
* 

PACIFIC NORTHWEST LABORATORIES 

I P O S T  OFFICE B O X  999 /R ICHLAND.  WASHINGTON 9 9 3 5 2  I July 1968 

James A. Yount, Willford F. Smith, and Donald S. Blaisdell 

T I T L E  AND AUTHOR 

High Temperature Creep- and Stress-Rupture Apparatus 
for Remote Application 

NOTICE 
This report conhim information of a prelimiaary 
nature and was prepnred primarily for internal use 
at the or- inatallation. It i s  subject to re- 
vision or correction and therefore does not repre- 
sent a final report. It i s  passed to the realpient in 
cmiidenoe Pad should not be Wtracted or further 
disclosed wfthout the approval of  the o r f g h t i q  
instdl8tLo11 or DTI Extansion, OPlr Ridge. 

A 

CONTRACT 

0- I830 

0- 1831 

I 

D I S T R I B U T I O N  

This report was prepared as  an acc-t of Q o v e d e n t  sponmred work. Neither tbs united 
Slates, nor the Commission, nor my person acting oh behalf of the Commission: 

I A. Makes any warranty or representation, expressed or  impIied, wlth rwpect to the accu- 
1 racy, completeness, or  unefulness of the informatlon contained in thls report, o r  that the uss 

of any information, apparatus, method, or  proceae dlacloeed tn thia report may wt infr- ' 
privately owned rights; or 

B. Asnunes any Wi l i t i e s  with respect to the u p  of, or  for damngee resulting from the 
use of any InformaUon, amatus .  method, or process disaloeed i. this report. 

As used in the above. "permn acting on behay of the Commission" includs. my em. 
Ployea or contractor of ibe Commission, or  employfm of such contractor. to the e t  thal 
such employee or  wntractor of the Cps)rplsalon. or nrnplnym nf mN chn*wtm pk.)~.lem, 
Ui8seminates. o r  provides access to, any information plrsunnt to hla employment or  contract / with the Commission. or  his employment with such contractor. 

PROJECT NO. 

NAME COMPANY LOCAT ION NAME COMPANY LOCATION 

UNCLASSIFEED 
54-1 100-025 (8-69) AEC-nr alcsrmn. WASH CLASSIFICATION 

RESERVED FOR TECH. INFO. USE 
1 

\ 
-. 

F I L E S  DATE ROUTE LOCATION COMPANY ROUTE TO 

1 

s IGNATURE AND\ PAYROLL NO. DP,TE 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 





. . .  
. . . . . '  his repor t  describes a  machine i n  current application a t -  Bat te l le- .  

. . .  . . . . . . ,  . . .  . . . . . . 
. . . .  . . 

i i o r t h ~ e s t  t h a t  ' k i l l  : creep and stress-rupture t e s t s  t o  1 6 0 0 ~ ~  

. . .  
' 

vith;loads t o  1500 p6unds i n  i n e r t  g a s  a n d a i r  environments. The machine . . 
: 

. i s  compact, l ightweight,  and designed.:for remote operation i n  an i r rad ia t ion . ;  
. . . . 

. . - .  . . 

. hot c e l l ;  i t s  cost  i s  l e s s  than one-third th&t  of c m e r c i a l l y  ava i lab le  
. . . . 

t e s t  apparatus, . . 



. . 
. . . . The coniprehensive invest igat ion of the  hechanicai p roper t ies  of " ,  , , ' . ' -  . . 

. . 

. .. . . . candidate reac tor  s t r u c t u r a l  and f u e l  c laddirg  n a t e r i a l s  requi res  a ' . 

. . .. ' 

I ' _  " 

' C '  

. . thorough . knowledge of creep and stress-to-rupture proper t ies  of these  . 

" mater ia l s  i n  the  pos t i r r ad i a t i on  conditi,on. . . . . 
. . . . 

. . 
ASTM has designated standards ( . ~ . 1 3 3 - 6 6 ~ )  f o r  t h i s  type of t e s t i ng ;  

. . 

remotized operation i n  t he  smll confines of an i r r ad i a t i on  hot c e l l  

makes addi t iona l  demands,'.. The r e s u l t  i s  t he  following design c r i t e r i a  

f o r  a machine t o  pe r fom these  t e s t s :  
7 -. - .  

