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HIGH VACUUM CHAMBER FOR ELEVATED TEMPERATURE TENSILE mSTING" 

D. N. Braski, J. R. Gibson,f L.  J. Turner, and R .  L. Sy # 

ABSTXACT 

A chamber for  tensile testing vanadium alloys at pressures 
of IO-' Pa (IO-' torr) and temperatures imp to 800°C has been 

an 2 0 "  3-cm (8- in.) cryopump anti a tungsten element f ~ r n a c e .  
The chamber can be pumped to a pressure less than IO-'" Pa 

torr) in less than 10 rnin. The stress-strain cimve 
obtained for the V-20Ti alloy at 6 0 0 O C  was consistent with 
results obtained for the same alloy on a second, proven 
machine. 

ag?signea and fabricated. Features of the test. system inci1rdh? 

1. INTRODUCTION 

A research effort is under way to identify and develop a. material for 

the structural first wall of a fusion reactor. Vanadium alloys, which 

have advantages such as inherent low residual radioactivity after 

radiation, are among the present candidate materials for this application. 

To simulate the conditions needed to develop a vanadium alloy first wall, 

it is necessary to preimplant helium into the alloy using the "tritium 

trick."' Unfortunately, it Is impossible to remove all of the tritium 

from the material after this procedure and all further handling and 

testing must be conducted on dcdicated systems, 

designed to obtain the tensile praperties o f  vanadium alloys from room 

temperature up to 8 Q O ° C ,  with the system operating under high vacuum con- 

ditions, A high vacuu environment is necessary to prevent the alloys 

from picking up oxygen and nitrogen that reduce their ductility. 

dite the testing oE large numbers of specimens, it is also desirable that 

One such syster was 

To expe- 
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t h e  high vacaum range ~f PO-' Pa be arh ieved with in  rsssoiialuly short 

pumping times. A d e s c r i p t i o n  05 the high vaciiiin s y s t e -  scd i t s  i n i t i a l  

performance i s  contained herein.  

Figure 7 i s  a photograph of the  high VncIpuiii t ens i lc  t e s t i n g  system. 

A c ryopu~~ped  furnace chamber i s  mo~iirted i n  a2 Instion"' desk 1(9p Model 1130 

t e n s i l e  tes t ing m;aeliinte that was i n s t a l l e d  i n  8 special veratt?d enc losure .  

The enclosure has sliding z c r y l i c  doors 1ocntc;d I n  f r o n t  t u  permit access 

t o  t h e  chamber and the Instron con t ro l  ~ ~ w e l .  Uoors a t  e ikhet  end o f  t h e  

enc losure  permi t  entry fox i n spec t ion  arid aairrter?<anm of  t h e  pumps and 

vacutim system. The ertclosclre providcz %aft? costdinxorit. and re  1 of any 

t r i t i u m  would be rxpccted t o  escape the chamber. The e l e c t r o n i c  console 

l ocs t ed  oi i ts  ids  sf t he  enc losure  contdikias t l w  cnmpocir?nts needed t o  con t ro l  

and aonitor both the v z c i ~ i i ~  system and ths r e s i s t a n c e  f u r n a ~  w i ? h i n  t h e  

chamber. Tfie furnace is  used t o  hea t  specimens t o tnrnycratures as  high as 

~ O O O C  f o r  t e s t i n g  iindcr t e n s i l e  Xna~-is. Speciasn tepperz tucc  i s  c o n t r o l l e d  

and monitored by t h r e e  sepa ra t e  Chrumkl -Alanrc'r  r thermocouples, each 

encased i n  1.0-mn-diam s t a i n l e s s  s t e e l  shea ths .  The t i p s  of the thermo- 

couples are placed i n  contact w i t h  t h e  gage s e c t i o n  of t h e  t e n s i l e  

specimem. 

