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ABSTRACT
- vA crydétm ‘with a load capacity of 10,000 1b has been designed for
ouse with etamdard tensil@ testmg equipmem in the eempemm e mnge 4° to
300"&{. Spacimenm up to 5 in. long can be maumted @mmy on tha gmp rods
"thmugh an opening in the front of the test chambex. Tha cryoam& is used im
- ceajunction with a 10 00@-1@ En@emn t@mian mming machim csmmining a
{ atresmstmm recor&er ami @tmin pacer.r e e
BN
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Con m*r.mbvc:rzow .:.

Ia recent years the need for inﬁormmmn comceming the propeﬂiw @ﬁ’

R ma,teriam at low temparaﬁures h&s incmamd, Temile Mucuw, at th«aae low
- temp@r&eurea in p@.a'i;iculaz'. have made 1mpom&m contributions to mxd@m‘c&mﬁmg
' '-_oﬁ the bmic machanismes governing the ﬂow and fracwxe pmper‘ties eﬁ enkgincemng

‘ matexiam tha& may be umd in low-mmx)eramre immumi@ns. _

g o
Many texmile cryostats are demcribeﬁ in the literature. -5 In most of

tﬁe@,@ syst@ms the test chamber has to be moved out of the way when the gpecimen .’
ie being mounted on the grip rods 5r removed after the test, To avoid thic dif-

- ﬁculty. a cryostat ha@ b@em designed véhiéh permits easy accese to the specimen

holders in@ide the cha,mber through an opening in the fmm. Thﬁé‘ﬁ:‘a&mm is

' _ p&ttxcula.rly of V&Lue with tenasile tests that incorporate conaecui:ive low-: emd

nhigh'-tempera.ture tension mep@ with zmermec‘ii&ae metallurgical trga.t‘mem; oﬁ;‘ e

the o pécimexi.l

This paper describes an easily camﬁtif&é&ed and @mrdy cry@ma% f@r'asé a

" with standard tensile testing nméhineg; - Tent apecimens up to 5 in. lomg can b@

accommodated They may be atreweeﬁ in ehe temp@ramre mnge ﬁrom rao*n

| tempemture d@wn to <§° K by using liquid he};ium or liquid nitrog@n. _ 03‘ thew L

- vcold vaapom, m reingermw. without the use aﬁ extem&l heat wxch&ng@m. '- »
-Tensile samples cooﬁed by gaa mther than liqmd, are mox'e auhjeactm mcmz@d
 specimen hea.ting and conmequent discomimuoum sup. becauzze of lc»wer h@«:m : |
-v.traaefer rates; however, the impinging; of coldl vapmr on & wh@le mcisa @ﬁ‘ th@ *
‘test aample at Mgh velocity wnda to mimmme mess@ e:’:‘ﬁf@ctaN Tn@ cryoatm: ie |

- deaigned to with@tarmd temion ﬁorces up to w 000 lb and is u&aed mth a i@ 000«-ib

o _Inmron tenmion testmg machine t'mt conﬁaim@ a stmms«-mmm mc@rder aﬁa strw’m :

: pacex'. o o v; ; o
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i Dn%mmmm OF THE Appm ATU@ S e

i

'mua bmic &;emm of thc crywta& m skw:m in E"im. ﬁ thmuﬁh @ E“h@

ixmer t@a'z clmmber xs in@u},@t@u by wemmaa oﬁ u&yf@f@a&m Qmm ﬁw @urmmcﬁagff .
'heat shwm, Whmh i@ at hqmé nitmgen tem@er&tum &w tesmg below ?7“’K. _- L

- ’X‘hw ahiemmg. in mm, is ae;;axmt@cl mermany ﬁwm ?he @u-.tsw h@uamg ‘by e

“with epoxy msm.. ‘The epoxy. caaf. retards tha riiﬁ‘ium@n @ﬁ caolam gw into th@
» | cell atmcture amﬂ cmzs&quem imcrea@e m maz‘mm csnﬁuctivity.x 'i‘ha cfya@%&e :

‘housing ami the hm,t ahwiclmg, ae wen a8 tho smemmg reservair Iec&@ed @n f:'j-"_' o

.