,* Loading accuraty: '1% over load 'range. . 

-I- 
* Temperature control:  -  OF t o t a l  specimen va r i a t i on  f r m  setpoint . .  

* Less than 15% bending .monient across t he  specimen.. 

. . h b s t  be l i g h t ,  compact, and renotely  operable.  

. . 
*' Teuperatures t o  1 6 0 0 ~ ~ .  

~ o a d s  t o  15.00 pounds 

' Vmst a c c e p t . a l 1  designs of miniaturized un i ax i a l  so l i d  sangles.  

I n e r t  gas and a i r  environments-, with easy modification t o  low vacuum, 

To rneet these  t e s t i a  requirements, a search'was made of c ~ e r c i a l l y  

. ' ' ".available t e s t i n g  equil?ment,, hTost (Figure 1 )  were re jec ted  because of s i z e  

alone; o thers  d i d ' n o t  o f f e r  su i t ab l e  enviroment  or reniote handlixg c a p i b i l i t i e s ,  





. . 
! . . . . . 

A gas r i g  previously designed a t  Battelle-Xorthwest 
\ '. . 

t 

, (Bll\.iL 137) seemed t o  o f f e r  t h e  bes t  p o s s i b i l i t i e s .  While t he  machine had. 
. . 

,proven marginfilly s a t i s f ac to ry '  f o r  bench t e s t i n g ,  it hes never. been widely .'. 
. 

. . 
. -  used due t o  c e r t a i n  conceptual design def ic iencies .  . . 

The machine described i n  t h i s  r e p o r t ,  then, i s  a t o t a l l y  d i f f e r en t  

, approach t o  t he  concept of gas loaded creep and stress-rupture t e s t i n g ,  



DISCUSSION 

.The &chine i s  shown i n  i t s  nos t  conplete form i n  Figures 2 ' a d  3. 

. ' Operatioll i s  qu i te  simsle: a d i f f e r e n t i a l  pressure  i s  a p l l i e d  across  a .  
0 .  

r o l l i n g  d i a p h r a p  a i r  cyl inder ,  and t h e  r e su l t an t  fo r ce  a c t s  on t h e  specimen. 

Briof ly ,  t h e  apparatus incorporates the following design features: 
. . 

. . 

1, Since low pressure  f i t t i n g s ,  valves ,  and l i n e s  a r e  ea s i e r  t o .  
. . 

, . 

. . 
: handle and l e s s  expensive, t he  apparatus s a t i s f i e s  design c r i t e r i a  with 

. . 
I 

gas pressures  under 125 psig.  

2, T o  minimize connections t h a t  must be mde .  and broken reso te ly ,  

' and t o  reduce cos t ,  t h e  pressure  gas on t h e  load &?plying device and the  

specimen environment a r e  c&on. 

3 ,  To eliminate t h e  spring constant and low s t roke  associated with . 

-. a, bellows and f r i c t i o n  present i n  a conventional a i r  cylinder,  a r o l l i n g  C.. . . 

diaphragm a i r  cylinder i s  used, 

4. To achieve t he  bes t  possible  alignment of load t r a i n ' , .  t h e  e n t i r e  ' 

. . compression assembly i s  machined a s  a &it a f t e r  welding end heat  t rea t ing . '  ,' 

# 

5.. Rubber or vi ton O-ring s e a l s  a r e  used when poss ib le  f o r  easy 

assembly and digassembly. 
. . 

6. Iieat i s  provided by ar. economical t h r ee  z o n e , 1 1 0 v o l t  furnace ' 

wound on t h e  outs ide  of t he  r e t o r t ,  
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Fig* 2 "~utocreep 11" Remotized Creep Rupture Apparatus . 





. . 
1 . .  7. Since some deformation may occur i n  the  load bearing sys tem,  t he  . . .  

(- : 
extens.ion of t he  sample i s  measured a s ' t h e  dif ference i n  movement of two . . 

. . 
p l a t e s  referenced through low s t r e s s  rods t o  each end of t he  specimen. . . 

. . .  . .. 

. . 

' 

8. Room is ,p rovided  f o r  d i a l  gage a s  wel l  a s  LVDT measuraent  of 

extension. 

