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The purpose of this correspondence is to capture in the Project’s record system, the enclosed literature

on residual stress measurements from the Plasma Fusion Center of Massachusettes Institute of

Technology. It is expected that the data will be used as non-Q information to support the waste package
- PMR and the SCC AMRICN 1.
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Attached is ¢ CORRECTED COPY of the compilation of the residual siress
measurements made by Lambda Research, Inc. on samples of Incoloy 908 tubjng
furaished by MIT and Inco Alloys Intemationa), Inadvertently an fncomplets copy was
seat to you last week. To avoid confusion please discand the earlier eopy.
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ABSTRACT

In order to construct the ITER Model Cull sufely it was neoessary to insure thar no
SAGBO caused cracking would oceur in the Incoloy 908 conduits. To detarmine the
extent of the hazard and the effect of preventarve measures a varicty of samples were
sent to Lambda Research, Inc. in Cinelnnati, Ohio for measurement of the sesidual
surface stresscs, Depending on the provessing ia the fabrication of the sampies stresses
were found that conld he rigky to have in the sctinal conduit. Shot peening of the surface
- was found to produce: a safe cunpressive surface soess.

INTRODUCTION

~ Incoloy 908 is an alley thar was developed fointly by Inco Alloys Intemational,
Ine and MIT to use & ¢onduit for com%c;:ito Nb3Sa superconducting cables in CIC,
(Cable In Conduit), type conduetors. The alloy was wilored to have o coefficient of
thermal expansion that closely matched the CTE of composite NbaSn conductors 80 that
thermal stresses induced during cooldown would be limited and stress induced degtadtion
of the Nb3Sn current deasity wonld be minimized. '

The sensitivity of the atloy to cracking due to SAGRD, (stress assisted grain
boumlaay oxidation), and the catastrophic fallure that might result was the catalyst for
this testing program. Unfortunately, SAGB() aceurs §n the range of temperatures in
which a eonduttor is given the diffusion heat treatmsnt to form the Nb3Su. In addition o
the temperature requitement, there must be 2 minimum stress level and & minimum
amount of oxygen in the system for vravking to oocur. ,

- This program was devised to determine the stresses found in manufaccured
conduits and the effect of measures to raduce the sregses to _safe levels.

TEST PROGRAM

Pust of the testing was requested by IAH and part by MIT. All resulis aro
included. One difference beween the tests of these samples is that the transverse stress
was measured in the JALl samples, and the lonsimdina stresses were peaswed In the
MIT samples. ‘The list of samplex and test locations are chown in Tables [X and X,

The text procednre descibed in the following pages is oxcerpted from Lambde
Rescarch reponts, -
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TECHNIQUE

X-tay diffraction residual etress measurements ware made etthe curface and st a nomina! depth
01 0.5 mm. Maasurements were made in the longitudinal direction at the mig-ength and mig-
width on the outside gurtace and at a similar tocstion on the Inside eurface 00 dep. awsy,

Sectioning was necessary pror to the inside surfave x-ray diffraction residual stress
maagurements in order to provide accass for the incident and diffracied x<ay besms. The
outslde massuremants were made beforo sectloning the tube. Pdor to sectioning, a singie
electrical reslstance strain gage roxette was applied ot tha ingida measuromont kcation. The

total efrain relaxation which occurmad g5 @ resutt af sectioning was recordad after the sectioning
protess was completa, '

The eample was rocked through an anguiar range of £1.0 deg. around the mean psi angles

during measurerent to intograte the diffracted intenslty over more greine, minimizing the
infiuence of tha grain size,

X+4uy diffraction resldun! stress measurements were performed using 8 two-angle
gsine-gauared-ps! tachnique, in eesrdante with GE cprolficotion 4043105-891 and BAE J7684a.
employing the diffaction of manganese K-alpha radiation fram the (311) planes of the FCC
structure of the inanloy 00B. The diffraction peak engular positions at each of the psi tits
employed for maasursment were determined from the poshion of tho K-alpha 1 diffraction peak
separated from the superimposed K-alpha goublet essurning a Paarson VI function diffraction
peak profile in the high back-reflection region The diffmtted Intensity, peak breadth, and
position of the K-alpha 1 diffraction peak were determined by fitting the Pasraen Vil function
ponk profile by least squares reprassion sfter camection for the Lorentz polarization and
abzorplion effects ond for a nearly sloping background Intenshy.

