This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed

in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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2 1 |s 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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Eads bridge, St. Louis ca. 1874 Eads bridge, St. Louis 2012



Evidence of room temperature time dependent deformation
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Figure 4.4: Stress Relaxation Results




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 EBE 1. STRESS RELIEVE AFTER FORMING. ANNEAL
F{:\ER\CA‘\'ED FROM MATERIAL WITH FINISHED PART FOR 30 MIN X5 MIN AT 800°
= &

SAME HEAT NUMBER., IN A +25°F,
SINGLE SET-UR 2. PASSIVATE PER 990430I.
3. SEE 553231334 FOR ADDITIONAL WORKMANSHIP
[E=>sPRING ENDS TO BE FULL LOOPs DAMETER REQUIREMENTS.
SHOWN, WITH LOOP ENDING 270%/3260° FROM
START OF LOOP 4. PARTS 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 EXTENUS TO THE
CENTLERLING OF THE HOOK.

EXTENSION SPRING DATA

MATERIAL SIZE .0083/0077 DIA
OUTSIDE DIA .0e8/.0s8
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.| 73.4/66.6GM AT .416IN(252/2.35 OZ. REF)
LOAD NO.2 120.2/108.8GM AT .SOOIN (4.24/384 OZ. REF)
SPRING RATE 18.66 OZ/IN REF
INITIAL TENSION :
MAX EXTENDED LENGTH W/O SET
TYPE OF LOAD IMPACT

.53 0Z APPROX

Box R 2PL
032 MAX 4 PL—
(APPLIES IN AREA OF 312 DIM)

|||||||||||||||

origiwn!

EXTENSION SPRING DATA

MATERIAL SIZE 0083/0077 D\A
OUTSIDE DIA .068/.098

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

LOAD NO.| 73.4/66.6GM AT .416IN (259/2.35 0z, REF)
LOAD NO.2 120.,2/i08.8 GM AT .SO0IN (4.24/2.84 OZ. REF)

SPRING RATE 18.66 OZ/IN REF
INITIAL TENSION . .53 0Z APPROX
MAX EXTENDED LENGTH W/O SET ———

TYPE OF LOAD IMPACT




5 I Spring design can be susceptible to room temperature creep
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Mechanisms of creep and stress relaxation

\
Diffusion based
> Nabarro-Herring — through grains — Definitely high temperature mechanisms
> Coble — along grain boundaries - |
Dislocation creep — at high stresses T ]
° Dislocation Climb

> Hatper-Dotn — High temperature mechanisms, but maybe low too?

Solute drag — dislocation and diffusional flow
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How to accelerate spring aging?

Increase the stress

Increase the temperature < 0.4 melt temperature (Homologous temperature)

Temperature (°C)

Room temperature
70°C
100°C
170°C
205°C

Homologous temperature

17-7 PH
0.18
0.21
0.22
0.26
0.29

303
0.18
0.21
0.22
0.26
0.29
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How to measure tiny displacements

Minimize experimental variation
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9 | 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

° 303 stainless steel tension spring
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Results from |17-7 PH compression springs — free length at various

11 temperatures

CS-1 : Control Set at Ambient
Change in Load at 0.575 & 0.445 Design Lengths
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Results from |17-7 PH compression springs — Height 2 at various
12 | temperatures

H1-RT-2 : Aging at Ambient, 0.575 Length H2-100C-2 : Aging at 100°C, 0.445 Length
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Results from 17-7 PH compression springs — Solid height at various

temperatures

Load at Design Positions (Ibf)

SH-RT-1 : Aging at Ambient, 0.395 'Solid Height'
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14 I | 7-7 compression springs results summary

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. |



Spring Type 309368 Lot: 052318, Spring ID #046
Aging 268 Days at 0.570inch Length at 205°C
15 I 303 stainless steel tension spring 12
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4.00 1 S
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Spring Length (inch)
------- Lower Limit = = = Upper Limit
s 309368-046 (5) DO, Cycle # 3: Springload ——— 309368-046 [7) D29, Cycle # 3: SpringLoad
309368-046 (8) D99, Cycle # 3: SpringLoad 309368-046 (9) D184, Cycle # 3: SpringLoad
309368-046 (10) D268, Cycle # 3: Springload —=---309353-046 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-046 (7) D29, Cycle # 3: fit Spring Rate -====309368-046 (8) D99, Cycle # 3: fit Spring Rate
----- 309368-046 (9) D184, Cycle # 3: fit Spring Rate =====309368-046 (10) D268, Cycle # 3: fit Spring Rate
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303 stainless steel 268 days aging results — ambient temperature

