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Is stress relaxation/creep at room temperature really a problem!?

Over 144 years, creep of chrome steel to failure at ambient St. Louis temperature has not been
an issue.
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Evidence of room temperature time dependent deformation
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4 1 Spring design can be susceptible to room temperature creep
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High fraction of yield
Small changes in spring dimensions can have large effect on force.

Springs are known to “take a set”.
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Stress state is complicated — generally torsion, some mixed.
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5

Spring design

Springs typically sit at one position in the mechanism, then move to a second position to provide

force during actuation.

NOTES
5. EACH LOT OF SPRINGS IS TO EE 1. STRESS RELIEVE AFTER FORMING. ANNEAL
FABRICATED FROM MATERIAL WITH FINISHED PART FOR 30 MIN £ 15 MIN AT 800°
THE SAME HEAT NUMBER, IN A +25°F,

SINGLE SET-UR 2. PASSIVATE PER 990430l
e 3. SEE S523/834 FOR ADDITIONAL WORKMANSHIP
[E=>SPRING ENDS TO BE FULL LOOPs DAMETER HEQUIREMENTS.
SHOWN, WITH LOOP ENDING 270%/360° FROM
START OF LOOP 4. FARTS TO BE ISOLATED WHEN PACKAGED.

7. BLASTING SHOULD ONLY BC PERFORMED ON
AN AREA WHICH BEGING AT THE CUT OFF
END OF THE HOOK AND EXTENUDS TO THE
CENTERLING OF THE HOOK.
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EXTENSION SPRING DATA

MATERIAL SIZE .0083/0077 DI\A
OUTSIDE DIA .068/.058
FREE LENGTH INSIDE HOOKS AS SHOWN
LENGTH OVER COILS .216 APPROX
DIRECTION OF COIL. OPTIONAL
TOTAL COILS 26 APPROX
TYPE OF ENDS AS SHOWN

RELATIVE POSITION OF ENDS IN LINE WITHIN 30°
LOAD NO.1 73.4/66.6GM AT .416IN (252/2.35 02. REF)
LOAD NO.2 120.2/108.8 GM AT .SOOIN (4.24/384 OZ. REF)
SPRING RATE 18.66 0Z/IN REF
INITIAL TENSION .53 0Z APPROX
MAX EXTENDED LENGTH W/O SET
TYPE OF LOAD IMPACT

VAT T

organl

EXTENSION SPRING DATA

MATERIAL SIZE .0083/0077 OD\A
OUTSIDE DIA 068/.058

FREE LENGTH INSIDE HOOKS AS SHUWN
LENGTH OVER COILS .216 APPROX
DIRECTION OF COIL OPTIONAL
TOTAL COILS 26 APPROX
TYPE OF ENDS AS SHOWN
REILATIVE POSITION OF ENDS IN LINE WITHIN 30°

LOAD NO.| 73.4/66.6GM AT .416IN (259/2.35 02. REF)
LOAD NO.2 120.2/108.8 GM AT .S00IN (4.74/3.84 OZ. REF)

SPRING RATE i8.66 0Z/IN REF
INITIAL TENSION . .53 0Z APPROX
MAX EXTENDED LENGTH W/O SET ————
TYPE OF LOAD IMPACT




6 I How to accelerate spring aging!?

Increase the stress

Length Temperature (°C) Number Length Temperature (°C) Number
Increase the temperature < 0.4 melt temperature Free ARDISIE # Free AmBIent 3
(Homologous temperature) Free 70 1 Free 70 2
Free 100 1 Free 100 2
Free 170 1 Free 170 2
Length 1 Ambient 2 Length 2 Ambient 3
Room temperature 0.18 Length 2 Ambient 4 Length 2 70 2
70°C 0.21 Length 2 70 2 Length 2 100 2
Length 2 100 Z Length 2 170 Z
100°C 0.22 Solid Height Ambient 2 Length 2 205 2
5 Solid Height 70 2 Length 3 Ambient 3
170°C 0.26 Solid Height 100 3 Length 3 70 2
205°C 0.29 Solid Height 170 1 Length 3 100 2
Length 3 170 2
Length 3 205 2




7 1 How to measure tiny displacements

CS-10 (8) 205°C Day 71: Cycle Time History with Quad Fit Error: Full Length
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8 | Variability in data — how much property change can we reliably detect?