. . . 9. Alignment i s  further enhanced with t h e  use of precis ion l i n e a r  

. . 
. b a l l  bushings i n  t he  diaphragm a i r  cylinder. . , . . .  

. :  

. . 
. . j l o .  Stroke (2-1/2 inches) i s  long enough t b  allow v i r t u a l l y  ar.y hind 

'of miniature g r ip  t h a t  can be handled remotely. . .  .. 

. . 
Two addi t iona l  forms of t he  basic '=chine have been developed f o r  . .  . . 

' .  . 

' special  application: 

1. Since t h e  vas t  na jo r i t y  of mater ia ls  t o  be t e s t ed  have a reasonable 
. . 

d u c t i l i t y ,  and since bench t e s t s  have shown ( ~ i g w e  4 )  the  measure%eat of 
.. 

. . C. t h e  movement of the  load b e d n g  system adequate i n  these instances,  one . . 
. . 

model' of the  machine i s  ' in  operation witkout the expense and cczxplication - . 

of t h e  endpoint ex tensmeter  systen,  

2, Furnace holes of a s n a l l  ( 3  inch diameter) s i z e  were i n  existence ' 

i n  a remote f a c i l i t y  a t  Battelle-tJorthwest; t h e  r e t o r t  has been f u r t h e r .  .. 

reduced ( ~ i g u r e s  5 and 6) t o  meet this requirement. 

. . ' ' 

. . . . / . . 
.----...--.- . . . _ _ . _ _ .  - - -. . , . . - .  
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Figure 5 . "~Lini-stress 11" Remoti-zed Stress-Rupture Apparatus 
. , 





EVALUATION 

. .. 
i?,ollowing design and fabr ica t ion  , a rigorous program of ' evaluation 

. . 

. . 

. . was ,begun, The t e s t s  were a s  follows: . . 

A ,  Temperature P r o f i l s  
> ,- 

ASTM E 139-66T s t a t e s  t h a t  t he  indicated tensere ture  s h a l l  vary not . '  
. . 

+ 
more than - 3'F over t he  length of t h e  sgecimen f o r  tenperatures  Trom . 

0 - 1 8 0 0 ' ~ ~  and t h a t  ~ n a v i n u m  system deviat ion fro= the  setp0ir.t  s h a l l  not 
. . 

exceed 3 ' ~ .  This. c r i t e r i o n  i q l i e s  a f a i r l y  sophis t icatkd t e q e r a t u r e  ' 

. . .  cont ro l  system. On t h e  other hand, systems giving too  f i n e  EL cont ro l  m e  .. . 

. i !  "':: 
- . t o  be avoided due t o  t he  cos t s  involved. A pleasvnt comprouise wrs found 

. . . . i n  t h e  system shown i n  Figure 7. I t  cons i s t s  of a high-low cor. troller  
. . I ' 

. with va r i ab l e  cyc le  time. The power a l t e rne t e s  between vc r i ab l e  auto- 
. . . . 

. . . . . .  . . . .  
. . . transformers adjusted t o  operate j u s t  above and j u s t  belov the  des i r ed . ,  . . 

. . (  , .  . . . .  . . . 
. . temp.erature, 

. . . . . . 

' '  usine t h e  best  avc i lab le  techniques f o r  measuring thernocouple m i l l i -  
. . . . 

vol tage,  there  was no ae tec tab le  d i f f e r ence  i n  t h e  indicstod temperctG'e 
. . . ~ 

over t h e  length of t he  spechen  a t  1200°F, The system t e q e r a t u r e  was 
. . 

found l;o d r i f t  3 / 4 ' ~  t o t a l  vh i l e  cycling a t  t h e  s m e  temperature. 

B. Furnace ~ e l i a b i l i t y  
, . 

I '  . 
. Some doubt was r a i s ed  a s  t o  t h e  long terra r e l i a b i l i t y  o f  t h e  Kanthol 

furnace elements . An element was brought t o  1 4 0 0 ' ~  and al lowad t o  cycle 



3 - Z O N E  
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Figure 8 P r e s s p e  Gas System Schematic . 



. . . . 

between 702;. power -and off a t  approximately 5 seconds per cycle  f o r  seven : 
. . 

.. . . . . , ' weeks, A f a i l u r e  was noted a t  t h a t  tiire due t o  oxide buildup on t h e  r e t o r t ,  

': Subsequent furnaces'  have been properly protected;  longer term t e s t s '  a r e  
..if. '":: 

, . .  
C ,' Alignment 

. . 

