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The simple way to predict the stress relaxation of a component is  
to perform a finite element analysis to determine the stress level. 
Next, you need to determine the temperature 
that the part will be exposed to under normal 
service conditions. This would include both the 
ambient temperature and any potential internal 
heat generation due to resistive heating. Next, you 
would take a look at stress relaxation charts that 
are close to the temperature and initial stress level 
of interest, and interpolate/extrapolate the stress 
remaining at the desired end of life. Next, take that 
remaining stress percent and multiply by your initial 
contact force to get the end of life contact force. If it 
is above the minimum recommended value for your 
plating system, then hurrah! If not, then it’s time to 
go back to the drawing board with a new design or 
higher performance material.

Note that when using the graphical method 
described above to estimate stress relaxation, there 
are some simplifying assumptions that make this 
method a little less than perfectly accurate. For one, 
most stress relaxation charts are done at specific 
initial stress levels, usually 75% of the yield strength. 
Thanks to the prevalence of FEA, most parts are 
designed with stress levels much closer to, if not 
exceeding, the yield strength. Any residual stresses 
left in the part from forming or machining will also 
affect the initial stress level in unpredictable ways. 
Furthermore, the temperature rise may also be 
affected by the instantaneous normal force, so that 
as the material relaxes, the rate of internal heat 
generation also increases. 
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Figure 1. Comparison of Stress Relaxation for Common Connector Materials. 
Both charts show the same data two different ways. The initial stress level in all cases was 75% of the 
yield strength. The chart on the left shows the percent of the initial stress level left after 1000 hours 
exposure at the various temperatures. The chart on the right has been modified to show the actual 
stress remaining after 1000 hours exposure. This factors the different strength levels of each material 
into the evaluation, as 75% of the yield strength of brass or bronze is significantly less than 75% of the 
yield strength in copper beryllium and similar alloys.
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The next issue of Technical Tidbits 
will discuss the relationships between 
hardness and strength.

Now that we have the 
data, how do we use it? –  
A brief discussion of how 
to use stress relaxation 
data to compare and 
model various materials.

USING STRESS RELAXATION DATA

TECHNICALTIDBITS



MATERION PERFORMANCE ALLOYS

What this means is that in order to accurately predict the stress relaxation of a material over time, you  
need to know the stress state, the temperature, and the strain state at any given moment. Fortunately, finite 
element analysis programs allow you to do just that, by using methods to calculate the total creep strain 
(plastic strain due to stress relaxation or creep) and the creep strain rate (how quickly elastic strain is 
turning to plastic strain) at any given time using the appropriate constitutive equations. 

Here are some variables, physical constants and some example constitutive equations used in creep and 
stress relaxation analysis in finite element programs. (Any term not explicitly described on the left is a con-
stant, dependent on the material used).

• Creep Strain (εcr)

• Creep Strain Rate (ε ̇cr)
• Time (t)

• Temperature (T)

• Stress (σ)

• Activation Energy (Q)

• Boltzmann Constant (k)

• Ideal Gas Constant (R)

The latter two equations are most useful in our case, because they include the effect of instantaneous 
stress, time, and temperature. Note the Arrhenius relationship included in the equations to account  
for the effect of temperature.

For each equation, the constants described above 
would need to be derived for each alloy & tem-
per by means of multivariate curve fitting and 
algebraic manipulation, and maybe a little bit of 
calculus. Summer interns and recent university 
graduates who have fresh memories of upper level 
engineering mathematics come in very handy here. 
Thankfully, many advanced FEA programs have their 
own algorithms for curve fitting such data. All you 
have to do is plug in the numbers, and it the soft-
ware will churn out the appropriate constants.

There are a number of other equations, which 
omit one or more of the other variables above. 
For curve fitting purposes, one can use either or 
both creep and stress relaxation data. You simply 
need to use the particular constitutive equation 
that contains the variables for which you have data 
at multiple values. As more variables are covered, 
the predictive accuracy of the model will increase. 

A simpler relationship is of the form:  
σ_Remaining=A – B [ ln(t)]2, where the constants  
A and B would need to be curve fit for each unique 
alloy and temper, as well as for each unique tem-
perature. While easy to calculate, this does ignore 
the instantaneous stress and strain in the material, 
as well as any potential residual stress. This method, 
however, suffers from the same drawbacks as a 
purely graphical analysis.

For these equations, stress relaxation data that has 
been taken in tension would be most applicable, 
because the entire volume of material is theoretically 
at the same stress and strain, so that a curve fit can 
easily be derived for each instantaneous value of 
stress/strain. (If bending data are used, for example, it 
might take some trial and error to determine which 
stress level is appropriate for use in modelling).
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Please contact your local sales 
representative for further 
information on stress relaxation 
or other questions pertaining to 
Materion or our products.

Health and Safety 
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.

Sales  
+1.216.383.6800  
800.321.2076 
BrushAlloys@Materion.com

Technical Service  
+1.216.692.3108 
800.375.4205 
BrushAlloys-Info@Materion.com 

©2016 Materion Brush Inc.

TECHNICALTIDBITS

USING STRESS RELAXATION DATA (CONTINUED)