Detalls of the diffractometar fixtuting are outhned balow:
incldent Beam Dlvergénca: 1.0 dag.

Datettor: 8i(L1) sot 10r 0% acceptance aof the
manganese K-alpha ansrgy
Psi Rotation: 10 to 60 deg. :
Iradisted Area: 5 mm x 2 mm (long &xis in the direction
: of measurement)

5.0 mm x 4.0 mm for all inslde dinmeter

locations and the outskie diamatar lacatians

on Epecimens TF2 Caompacied Xverse Weld #1 and
TF2 C38 Tuba Bent and Stralghtened

5.0 mm x 5.0 mm for gl other outside diamater
locatlons

6.0 mm x 0.5 mm for the comer locations.

Tha valus of the X-ray elastic eenstant, EA1 + v), required to caiculate the macroscopic resiauat
stress from the striin measured nomngl to the (311) planes of incoloy 608 was proviously
determined empirically ™ employing e simplo rectangular beam manufactured from Ingoloy 608

Lambxda Ressarch
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gerand

loadad In four-point bending on the diffraclomster 10 known siress levels and measuring the
reauiling change in the spacing of the (311) planes in accordance with ASTM E1426-91.

For the moasurementa performed during this Investigation, & was not possible to carvect the
results for the: effacts of panstration of the radiation employed for residual stress measuremant
into the subsurfaca gtress gradient. A surface und two subsurface measurements are nesded
to make the eomoetions. The magritude of the gradiant earrettion can be quite eiynificant,
particularly on machined or ground curfacss, and can even change the sign of surfacs resuits,

Material wag removed elcctrolytically for subsurface measurement, minimizing possible altaration
of the subsufface reaidual stresg distrbution as a result of materal removal.

The (311) diffraction peak width was calculated simuttaneously with the macroscopic residual
cress. The (311) diffraction peak width iy a sensitive function of tha chemistry, hardness, and
the degree to which the mateial has been cold worked. In marensitic staals, it la commonly
ebgorved that plastic deformation preducad by processes such es ehot peening or grinding will
cause work goftening, and a reduction in the peak width. In work hardendng materials, the
diffraction peak width incieuses significantly as a resutt of &n increase in the avarage microstrain
and the reducad crystalite sizo produced by ¢old working. The (311) diffraction peak widih can
be indicative of how the matenial may have basn procesaed, and the depth to which it hae been
plastically deformed.

The etrain relaxations were recorded g8 o rasult of sectisning each tube for residual strass
moasutement on the inside surface. These sirains were combined emplying Mohr's Circle for
8iraln {o calculate the maximum and minimum nommal princlpai residust stress relaxations, the
maximum shear elress, and the arientation of the maximum normal residusl stress ralaxation
direction defined by the angle phi, Phiis taken to be a positiva angla countarciackwiss from the
no. 1 refatence divection. The residual stress relaxations sesolved inn directions of straln
measurement were then caleulated from the principal rosidual etress reloxations. The strese
relaxations in the lonaituding! direction were batweaen +138 MPa and -138 MPa. The wido
varation in the stress ralaxation is probably & result of varying processing parameters In the
elaven tuber examined. '

The error ehown far each residual stress measyrement is one standard deviation resutting fion
random error i tha determination of the difiraction peak angular paaltiens and in the empirically
determined vakie of E/(1. ¢ v) In the <311> direction. An additional Eemlsystematic arror onthe
order of 2 kel (£14 MPo) may rosult from sample positioning and instrument alignment emors.
The magniiude of this systematic emror was monitored using @ powdarad matal zaro-girees
standard in accordance with ASTM spocification EB15, and fouma to be +11 MPa ksl duting the
cowrsa of thia invostigation.

REFERENQES.
(1) P.S. Prevey, Adv. in X-Ray Anal., Vol. 28, 1986, pp. 103-114.
(2) P.S. Prevey, Adv. in X-Ray Anal., Val, 20, 1877, pp. 345-354.