Spring Load (ozf)

Spring Type 309368 Lot: 052318, Spring ID #005
Aging 268 Days at Free-Length at Ambient

5.00 19.00
as0 " 1380
400 - - 1860
350 " 1840
3.00 18.20
i )/ o 1
| P '.'
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17.80

Spring Rate (ozf/inch)
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Spring Length (inch)
------- Lower Limit = = = Upper Limit

s 309368-005 (5) DO, Cycle # 3: SpringLoad
——— 309368-005 (8) D99, Cycle # 3: SpringLoad
309368-005 (10) D268, Cycle # 3: Springload
----- 309368-005 (7) D29, Cycle # 3: fit Spring Rate
----- 309368-005 (9) D184, Cycle # 3: fit Spring Rate

———309368-005 (7) D29, Cycle # 3: SpringLoad
— 309368-005 (9) D184, Cycle # 3: SpringLoad
----- 309368-005 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-005 (8) D99, Cycle # 3: fit Spring Rate
----- 309368-005 (10) D268, Cycle # 3: fit Spring Rate

Spring Load (ozf)

Spring Type 309368 Lot: 052318, Spring ID #008
Aging 268 Days at 0.500 inch Length at Ambient
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——— 309368-008 (7) D29, Cyde # 3: Springload
——— 309368-008 (9) D184, Cycle # 3: SpringLoad
----- 309368-008 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-008 (8) D99, Cydle # 3: fit Spring Rate
----- 309368-008 (10) D268, Cycle # 3: fit Spring Rate

------- Lower Limit

s 309368-008 (5) DO, Cycle # 3: Springload
— 309368-008 (8) D99, Cycle # 3: SpringLoad
309368-008 (10) D268, Cyde # 3: SpringLoad
----- 309368-008 (7) D29, Cycle # 3: fit Spring Rate
----- 309368-008 (9) D184, Cycle # 3: fit Spring Rate

Spring Load (ozf)
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3.50

Spring Type 309368 Lot: 052318, Spring ID #010
Aging 268 Days at 0.570inch Length at Ambient
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wm309368-010 (5) DO, Cycle # 3: Springload
—— 309368-010 (8) D99, Cycle # 3: SpringLoad
309368-010 (10) D268, Cycle # 3: Springload
----- 309368-010 (7) D29, Cycle # 3: fit Spring Rate
----- 309368-010 (9) D184, Cycle # 3: fit Spring Rate
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— 309368-010 (9) D184, Cycle # 3: SpringLoad
----- 309368-010 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-010 (8) D99, Cycle # 3: fit Spring Rate
----- 309368-010 (10) D268, Cycle # 3: fit Spring Rate

Spring Rate (ozf/inch)

Free length

Length 2

Length 3
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Spring Load (ozf)

7 | 303 stainless steel 268 days aging results — 205°C

Spring Type 309368 Lot: 052318, Spring ID #039
Aging 268 Days at Free-Length at 205°C
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17.00
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----- 309368-039 [7) DZ9, Cyche § 3: it Spring Rate
=nmns 09368-059 () D184, Cycle § 3: fit Spring Rate

Free length

Spring Rate {ozf/inch)

---- 309568009 (10) D26K, Cycle i 5: 6t Spring Rate

Spring Load (ozf)

Spring Type 309368 Lot: 052318, Spring ID #043
Aging 268 Days at 0.500 inch Length at 205°C
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------- Lower Limit = = = Upper Limit
s 309368-043 (5) DO, Cycle # 3: SpringLoad ——— 309368-043 (7) D29, Cydle # 3: Springload
~——— 309368-043 (8) D99, Cycle # 3: SpringLoad ——— 309368-043 (9) D184, Cycle # 3: SpringLoad
—— 309368-043 (10) D268, Cycdle # 3: Springload =~ ===~~~ 309368-043 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-043 (7) D29, Cycle # 3: fit Spring Rate =====309368-043 (8) D99, Cycle # 3: fit Spring Rate
----- 309368-043 (9) D184, Cycle # 3: fit Spring Rate ~====309368-043 (10) D268, Cyde # 3: fit Spring Rate

Length 2

Spring Load (ozf)

Spring Type 309368 Lot: 052318, Spring ID #046
Aging 268 Days at 0.570 inch Length at 205°C
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s 309368-046 (5) DO, Cycle # 3: Springload
——— 309368-046 (8) D99, Cycle # 3: SpringLoad
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----- 309368-046 (7) D29, Cycle # 3: fit Spring Rate
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— 309368-046 (9) D184, Cycle # 3: Springload
----- 309368-046 (5) DO, Cycle # 3: fit Spring Rate
----- 309368-046 (8) D99, Cycle # 3: fit Spring Rate
----- 309368-046 (10) D268, Cycle # 3: fit Spring Rate

