normal
force, and can reliably operate at higher temperatures than those that relax easily. Stress
relaxation resistance cannot be inferred from
basic material properties – it is a fundamental
material property which must be tested separately (more on this in next month’s edition
of Technical Tidbits).

Written by Mike Gedeon of Materion
Performance Alloys Marketing Department.
Mr. Gedeon’s primary focus is on electronic
strip for the automotive, telecom, and
computer markets with emphasis on
application development..
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Handling copper beryllium in solid form
poses no special health risk. Like many
industrial materials, beryllium-containing
materials may pose a health risk if
recommended safe handling practices
are not followed. Inhalation of airborne
beryllium may cause a serious lung disorder
in susceptible individuals. The Occupational
Safety and Health Administration (OSHA)
has set mandatory limits on occupational
respiratory exposures. Read and follow the
guidance in the Material Safety Data Sheet
(MSDS) before working with this material.
For additional information on safe handling
practices or technical data on copper
beryllium, contact Materion Performance
Alloys or your local representative.