LogA ¥et 418 N3INTI NDISA b LI pa:8T BEET-PZ-170



WCI~24~19% W

MIT PLASMA FUSION CENTER

R17 753 PRA? P.GRAP

LaIRagaY epore

resy) "9t =+ “ZEOSHY  «in*1)/3 V) Z008BO"Y1 =08 (*DaDp) 9°0¢ =15d
I * -’--. ]-———0----]--*#—0-.!- vamaw] 1
“« i 9°LE
» ?°9¢
» i a1y
» L°h
2 I a'§§
» 1 M
’s TR
: l o- B¢
$°42
2°8}
1 T
1 9
| ik
b
i
” 586
3 ¢°0c
¥ 1 1
] I 8°81
*0d 1 24
3 1 4°91 -
* i 0°9Y
3 1 0°S1
* t ‘:gf
» § :!.'zt
1 1 S'"
3 1 *01
’ I vlg
] D
' 5§
» 9°¢
% 1§t
RE] 1 35
} ] g'l
. 3 ‘
. o
TR oo S Pt reouatart atamrt b alec - £33048
ty 5=301%) (875 tsp 2
9ico8018s (1122 806 Aotodu; £IP° 1Q0Y
‘—\
°°/‘éﬂ?y NDIAYNIWNALEE (A1) /3
§6.%0/707 T3 g£i2° 1000

*aur

*YJJeasoy vpnuen)




Lambda Resrarch.,

001,13 CALIBS.11 e 10/03/9%
E/ 114V DETERMINATION
. - £D .
6001.018 Intalor 0B (311) Szfee $S10003TL,
2TH ¢ 21K PsY bo P PSI DEL 2TH  DEL D STRESE
A 199,892  153.569  1.08825& 1.0841%5  1.654  =.004101 2.57
€ 14v,.88> 131,531  1.088274 1.0841V8  1.646  -.004070 2.56
€ 189.895 153.%46 1.088251 }1,084161 1,652  =.004090 2,99
B 349.90% 131,333  1.088z23 1.084192  1.428  -.008032 2.5%
€ 149.UB6  151.352  1.080277 1.0BM147 . {.é66  -.006125 2.9%
F 150001  181.465  1,007980 1,08433%  1.465  «,003625  17.49
G 149.973 131,493  1,088051 1.084366  1.480  ~.003445  17.%0
H  149.991 181.476 1.00800% 1,00434% 1.47% -.003440 17.%
[ 150.09% 184,200 1.087731 ),086B03  i.188  -.002938  §7.39%
J 180.10% 151,2B& 1.,08772% }1,0BQ7SY 1.185 -.002934 37.5%
K 150,108  150.271  1.087710 1.004825  1.147  -.002894  37.5%
L 150,110 15).270  1.00770a  1,084B08 1,168 = -,002096  37.33
M 150,162 133,280 1,0B7722 1.084B04 1,177  -.002919  37.8%
N 149,989 151,408 1.0B8010  1.084397  1.489  -.003813  17.%8
0 $49.974 151.43¢ 1.08804¢ },0044%1  1.G641  -.00340F  17.%%
P 149.97¢ 181,453  1.06804Z  1.0893B6 1,477  -.003638  17.%%
Slooe= 29808.7 *=- S70.8 (ksi/A)  Lambdse 3,101820 (A) Pgi= 50.0 (deq)
Pox 1.088007 (a) E/tlev)= 19032, == 344. (ksi) te= 1.9%)

Lambida Regearch
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Lambda Resaearch, Inc. :
&118.n0L - . PSTRAIN.12 10/787/95

CALCULATION OF PRINCIPAL AND REEOLVED STREBEEE FOR REC. ROSETTES
FRUDULUS OF ELABTICYITY = 2%.4 (X16~§ PEI) POISSON RATIO - .263

- wnemap oy *9 W GF 0 i bn @ - >y .- - W G e B in anun m Sn o

6114 Incoloy ¥00 an tube I.D. Lec. 1elirc
MEASURED STRAINS: Ele  1954. E2& 762, £3= -124. (X10-6)
DtnEfopM ﬂcsongg.gTREBS (KSI1) -t P?I (DEG)
2 r4-1% 130,
10.7 -83.
gz $7.7 (X81)

8 1)
STREGS= +~ 21,1 (X
¢ (DEG) : ! e

Lambda Research
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SAMPLES TESTED FROM MIT

These samples were seat for measurement of residual longitudinal surface and in
some cases, subsurfave, (0.25 to 0.Smm), residual swresses, While the measurement of
residusl stress was done only on the ourside on some samples, on others the residual
strasses were also measured on the id of the conduits, The CS tubes were made by
exuusion. Subsequently the initlal Ymc:durc wias 10 maching thern to size. Thig was
found unsatisfactory and in the finy groductiOn process the extruded tubes were drawn to
the final size. The TF wubes were made by rolling and welding followed by drawing to the
final size. The US/DPC tbing was also rolied and welded and then turksheaded to final
size. .