Spring Rate (ozf/inch)
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303 stainless steel 268 days aging results — Position 2

Spring Load (ozf)

Spring Type 309368 Lot: 052318, Spring ID #008
Aging 268 Days at 0.500 inch Length at Ambient
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Spring Length (inch)

= = = Upper Limit

——— 309368-008 (7) D29, Cycle # 3: Spring

——— 309368-008 (9) D184, Cycle # 3: Sprit

------- Lower Limit
e 309368-008 (5) DO, Cycle # 3: SpringLoad
——309368-008 (8) D99, Cycle # 3: Springload

309368-008 (10) D268, Cycle # 3: Springload ~ =-=-- 309368-008 (5) DO, Cycle # 3: fit Spri
----- 309368-008 (7) D29, Cycle # 3: fit Spring Rate ---~-309368-008 (8) D99, Cycle # 3: fit Spr
----- 309368-008 (9) D184, Cycle # 3: fit Spring Rate ~ =====309368-008 (10) D268, Cycle # 3: fit !

Spring Load (ozf)

5.00

450

4.00

3.50

3.00

2.50

2.00

150

1.00

s 309368-024 (5) DO, Cycle # 3: SpringLoad
——309368-024 (8) D99, Cycle # 3: SpringLoad

Spring Type 309368 Lot: 052318, Spring ID #024
Aging 268 Days at 0.500 inch Length at 100°C

HH

HH b

PPF PP IS L PP PEL PP PSP
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Spring Length (inch)
= = = Upper Limit

———309368-024 (7) D29, Cydle # 3: Spring
— 309368-022 (9) D184, Cycle # 3: Sprit

309368-024 (10) D268, Cycle # 3: Springload ==~~~ 309368-024 (5) DO, Cycle # 3: it Spril
309368-024 (7) D29, Cycle # 3: fit Spring Rate -309368-024 (8) D99, Cydle # 3: fit Spr
309368-022 (9) D184, Cycle # 3: fit Spring Rate ===~~~ 309368-024 (10) D268, Cycle # 3: it !

Spring Load (ozf)

5.00

450

4.00

3.50

3.00

2.50

150

1.00

050

0.00

0"’9 Q’* Q’a ?

s 309368-031 (5) DO, Cycle # 3: Springload
——— 309368-031 (8) D99, Cycle # 3: Springload
———309368-031 (10) D268, Cydle # 3: Springload
309368-031 (7) D29, Cycle # 3: fit Spring Rate
309368-031 (9) D184, Cycle # 3: fit Spring Rate ~ ===== 309368-031 (10) D268, Cyde # 3: fit !

Spring Type 309368 Lot: 052318, Spring ID #031
Aging 268 Days at 0.500 inch Length at 170°C

Spring Load (ozf)

Forre
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Spring Length (inch)
= = = Upper Limit

~———309368-031 (7) D29, Cydle # 3: Spring
— 309368-031 (9) D184, Cycle # 3: Spri
309368-031 (S) DO, Cycle # 3: fit Spri
309368-031 (8) D99, Cydle # 3: fit Spi

5.00

450

4.00

3.50

3.00

2.50

150

0.50

0.00

s

s 309368-043 (5) DO, Cycle # 3: SpringLoad
——— 309368-043 (8) D99, Cycle # 3: SpringLoad

Spring Type 309368 Lot: 052318, Spring ID #043
Aging 268 Days at 0.500 inch Length at 205°C
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Spring Length (inch)

= = = Upper Limit

——— 309368-043 (7) D29, Cydle # 3: Sprin,
——— 309368-043 (9) D184, Cycle # 3: Spri

———309368-043 (10) D268, Cycle # 3: Springload ~ ~==-- 309368-043 (5) DO, Cycle # 3: fit Spri

309368-043 (7) D29, Cycle # 3: fit Spring Rate -
309368-043 (9) D184, Cycle # 3: fit Spring Rate ~ ===== 309368-043 (10) D268, Cyde # 3: fit

--309368-043 (8) D99, Cycle # 3: fit Spy

Ambient

100°C

170°C

205°C
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303 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.
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We have determined stress and temperature boundaries for onset of low temperature creep in 303
and 17-7 springs.

303 extension springs 17-7 compression springs
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