" one aidez oi gh@ chamber, am rectamg;umr and are cemtrmc%@ @i alummam iioy

B St

"la.ddmional Stymﬁo&m m&terml The insulation h‘ B becm cut’ m Eat &K’sd zh@n c@&z@ﬂ :

gt

The teat cham‘b@r is accew bﬂe ﬁmm th@ ﬁmm tthMMh rem@vabm @ectwm@

of inaula.tiem a,na doors on the h@wmg &nd @hieldmg 1}11@ arraug@mem pwmiw

: O-ring @@al on the bottom.

v-_i'moummg m& remavai ei test ap@cam@ns wimout mmoving m@ cryasmt. -

Th@ ras@rvair aupphy tube (ﬁm‘ cosi&m to ﬁm whx@m) shown in Bs“ig_ &

incmrpomtea a. metal-to-metal mml 'I'he m&mrp @ﬁg@ oi m@ eminlaw @mcgc e

ﬂa,nge bite@ mso the wfter alummmm a.llcay of &he nea.t ahiem when tv _'

b

Care tzghteued The seal is stin perﬁect aﬁt@r ehe metal& comr&,«.z at:l;@w i.empemo ,

ture 15 2he s;cre‘ws &re lrmg en@ugh t@ provme muﬁﬁxcmm ezas&zci‘ey. ) '

C4

Cartridge-type grip»r@d &Membhem (which ca.m be @amly rem@vea fmm

the eest ch,amber) provide %he pun cm the apecimen. Sea,umg beatw@@n ﬁw Emwmg

. ‘&nd the grip rocia m provided by a beuowa arrangemeuﬁ on t@p ami a dyuamic :

" The grip rod@ conswt oﬁ' thick-waued aud Mgheatrengm staim@@@ @te@&j;,

o tubing whxch accommodatea a. sman cartri&ge heamr au& ehevm@c@uple Wires .
L to sense the sample tempemture._ The hc&& shmﬂdxng. ew weu, as the grip md

assemb);iee. can be bmaxghﬁ m remm tempermmre by meana @ﬁ the heut@w im an

B

: ﬁshm't nme &ﬁzer cmmp};mi@m @i me tenw?&e wmt ;?ﬁdi zona& sm&n hcaﬁm@ amé:
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. thermostats are provided on the grip rod flanges and bottom flange of the

_housing to prevent the O rings from {reesing and the apparatus from frosting

up. Brass specimen shields on the grip rods make a cup to contain the cryogenic
fiuid around the scample,
The cold exhaust gdo vents from the cup through the annular space between

the specimen shiclds, thus creating an environment around the sample at very

‘ near the test temperature, The gas flow then divides, and goes both inside and

. outside the grip rods, Since the flow of the exhaust gas is in the opposite di~

rection to the heat flux along the grip rods, it makes the best use of ths refrigerant

capability of the cold vapor. The heat flux to the low-temperature region io also

decreased by lowering the temp@ramfe gradient in this region: A porﬁézg of the
heat flowe from the grip rod, across a narrow gas gap to the thermal sleeve
(sée fig. 2) and from there to the heat shiélding. |

. The éoola,nt distributor {a located inside the specimen shields beoide

the test sample, as shown in Figs. 2 and 4. It consists of 2 thin-walled

- stainless séegl tube of emall diameter with 2 number of _perforationé through

which refrigerant, is blown against the specimen, A tapered-fit flange and

' :mtvconnects and seals the distributor to the liguid helium transfer lines,

The temperature control appa.r‘s;fua is similar to one described by Weése!.. ¢
consisting of a témperature éontroll,er-recordar. a de¢ amplifieé. a potentiometer,
and thermecgupla leads with a conatantftemperatufe bath (which in éqr cane i8
the llquid-nitrégen-ﬁlled heat shield)., The thormocouples are attached directly
to the ai}edimen gage section as well as to the uﬁper and lowai sample grips.

Control is effected by the upper thermaocouple.
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A~ ‘Déewar. The ra.te of ﬂaw w reguﬂ.mted on ﬁhe warm oY gag eide of ,he my@tem o

B ;by varying the ba.ck preasum m the cha.mber fxmt with a mamnai valve and ‘chen
. aolenot& valve wd controle im onvoff cycle. s

f hmwt mamlfold and awociated vaivea ané gaugea. as @hovm in Fig. - ¥

: 'nut to prevent leakage of liquid reﬁrigerant through the threade.._ o t_, L '\ S

remaine closed until Hquid tmnaﬁer is required. A mo&era&e vacuum is 'uemg

L . R ~UCRL-,—M§?1 .aev_,ﬁ"

| ) 'I‘he coolemt ﬂ@w is initiated by pxeaaumzingg the reﬁrigeram suppiy

w:..h a solenoid valve. Tne au..omatic temperamre com:roller operatea the

o ("i
RS

Control pa.nel@, kocmed a,t ?mth sides of the cryostat. cemam the. exs i

P I S T

m. TEST PROCEDURE "