The first wxts were done on & sxmple of the US/DPC tubing s the condudt for the
US/DPC was successfully manufactured, formed into a coll, heat treated and tested with

no evidence of SAGBO cracking. A skerch of the US/DPC tubing is shown below and the
measurement eesults gre shows in Tobls 1,
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Figure 1. Incoloy G0B US-DPC Specimen
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TABLE]
US/DPC SAMPLR

LONGITUDINAL RESIDUAL STRESSES

Mid Length Locations
Speofmes -~ Logation EM Sub Surface  Surface Sub Surface
US/OPC SAMPLE
Weld Line +208 4 12 - 2.79 -
12454 128 284 -
toy,HERE12%* o 2.81 -
4 00327 +67%% - 3.09 -
Adl. weld fine R £ 19 . 3.65 -
2S5mm fromweld  +192 ¢ 14 - 3.51 -
SOmmfromweld 4363416 - 307 -
Corsier +158 £ 11 - 275 -
. S.0mm (side) 93410 - 2.84 -
2.Smm (side +192 ¢ 14 v s -
0.0mm (side +102 4 11 - 298 --
+127 £ 1044+ -~ 273 -

& Repeat 2 angle mensuwroment
«*s  Multi angle Sine2{psi) technique

TLBY'd  LBBD ESZ 415 UTINID NOISNH BWSH K LiW 94:¢81  966T~-P2-100



Becausc the PTT sample would be the first I'THR size conductor to be processed samples
of the round PTF tubes were tested, both a3 compacted mid as compacted and shot

peencd. .

PTF Sample As Compacted

LONGITUDINAL RESIDUAL STRESSES
Mid Length Letutions

Spreimen  Location

I'TF SAMPLE
AsComprcted  Odeg
: 9D deg
180 deg

Co: ted & 0deg
Shot Peened 90 dep
180 deg

CTrit'd P83 ESE 4T9

TABLEII

FTF SAMPLE

Residuul Srressen (MPa)

P
Snrface

44 £ 21
+7193 £ 23
+535 4 1%

201430
-892 £ 29
832428

Siib Surtzee
(0.5:nm)

+556 4 16
+481% 14
+5384 15

+420+13
+H08 + 12

C+418 + 28

HAUINID NOIS 4 st Id 1IW

i

~Hao
180 42 Y130

Compacted & Shot Peened

Beak Width (deg)
iface 0
(0.5mm)
2.81 1.54
254 145
253 1.55
393 133
373 131
4.09 145

©2:81 S861-~42-IN



e musjurity of gamples that wera measured were cut from CS tubes. The first tests wese

[« o |

lonic on Stage 1 tubes that hed been manufactured tzy machining the exyrusion to size
rather than drawing the extusion thraugh a series of dies to teduge it to the final size.. "
. o ‘\' n 4 rodtctd "l
This dam is for e5 early Stage 1 tube machined 1o size, mEJﬁM
stresses at the surface as can be scen from thedaadn Table Bk 4ad
a T ot e Sluafee
L\ g ac_“f
~ J — wt
RLLL
- Omm
\. J
Conduit As Machinad
rer
o £ 3 ¥
a L € R \d
K ¢ o 8 o
4 - ) - W
\r— T
a4 s -LL] o:r;-“e
“WstoE : . Bens
oF Cot s . = O =
sent
10ant «
\. v,

- ! ! o

o "y 3

S T |

Rorron

Conduit Machined, Compacted end Bent
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TABLE 111

MACHINED CS CONDUIT

LONGITUDINAL RESIDUAL STRESSES
Mid Lensth Locations

Speeimen Logadon

AsMachined O mm (slde)

10 mm (side)

Comer

10 mm (top)
omm top)

Machined, 0 mm Ope**
Compacted & 10 mm OB
Bent~ 9m Red Corner OB

10 mm

IOmm

10 mm 1 R
OmmlB
10mm 1B

10 mm (bottom)
0 mm (botom)
10 mm (bottam)