-F 

A f r o n t  view of the  high vacuum chambe2 moiintccl i n  t h e  Instron machine 

i s  shown in Fig. 2 .  The chamber body i s  cons t ruc ted  o f  3.2-~171r.-tPtick 

(1/8-in.) type 304L stainless stec'h that wss rolled into a cy l indpr  

arid tungs ten-  i n e r t - g a s  welded. Both i n s i d e  and wits ide s u ~ f a c e s  of the 

chamber body were retained i n  t h e  as-received or f i n i s h  c>E the origi- 

n a l  metal sheet .  Thc front door to the c y l i n d r i c a l  chawbe~ i s  hinged on 

the l e f t  and is sea l ed  with an O-r ing.  The door i s  secured during pump- 

down by t h r e e  hinged C clamps. The bottom p u l l  rod i s  connected t o  t h e  

base p l a t e  of t h e  t e n s i l e  machine by a 33-cm s t a i n l e s s  s tee l  connecting 

A Ins t ron  i s  a trademark of Instron Corporation, Canton, MA. 

SChrornel-Alumel is a trademark of Hoskins Manufacturing Co. 
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Fig. 2. Front view of high vacuum test chamber. 
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rod and pin-type 

machine to allow 

reducers" in the 

coupling. 

for enough clearance to stack as many as five "decade 

machine control section. Each mechanically geared unit 

The chamber was mounted relatively high in the 

will reduce the crosshead speed by a factor of 10 when stacked over the 

crosshead drive spindles. 

type, low-strain rate tensile testing. The higher mounting also places 

the specimen and viewing window at eye level, which is an advantage for 

both loading and monitoring specimens. 

include one that will accommodate ten thermocouples and another for the 

ionization gage tube as shown in Fig. 2. A third feedthrough contains two 

electrical conductors that supply power to the furnace. This feedthrough 

is mounted directly opposite the ionization tube but is not visible in the 

photograph. All of the feedthroughs utilize conflate flanges sealed with 

copper gaskets. 

The slower crosshead speeds are used for creep- 

Feedthroughs of the chamber 

4. VACUUM SYSTEM 

A VarianJC 20.3-cm (8-in.) cryopump with an integral high vacuum valve 

is mounted directly behind the chamber, as shown more clearly in a side 

view of the system in Fig. 3 .  A roughing line connects the chamber to a 
5-cfm mechanical pump located beneath the table. 

installed directly above the flexible portion of the roughing pump to 

prevent backstreaming of oil into the chamber during pumpdown. Oil 

backstreaming also can be minimized during pumpdown, by closing the 

roughing valve and opening the high vacuum valve ("crossover") at approxi- 

mately 13 Pa ( l o - '  torr). The mechanical pump is vented through a rubber 

hose directly into the exhaust duct to prevent the venting of any tritium 

directly into the enclosure area. 

A sieve trap was 

Figure 4 is a schematic diagram of the vacuum system and indicates 

the locations of the ionization pressure gage and two thermocouple 

pressure gages (TC-1 and TC-2). The liquid nitrogen/sorption pump con- 

nected to the cryopump is used solely for the oil-free pumping of the 

absorbent material during the regeneration cycle. 

Varian is a trademark of Varian Associates, Inc., Lexington, MA. 9: 
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Fig. 3. Side view of high vacuum test chamber 
showing cryopump location. 
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5. FURNACE 

Figure 5 is a photograph of the electrical resistance furnace mounted 

The furnace has a split clamshell design with in the high vacuum chamber. 

a diameter of 7 . 6  cm and a height of 8 . 6  em. The furnace incoxporates 

tungsten wire heating elements (1-mm-diam) that are surrounded by three 

concentric heat shields fabricated from 0.76-mm-thick nickel sheet. The 

spacing between shields is maintained by spirals of nickel wire that were 

spot welded to the shields. The power leads are stranded copper wires 

insulated with A1203 beads. Adjusting screws on both sides of the furnace 

support the frame on which the furnace is mounted an allow the operator to 

adjust the position of the furnace in a transverse direction relative to 

the load train and specimen. Centering of the specimen in the vertjcal 

direction is accomplished by adjusting the lower pull rod. 

joining the lower pull rod with the base (Fig. 2) has holes drilled at 

different center-to-center distances that permit centering of t he  speci- 

mens with different gage lengths relative to the midpoint of the furnace. 

