Bending stress behavior in longitudinal, transverse, ‘z’ direction and torsional orientations.

In general, producers of connector alloys report mechanical properties including strength and relaxation
resistance in simple longitudinal or transverse orientations. In this study, the stress relaxation exposure
is described using ‘P’, the Larson Miller Parameter.

Many ‘real world’ beams experience stress in different orientations, including torsional and in the ‘2’ axis
direction (within the plane of the material manufacture).

The following study reveals the measured response to these stress modes on samples from different
alloys.

Samples were taken from:

e (52100 EH
e (17510 TMO4
e (17200 TMO4

Samples for each of the four orientations
were taken from each material by

S \g" stamping or shearing.
Q‘:}O (\00 V_Po,
<L 0&’ A The black arrows indicate the direction of
4 7 i\,‘_’ the sample deflection during testing,
considering the opposite end to be fixed as
¢ R a cantilever.
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Above image represents a possible configuration
for a ‘z’ axis spring contact.
At left, a spring operating in torsion is depicted.



For Longitudinal, Transverse and ‘Z’ axis testing, simple cantilever configurations were used.
The stress/deflection relationships were established according to the table and formula below:

d |Deflection Ap13
P |Force DEFLECTION (d) = ——
L |Beam length Et’b L —
E |Young's Modulus — P
b |Beam Width 3dEt -
t |Beam Thickness Stress [s) = JRREN :\:\3
5 |Stress 212 N 2 it
b
For Torsional configurations, the following were used to represent geometry and stress:
!
v
1.5 2 3 ] 10 (]
0.206 0.231 0.246 0.267 0.299 0.312 0.333
0.141 0.196 0.229 0.263 0.299 0.312 0.333

T Torgue

T max Max torsion stress T max = 3T/[2b)(2t)°

owand f  Geometric coeficients (see table)

t Beam Thickness

b Beam Width © = 3T/G(2b)(2t)*

o Twist Angle

L Torsion Section Length

G Torsion Modulus Tmax = 260t(k./k,)

f Beam length



Results for Longitudinal, Transverse and Z direction. Force vs Deflection:

C52100 EH CONTACT FORCE VS DEFLECTION
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The simple cantilever ‘Force vs Deflection” curves for C52100 EH suggest a slightly higher effective
modulus in the transverse orientation.

C17510 HM CONTACT FORCE VS DEFLECTION
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C17510 exhibits somewhat more isotropy. The ‘z’ axis seems slightly slower to develop stress.
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Alloy C17200 TMO04 exhibits nearly perfect isotropy among all 3 directions.

Results for permanent set after cantilever deflection:
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The rate at which permanent set develops is notably higher in the z direction.

The stress level on the x axis is the theoretical calculation from the elastic cantilever model
has a near linear correlation with deflection.

. It therefore



C17510 HM
PERMANENT SET VS APPLIED STRESS
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Even in C17510, the onset of permanent set in the ‘Z’ direction is comparatively premature.

C17200 HM PERMANENT SET VS APPLIED STRESS
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C17200 HM manages to suppress the onset of substantial permanent set in the ‘z’ direction much better
than C17510 and especially compared to C52100.



Permanent Set vs Shear Stress
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C17200 also exhibits better resistance to angular set after torsion stress is applied and released.

Results for Stress relaxation in each applied stress mode:

C52100 EH REMAINING STRESS VS P
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Stress relaxation for C52100 is relatively poor in torsion, transverse, and in ‘z’ directions.

An exposure at 212 F for 2000 hours is ~ P = 15.6. An exposure at 300F for 5000 hours is ~ P= 18



C17510 HM
REMAINING STRESS VS P
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C17510 exhibits much better overall stress relaxation resistance, yet Torsional, transverse and ‘Z’ axis
losses are more serious than longitudinal.

C17200 HM REMAINING STRESS VS P
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C17200 shows good resistance to stress relaxation with little difference between Longitudinal,
Transverse and ‘Z’ direction. However Torsional relaxation is still somewhat more serious.

CALCULATED MODULUS VS ORIENTATION
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Based on the elastic deflection behavior, the effective modulus was calculated for each material and
sample/stress orientation. The differences among C52100 are notable.
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This image depicts the decay of contact force due to torsional relaxation.



Summary:

Beam orientation with respect to the process direction has a notable influence on response to
stress and resistance to permanent set including room temperature deformation and stress
relaxation.

In general, all materials tested exhibited a more notable loss in contact force when the beam is
stressed in torsion, compared to other modes of deflection.

Among simple bending modes, the ‘2’ axis exhibited greater permanent set at a given stress
level than transverse or longitudinal orientations.

The major exception was C17200 TMO04, where T, L, and ‘Z’ were nearly equal.

The lower performance of C52100 compared to CuBe alloys is further accentuated in torsional
and ‘Z’ axis stress modes.