.Sm;:_ Sub Surface S.BTEBDGS&IELS a0t

1882 + 27
+851 £ 27+

+1102 + 33
+1554 + 42
+1091 4 32

+926 + 31

+930 £ 30
+732426
+412 %20
+184 £ 15
<702 42§
+524 ¢+ 22
626424

51412
-116413

12112
36417
+603 + 23

¢ Repent two-anglc mehsurements
*«  Muold-angle Sine2(psl) technique

“s OB= Oum!dc of Bend
IB wInsids of Bend

g2/81°d B33 K62 L1

(O.Smm) Smm)
4-240 43 3.93 1.20
+267 £ 4* 39 120
4225 & 3¢ 1.20
+2763:58" 1.16
+208 & 10 3.7 1.08
+432 + 14 438 1.84
4284 4+ 10 402 1.23
+110%6 4.66 1.16
1244 4.0 1.27
1396 3.61 1.1
+13 4§ 401 1.42
+§+4 3.88 1.13
234 48 330 1.06
Gl £ 3 3.96 1.08
+14 4 4 3.73 1.26
+329 + 10 3.55 1.10
+356 £ 11 3.70 1.14
+259 %9 3.63 1.09
-1807 324 1.18
154 +7 390 1.14
+8 4 4 62 092

H3IN3D NOISNd UlBYd LiW

dB:16T  9RGT-F-100



The manufacturing procedure developed during Stuge 1 involved the drawing of the
extruded tubes to sfze and finishing with & mill anueal, 950°C). Values are shown below
for g, Stage 2, drawn, annesled and compucted CS1 tube and for g Stage 2 C52 tube as

- drawn and annealed, s compacted, bent and suaighicned and aficr & heat treatment at
650°C for 50 hours. The precipitation of gamma prime, which causes the sirength
increase occurs quite rapidly at 6509C to the 50 hour heat treatment was cxpected to
ghow the majority of the effect on ihic residus! siresses. Because some tubes were honed
to increase the id clegrance & honed tubs is also included. Transverse welds, (but welds), -
were also examined both bofore and eficr bending and saightening.

TABLE IV
CS TUBES - VARIOUS CONDITIONS

LONGITUDINAL RESIDUAL STRESSES

Mid Length Lacations
. e | ‘ _
Specimen Location gﬁﬂﬁiﬁ mugm Surface Sph Surface
(0.5mm ‘ 0.5mm)
CS1 TURE .
Compacted od mid wall 4347 £13 4221 48 193 134
+222 8% 1,39+
+2]7 £0* 1,374
id mid wall 271 48 360 %10 131 115
360 £10% 1.10%
CSZ TUBES
Drawn & od mid wall +51 47 +15226 180 059
Annealed  id mid wall 1208 6 -12646 101 092
'id Honed 1d mid wall 908 + 27 =196+ 6 347 0.96
Heat Treated  od mid wall 10948  +103x6 . 196 )OS
6500C/50 hry - _
Compacted, od Inside Dend +562 323 . +346+ 1) 405 123
Bent & id Inside Bend -3310 -80+5 295 122
Stnightencd
od Outside Bend 4366320 4101 +6 429 1.17
K Ouslde Bend - -132.4 17 3448 352 134
BonWeld  od Inside Bend +1454£13 425240 328 138
gcomxzcted. id Inside Bend 72410 14746 294  1.27
ot
Straightened od Outslde Bend  +127 413  +15847 341 %gg

id Quiside Bend . 3804 16 9546 3.28
* Repeat measurement : ,

TCrvitd 2082 EST 418 H3INSD NDISNZ vliSUd LIK 18t 956T-rT-100



- - e 0w

The following are the messurements taken on & compacted and beat tbe simulating the
conditlons in the oail, The sketch shows the Jocation of the measurements. Four samples
VL. Sabssquenly ties aples ortr v Congilt 60, Rep. Bl s Dot o

uenily three samples ¢ samt cohduit, 664, m, one a5 one
bent and shot peened and one bent and shot peened on outer mdius ealy were examined
on the od only. A skotch of the posidons where the residual stress was teasured {s shown
below. The measurement results are shown in Tables V and VI

TOP
Cisicminr of Band
T’uumr
. Disrnowr
Indidle Dimrrader
oltndTop — |
INSIDE
BEND Rand-Aldda )
T i
}
|
_L
Dotiexmringice
DiaMatwr of Beng

BOTTOM

. EEsSTd A8BP ESE 419 Y3INTD NDISN BSHd L1W 48:81 965T1-42-100



TABLEV

CS2 COMPACTED & BENT
1.ONGITUDINAL RESIDUAL STRESSES
Mid Length Locations
Residunl Siresses de
_Specimen Location Surfree &1% Snrface
(0.5mm) (0.5mm)