The tensile specimen shown in Fig. 5 i s  an " S S - 3 "  type, which is used in 

irradiation studies, and is 2 5 . 4  mm in length. It i s  secured in the grips 

with pins. The self-aligning grip assembly was designed hy L. J. Turner. 

The coupling 

A photograph of the control console for the high vacuum chamber is 
shown in Fig. 6 .  The upper three panels are used to control the furnace 

(except for the cryopurnp on/off switch), while the Power two panels 

control the vacuum system. 

perature controller is used to control furnace temperature, and a 

Barber-Coleman 121L series temperature limiter protects the furnace from 

over temperature excursions. Two 4-position thermocouple selector 

switches are used to select any one of six Chromel-Alumel thermocouples 

A Barber-Calemanf' 5231) series solid state tem- 

Barber-Coleman is a trademark of Barber-Coleman Industrial 3 t  

Instruments Division, Rackford, IL. 
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Fig. 5. Photograph of tungsten-element furnace. 
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INSTRUMENT 
ON-OFF SWITC 

FURNACE POWER 
ON-OFF SWITCH 

TEMPERATURE 
LIMITER 

HEATER SWITCH 

MECHANICAL PUMP 
ON-OFF SWITCH 

IONIZATION GAGE 
READOUT 

REMOTE SETPOINT 
ADJUST ORNL PHOTU 462Y-86 

. 

Fig. 6. Electronic control console for the vacuum system 
and furnace. 
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in the chamber. Three thermocouples are used to monitor or control the 

furnace, specimen, and over temperatures, while the remaining three are 

spares. 

potentiometer is used with the Barber-Coleman 5231) to remotely adjust the 

temperature set point. The electrical current supplied to the furnace is 

monitored with an ammeter located in the top panel on the left side of  the 

control console (Fig. 6 ) .  A special test circuit is employed that allows 

one to check the resistawe of the furnace elements and determine if an 

element is shorted to ground. This circuitry automatically protects the 

equiprraenl- and the operatar from mishaps, hence, the term "interlocked" 

furnace controller is used. the digital meter and switches for this test 

system a m  located on the right side o f  the top panel. 

Temperature is read on a Doric" 610A Trendicator 11. A 10-turn 

The bottom panel is a Valrian 843 vacuum ionization gage cci?ntroller 

that  is used to monitor pressure. Pressure from both thermocouple gages 

and the ionization gage can be read f r ~ m  this instrument. The panel 

directly above the ionization gage cmtraller houses the switches that 

operate the pneumatic high vacuum, roughing, and vent valves. This panel 

also contains the power and mechanical pump switxhes. A s  mentioned 

before, the cryopiimp switch is mounted on the second panel. 

The circuit diagrams for the furnace controller are presented in 

Figs. 7 and 8 .  Figure 7 shows the Barber-Coleman 523 series temperature 

cantroller, the Barber-Coleman 12PL temperature limiter, and the relay 

logic diagram for salectjng the operating mode. The circuitry for setting 

and monitoring the temperature set point is alss given. In Fig. 8 ,  the 

output signal from the temperature controller (pins 13 and 14, Fig. 7) is 

fed into the Robicont power control ler (Model No. 401- 1 4 4 - 2 )  , thus 
controlling the furnace input power. This type of controller i s  a phase 

angle-fired power supply and incorporates limiting of current to protect 

the tungsten heating elements from excessive current demand on cold start- 

up. The current limit threshold can be set remotely by a potentiometer on 

the front panel (not shown in Fig. 6 ) .  The right side of the diagram 

depicts circuitry for determining furnace element resistance, leakage to 

Doric i s  a trademark of Doric Scientific, Division of Emerson 

fRobicon is a trademark of Robicon Corporation, Pittsburgh, PA. 

s'c 

Electric Company, San Diego, CA. 
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INTERLOCKED FURNACE CONTROLLER ORkL-DWG I26 10790 
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Fig. 8. Schematic diagram of interlocked furnace controller-power controller/furnace 
circuitry. See Fig. 7 for inputs to the power controller. 
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ground, and cire1n.i.t i n t e g r i t y .  