Spring Type 309368 Lot: 052318, Spring ID #046
Aging 268 Days at 0.570inch Length at 205°C
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* ¢+ 4 4 | o @
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Example of data — |7-7 compression spring at ambient temperature,
9 I solid height, 390 days

SH-RT-1 : Aging at Ambient, 0.395 'Solid Height'
Change in Load at 0.575 & 0.445 Design Lengths
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Results from 17-7 PH compression springs — free length at various

10 temperatures

CS-1: Control Set at Ambient
Change in Load at 0.575 & 0.445 Design Lengths
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CS-9 : Control Set at Ambient, Aging at 170°C
Change in Load at 0.575 & 0.445 Design Lengths
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CS-10 : Control Set at Ambient, Aging at 205°C
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Results from 17-7 PH compression springs — Height 2 at various
11 1 temperatures

H2-RT-1 : Aging at Ambient, 0.445 Length H2-100C-2 : Aging at 100°C, 0.445 Length
Change in Load at 0.575 & 0.445 Design Lengths Change in Load at 0.575 & 0.445 Design Lengths
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Results from 17-7 PH compression springs — Solid height at various

12 temperatures

SH-RT-1 : Aging at Ambient, 0.395 'Solid Height'
Change in Load at 0.575 & 0.445 Design Lengths
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SH-100C-15 : Aging at 100°C, 0.395 'Solid Height'
Change in Load at 0.575 & 0.445 Design Lengths
2.000

1.900

1.800

g

g

g

8

Hﬁ/\/‘

8

Load at Design Positions (lbf)
g

g

1.000
Q4O O D A D O O Q S & N O
PO RPN
In Situ Interval (days)

—©-Load @ Length 1 —-Load @ Length 2

0.0200

0.0160

0.0120

0.0080

- 0.0040

0.0000

-0.0040

-0.0080

-0.0120

-0.0160

-0.0200

Load Change from Day Zero (lbf)

——Load @ Length 1: Change ——Load @ Length 2: Change

2.000

1.800

Load at Design Positions (lbf)
EE E E B
8 8 8 8 8

g

5
8

SH-170C-1 : Aging at 170°C, 0.395 'Solid Height'
Change in Load at 0.575 & 0.445 Design Lengths
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13 1 17-7 cold worked spring microstructure

17-7 CH 900 — cold worked, followed by precipitation hardening. Martensitic microstructure.
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Spring ID: #046, L3-205C-1
Conditions: Length 3 @ 205C
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: : ¥ |
Multiple tests plotted in each data set. 375 1 7 89 j }éjaayyss
350 [
Clear change in the initial tension with aging. 395 i 68 days
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15 I 302 stainless steel 365 days aging results — ambient temperature

Spring ID: #005, CS-RT-4 Spring ID: #008, L2-RT-1 Spring ID: #010, L3-RT-1
Conditions: Free @ Ambient Conditions: Length 2 @ Ambient Conditions: Length 3 @ Ambient
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16 I 302 stainless steel 365 days aging results — 205°C

Spring ID: #039, CS-205C-1 Spring ID: #043, L2-205C-1 Spring ID: #046, L3-205C-1
Conditions: Free @ 205C Conditions: Length 2 @ 205C Conditions: Length 3 @ 205C
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302 stainless steel 365 days aging results — Position 2
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Spring ID: #008, L2-RT-1
Conditions: Length 2 @ Ambient

Spring ID: #024, L2-100C-1
Conditions: Length 2 @ 100C
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Spring ID: #031, L2-170C-1
Conditions: Length 2 @ 170C
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Spring ID: #043, L2-205C-1
Conditions: Length 2 @ 205C
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302 cold worked microstructure

Martensitic, hard to etch well or image with channeling contrast.
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Spring length (in)

Overall summary

We have determined stress and temperature boundaries for onset of low temperature creep in 302
and 17-7 springs.
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20 I Life prediction

302 tension spring 17-7 PH compression spring
Spring Relaxation Speculator: 30 Years : P .
A0B00% 3 Position 2 at room temperature . Spring Reﬁé?gmSzpez:g%o(;h?;ot\éer?;;s)erature
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21 I |7-7 compression springs results summary E.:

Springs at elevated temperatures of 170°C and 205°C do change shape — at 205°C they get longer if

unconstrained — evidence of residual stress relaxation.

Springs at 100°C and room temperature only change shape if they’re held at solid height.

Conclusion: It 1s not expected that the compression springs will experience any significant stress
relaxation over a period of 30 years if kept below 100°C and 1n either height 1 or height 2 position.
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302 results summary

Springs under stress appear to change spring constant at room temperature, even at Length 2.
Springs at high temperature appear to change spring constant even at free length.

Initial tension does not change in springs at free length at any temperature.

Initial tension changes some at 0.57 inches at ambient and at 100°C and 0.5 inch.

Conclusion: For normal aging conditions (Position 1 and Ambient temperature) we do not observe any
changes.
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Mechanisms of creep and stress relaxation

Diftusion (vacancy) based
> Nabarro-Herring — through grains

> Coble — along grain boundaries

Dislocation creep — at high stresses
° Dislocation Climb

Harper-Dorn — low stresses, large grain sizes - 2¢?

Solute drag — dislocation and diffusional flow

— Definitely high temperature mechanisms

___ High temperature mechanisms, but maybe low too?

i




24 1 Particular springs tested and motivation

Piston springs
° Potential spring performance degradation concern

° 17-7 PH compression spring

Timing springs
° In many systems, and potential for spring performance degradation

° 302 stainless steel tension spring