Compacted
&Bent
Re0.85m
id of Tuhe Inside Rend 2946 11247 161 18

Outside Bend 44 + 6 T+6 1.65 143
od of Tohe OR Rottom* 48 S84 6 234 132

OB Middic +289 1 14 ) 2.64 147

OB Top +1 46 1446 238 182

OBComer Top 2547 - <3644 200 146

Top Outside H8I+1T  +79%6 202 150
Top Middle 236413 +59 46 264 18]

Top Inside -596 + 19 3915 252 14
IBCornerTop  -263413 7046 230 136
IB Top 285414 +196+8 280 1M
IR Middle 272414 16748 281 13§
IB Butom 346415 +192+8 287 L7
Bottom Inside  -273 4 11 3745 1.81 1.35
Bottorn Middle 6748 2+S$ 220 147

Bottom Qutside  +75+ 8 <3245 1.96 147

o OB = Outside of Bend. 1B = Inslde of Bead

TE/9T°d  LPOB ESE &VS HIUNTD NOISNd BSUd LIK tsigl  Ybbi-Fe-doul



TABLE V1

EFFECT OF SHOT PEENING

lDNGIT UDI!\AL RESIDUAL STRESSES

Opprox mats Mid Length Locatlons -

Specimen  Location

Tube 64 (63) OB Bottom#*
QB Middle
OB Top

OB Corner Top

Top Outslde
Top Middle
Top Inside

IB Comer Top

IB Top
IB Middle
IB Botiom

Bottons Inside
Bottom Mijddle
Bortom Outside

Sample OB Bottom
Shot Pesned OB Middle
Outside of OB Tep
Hend Only

Surface Measurements Only

Residoal Stressas (MPR)

AsBent  Shot Peened

247 13
4149 -914 1 30
11247 -891 £ 29

+62 6 91 £ 30
+171 49 €44 4 30
11549 D54 4 31
-193+9 £87¢32
A4 508 £ 27

4847 877+ 29

747 L8514 29
018 886 £ 29

240+ 11 018 + 30
5247 934 + 30
+272¢ 12 -945 + 30
873129

£96 4 29

-829 + 28

. OB = Qutside Bend, IB = Inside Bend

ceAdrd B0 BESZ 230

HILINID HOIGNY BSHTd LIM

Peak Width (deg)
AsBent :
212 . Al9
2.40 49
197 4.08
119 429
1.84 4.15
2.23 422
1.74 445
127 3.64
209 3.95
206 405
2.19 404
1.90 4.07
1.85 4.00
16 4.00
3.99

211

409

0a:8% 9GGY #2 100



raeasurement data {s ehown below $n Table VI,

While tha majority of the work wag dons on CE tubing TT tubing was also examined, The

90 DEG.

TABLE VI
TF TUBES

138 DEG.

180 DFa&.

LONGITUDINAL RESIDUAL STRESSES

Speeimen Logstion
¥ SAMPLES

TE2 Sample Weld Line
Adj Weld line
450 from weld
900 from weld
1359 from weld
1809 from weld

TF2 compacted  od (°
Xverge weld od 900
(Buis Weli)