. . . . ' One of the  most c r i t i c a l  requirements f o r  t h e  t e s t i n g  o f  ms t e r i a l s  
. , .  . . 

.. b f  l o w  d u c t i l i t y  c o n c ~ r n s  a l i g m e n t  of t h e  load systea.  A bending noxent . ; 
. . . . 

.. . 
can be caused b y  an uneven s t r e s s  d i s t r ibu t io r .  across  the  specinen due t o  

. . . . . . 
. . 

'. misal iym&nt .  . ASTTM E 139-66~ allowi a 15% v a r i a t i o n  i G  t h i s  u i s t r i bu t i oa .  

A s t a i n l e s s  s t e e i  spec imn with four bonded. s t r a i n  gages was inse r ted  
. . 

. ' i n  t h e  aachine a s  received fr&. f ab r i ca t i on ,  The s t ra i r .  across  t h e  s-peci~zkn 

. . diaue te r  was found. to  vary from 5 t o  7 percent a s  t h e  specinen .,?as r e in se r t ed  
. . . . 

. . and ro t a t ed ,  I-l; i s  believed ' t h a t  even t h i s  f i gu re  cou1d.be inproved using 
,-- 

. . 
I(.. , prec i se  alignment techniques, such as Lipping t h e  g r i p s o  

D, Calibration--Load Repeatabi l i ty  . . . . . . 

. . I n  'order t o  provide meaningful data ,  some cor re la t ion  m s t  be known 

between gas pressure and pounds fo r ce  on t h e  load system, To t h i s  end,' t he  

machine was placed, sans specimen, .as shown i n  Figure 9 ,  i n  i n  Ins t ron  t e z s i l e  ' 

machine and t h e  .upper cyl inder  rod allowed t o  push aga ins t  a lozd c e l l ,  A - -. . . 

cal ibr 'a t ion ' c u r v e ' ( ~ i g u r e  10) wzs cira~m, and a few pressures  se lected a t  

random, These pressures  were i n  t u rn  a2pl ied t o  t h e  cyl inder ,  and t h e  load 



Figure 9 Test  Conf i g u r z t i o n  f o r  -Load Cal ibra t ion .  
. . 

' . .  

0 . . 
. . i 



Figure 10 . ,Typical Load CaLibration Curve ' .  , 



recorded from the  load c e l l  compared with t h e  predicte2 value from the curveo ' 

. . . .  The combined e r ro r  i n  a l l  cases d id  not exceed 1/37;,   his c o h a r e s  favorably 
. . . . 

with the  ASTM 1% requirezznt,  

. . E,  System Friction--Load.Fluctuatio~ ' 

. . The systeni's a b i l i t y  t o  maintain a constant load over t he  stroke of 

. . 
the.machine wizs exminedo This t e s t  tras p e r f o r ~ e d  i n  the  same apparatus 

. ( ~ i g u r e  9 )  a s  t ne  load ca l ib ra t ion ,  only the cross head of t h e  Instron was . 

allowed t o  move down with a constant pressure i n  the  cylinder.  The cross  , , 

head r a t e  was var ied f roa  0.001 t o  0.05 inches per minute. stopped, r e s t a r t ed ,  

and ' f in t i l ly  allowed t o  run a t  a constant  speed of 0005 inches per minute 

for  the  length  of .the stroke.  I n , a l l  cases,  the  load vzried l e s s . t n a n  1/3$, 
. . 

. . . . 
. . . ,  



Developent  e f for t s .a imed a t  providing a compact creep rupture  pachine 

f o r  remote appl icat ions  have a l so ,  through design innovations, provided a . . 

. . 

means' of performing non-irradiated t e s t s  i n  i n e r t  ges and . a i r  a t  a f a r  

more reasonable p r i ce  -than was previously possible  with canmercial apparatus, . . 

. . I n  addi t ion,  application'  of t h e  load by gas pi-essure allows t h a t  

p a r m e t e r  t o  be vzr ica or  p r o ~ r m e d ,  This i s  a v e r s a t i l i t y  not e a s i l y  

shared with dead-weight loaded m a ~ h ~ n e s . .  