(upper por t ion  of Fig.  7 1 ,  t h i s  c i r c u i t r y  provides a s a f e t y  in t e r lock  such 

t h a t  power w i l l  not be supplied t o  the  furnace if any furnace elements are 

shorted t o  ground. 

Used i n  conjunction with the  relay logic 

7 .  PERFORMANCE 

A puinpdown curve showing chamber pressure as a funct ion of t i m e  i s  

presented i n  Fig.  9 .  A pressure l e s s  than Pa t o r r )  i s  required 

f o r  the  t e s t i n g  of vanadium a l l o y s ,  and l-his pressure w a s  reached i n  l e s s  

than 10 min. An addi t iona l  5 to 10 min i s  needed to heat  t he  speciruen to  

the  test temperature BolBow.=Pzl by a 10 m i n  soak per iod.  Tnen the  t e n s i l e  

t e s t  i s  conducted, the  furnace power i s  turned o f f ,  and the furnace i s  

permitted t o  cool down. 

bleeding n i t rogen  gas i n t o  the  chamber wEnen t h e  spec imn  temperature i s  

below 200°@. 

specimen a t  7 x IO-' pa (5 x IO- '  t o r r )  and temparatures from 400 t o  

600'C takes  about k5 min. 

iiecessary product i v i t y  reqiii  red of an a l l o y  development program. 

The cool down per iod can be, acce le ra ted  by 

l'hc e n t i r e  procedure f o r  t e n s i l e  t e s t i n g  one vanadiiim 

This r e l a t i -v r ly  sho r t  t e s t  l i r n r a  provides the 

A number of vanadium a l l o y  specimens have been t e s t e d  i n  the  high 

vacuum chamber a t  ternperctures from 420 to 600°C. After  t e s t i n g ,  the  spee- 

imens were always clean ?nd sh iny ,  i nd ica t ing  t h a t  l i t t l e  or  no sur face  

oxidat ion had occurred during t e s t i n g .  One a l l o y ,  V-20Tiy was t e s t e d  a t  

these  same temperatures in a second, provcrr t e n s i l e  msrhine t o  compare 

the r e s u l t s  from bath systems. The S S - 3  tensile specimen used was 2 5 . 4  mm 

i n  length with a 7.62-mm-gage length,  a 1.52-mm-gage width, and a 0.76-mm 

th ickness .  

s i z e  and type of cryopump and g r i p s  but bas a s i g n i f i c a n t l y  d i f f e r e n t  

vacuum system geometry and crosshead d r ive  (hydraul ic  versus screw 

dr iven ) .  The s t r e s s - s t r a i n  curves for  annealed V-2QTi specimens t e s t e d  a t  

6C0°C on both systems a r e  shown i n  Fig.  10. Both s p e c i m ~ n s  shown began t o  

deform p l a s t i c a l l y  j u s t  below 500 MPa and both exhib i ted  s e r r a t e d  y ie ld ing  

due t o  dynamic s t r a i n  aging. j u s t  before and a f t e r  the  u l t imate  t e n s i l e  

stress was reached. 

demonstrates t h a t  the new system is  capable of producing r e l i a b l e  r e s u l t s  

t h a t  a r e  cons i s t en t  with those of a proven system. 

The second s y s t m ,  c a l l e d  the  "R255*4 system, u t i l i z e s  the  same 

The good agreement of these  two test  r e s u l t s  
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8 .  SUMMARY 

A high vacuum chamber has been designed and built to interface with 

an Instron desk top tensile testing machine. The system is required to 

develop a good vacuum because it will be used to test vanadium alloys in 

ranges from room temperature to about 800'C. 

20.3-cm ($-in.) cryopump that produces a chamber pressure less than 

1 w 4  Pa (IO-' torr) within 10 min. 

and nickel heat shields. 

tension at 6Q0°C showed no signs of surface oxidation and exhibited a 

stress-strain curve that was consistent with those obtained on similar 

specimens tested in a second, proven system. 

"he system utilizes an 

The furnace utilizes tungsten elements 

A V-20Ti vanadium alloy specimen tested in 
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