TF2compacted §d 0O
Xverse weld id 900

(Butt Weld)
TF1 compacied od O°
bent & od $0°
straightened

* 0.250m deep

ZesBtd L8B3 £SE 215

Mid Length locations

Residual Strenzes (MPa) Peak Width |
.SIIJI:.QL Sub Surfece  Strface Sub..%u

+187+9
414249
+243 4 10
+254 + 10
4240+ 10
+MB £ 13

«513 217
+474 £ 16

5713417
881423

-S174 18
194 4 8

474 £ 14%

+437 2 13¢

-325 49
492 4 12¢

165 4 B*
+140 47

N3INGD NOISNH HWSHd LIN

1.82
2.10

1.87
1.82
1.83
1.93

2.33
2.16

2.34
2562

2.70
216

1.38
1.38
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TABLE VIII
RESIDUAL STRESS MEASUREMENTS
TRANSVERSE DIRECTION
SAMPLES PROVIDED BY
INCO ALLOYS INTERNATIONAL, INC.
Heat _Condition Sire od Stress (MPa) , idSress (MP2)
odzid am s - = -
HWOS30CK Annealed S7x42mm  Corrse grained, no measurements -83 -4 383 97 366
Square
HWOS30CK  Drawn22% 53x41 -12 117 -34 #1310 +28 -166 262 248 234 324
{Cu Plated) Square - |
HWO0530CK Sunk X0% 48x36 193 228 145 -2 -55 Nee Determined
BEWOS50CK Mandrel 49239 62 #14 =34 48 90 Net Determined
' Draw 36% Square , :
YSARK Mendrel Draw ~ 43x38 -48 4214 -24% 4262 4255 Not Detzrmined
BWOSS3CK Pilgeeed 55% 64249 234 423 455 4103 +110 179 -172 072 207 255
BWO0S83CK Annealed 619 348 <297 28 -128 103 83 21 421 47 -7
YO402K Surk+Mandrel 52x38 28 434 +34  +103 4193 Not Detzrmined
' Draw 24% Rectmgle _ ,
EWOSIOCK  Tube Mill Surk®™ ISx14 4248 4200 +317 +15% =90 Not Determined

. Produced az Gibson Tube

Torkshead

Rectangle




CONCLUSIONS

While shot paening of the od end honing of the id produced compressive stresscs the
sxmples machined to size had high tensile strezses on the od,

Oz;m o teonduits the stress was strongly dependent on the location on the wall of the
conduit,

Shot peeuing of the od surface produccs a strongly compressive stress un the surface, bus
there was limited penetration.

Id surfaces Penemlly had cither compressive or low tensile stresses. Honing, the id
produced high compressive stresses.
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 TABLEIX
SAMPLE IDENTIFICATION AND NOMINAL DIMENSIONS

US/DPC sample 23mm square hollow cross-scction x 241 mm long
PTF s compacted 48 mm od x 254 mm long

PTF shot peencd 48mmodx 254 mmlong

CS1 machined 51 mm squere od. round id x 241 mm long

CS1 machined & compacted §1{ toun square od, round Id x 241 mm long
CS82 drawn & unnealed 45 mum syuore X 39 mmid x 112 mm long
€52 1d honed 45 mm square x 3% mm id x 112 mm long

CS2 heat treeted 650°C 48 mm gquare x 39 mm id x 127 mm long
C82 compacted & bent 46 mm square x 36 mm id x 193 tuen long
C82 tutt weld compacted 46 ram square x 36 mm id x 193 mm long
and hent

C82 compacted & bent 43mm square x 37 o 14 x 191 mm long
64(63) compacted and bent 45 mm square x 37 mm id x 117 mm long

64(63) shot pecned 45 mm square x 37 tun d x 121 mm long
63) peened outside 45 mm squarc x 37 mm id x 62 mn long

of only

TF2 sample from RF 38mm od x tmm wall z 300unn long

TF2 compacted 41 mm od x 38 mm id x 149 mm long

batt wel

Tr2 bent & strofghtened 41 mmood x 38 mm id X 208 mm long

ZC'd  LB0B BESS 41D ' MAUNID HOISNI WSUTd LIK £238T 966%-vE-1D0



22'd W0l

US/DEC sarnple
PTF a5 compacted

PTE ghot poened

CS1 machined

TABLE X
MEASUREMENT LOCATIONS

gee Table |
sce Table I
sse Table II
see 'IhBle m

 CB1 muchined & compacted. sec Toble Il

terll'y

CS2 drawn & anncaled

C52 id honed

(52 heat treated 650°C
C82 compavted & bent
€S2 butt weld compactad
and bent _
€S2 compacted & bene

064(63) compacted and bent
64(63) shot peened

64(63) peened outside
of bend only

T2 samplc from RF

TF2 compacted
butt weld

TF2 bent & swraightened

B0 £5T 415

73 mm from end and midwidth on outside, 50 tam from
end onid

42 mm fromend on id

50 mn from end and mid width on ouside

79 mm from end and mid width on outside 2nd inslde of
bend on outside of tube

37 mam from end and midwidth nou:side and imidc of the
bend on the outside of 1ube -

40 mm from end of tube &t nside snd outside of bend on
ingide of tube

70 mm from end of titbe on the outside of tube

70 mun from vibratooled end on the outside

mid length on the cutside of tube

mid lengrh an outside of bend on the outside of tube

sce Table VI
mid length at 0° and 90° Inside and outside of sube

75 mm from cnd of tube on the outside
55 mm from end of tube at 0° position end 60 mm from
end at 900 positlon on inside of tube
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