The cryoatat is’ aupvon'ted from thc ﬁxed croaahead oﬁ the tcnsile teating

o mach.ine in a. camﬁuny acijuoted poat tmm m@uring ﬁ'me movemem of:’ both gx’ip ro&@. i
' The top grip rad io commceed &o the loa,d ceu on top oﬁ ﬁhe ﬁmed c¥ @eahead ané.
C the b@ttom grip rad is @stenaa to ehe movable crosehead Tke cry@stat aec%wn

_oi the hquﬁd helium trm&ﬁer liue ia boﬁ. ed to the back oi the teet ch&mber, and

the dietnbutor imaicie the chamber io clamped to th&t secticm, _The hqui_d mtro-_- T

gen trmmier llne ie boltcd to the inlet port ‘shown im Fig.

After the cryostat ha.m been opened by removing 'che doom and the secﬁi@ns

oi imula.eicm. the specimen ahielda are lowered and ehe test specimen is moumeei

. on the grip roda and pinned to the holdem.' Then the ﬂhield.n a.re raxaed in place
‘ ; again amd care is t&kan to screw the shield se&l nut tighﬂy a.ga.inet tha canar of

the bottom grip rod The bottom ehield. in mrn. is ecmwed txghﬁly ‘aga.met zhe

~ ¥

Now the test cha.mber is closed and the liquid helium tranaﬂ'er lme w
LTl e.;--,a‘ ’ L/ .

L comnected to the prepomtioned re{rtgerant Dewar and the stationary aec&mn on

' .the cryoste.t. Durmg the cool-down period of the cryostat the valve on ﬁhé Eine :
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px;ued on the test chamber to eliminate as much air and moisture as possible,
Then filling of fhé shielding reservoir with liquid nitroﬁen ie followed by direct
addition of iiquid nitrogen to the inne;' test chamber thr’éugh the liquid nitrogen
inlet port ah&wn 'in Fig, 2. Ii‘ar. tenéile tests balow liquid nitrogen temperature,
the cha@ber is f;:ooled to 77° K, the xﬂtrogen ié re.movéd by evacuation, helinm
gas is admitted to the cryostat to ﬂﬁsh the iesidual nitrogen gas, and a vacuum
is pulled once more. .Than the liquid helium is moved from the atbmge Dewar
to t'h‘e precooled test chamber by iméosing a sglight overpressure (12 to'3 oz. per
in. z) on the surface of the liquid by means of bottled, pure hel.ium gas and by
opening the valve in the tranofer line, Heat ic extracted from the internal com-
ponents of the chamber by vaporization of the liquid and change in enthalpy of
the gas ae it rises to itg exhaust temperature. The manual valve §n fhe mé.nifoid

is open during this time for rapid exhaust of large volumes of gas warmed in the
initial cool-down. Ao the desired temperature io appro&ched. the manual véxlve
is closed, leaving only the small solencid valve 6pen. The tensile test may be
started when the predetermined temperature ic reached,.

Upon completion of tﬁa' experiment, the flow of cryogenic liéui& is dig-
continued, and the heaters are turned oz to warm the test chamber to room
temperature.. The wa'rm chamber may then be opened and the specimen removed.

The cryostat i fairly economical in the consumption of r'ei_rigerating
liquid. Fb‘r teneile eicporiments at 4°K about 4 to 6 liters of liqizid helium are
used; which includes both the liquid consumed m.trmwfer logseo a.xid that v%hich
boils off, At higher test temperatures the cénnumpticn of cryogenic liquid is

proportionally lees.



Y I P U (L NI V) JORp N W1

L B UCRL- 14574 Rey. 4

I

vt e ACKNOWLEDGMENTS

o~ '
.

" The authors wish to exXpross thgzs:'gra_ticudé to Dr, Jim Mote and

[l .

' Dr. Frank I—Im;éer'ﬁér their helpful discussions of the design. -W’e‘éléb:@bﬂd .
like to ¢hank Les Seaborn for hisiable sﬁpe‘rvie_}ioﬁ of the c‘cné'f:r'uction:and‘f ,’_' Y
éxééémbly‘ of the c‘r‘y;:mtaé.-' | | . | "

[

e - . . ¢ . ) . . 4
LY o - . . . . ‘ . - L e T
. ! H s
. ¢ .
N T
=S : .
' .
3 . ti.ed Y
' " . ,
N ’
. . ”
’
W
B o
oy
H ' . \
. o N
FR R : - -
i R ¢ : . . R
. > . .
e, 2 y N
ki &
4 ‘ v ) IRy
s
1 . -
o .
*
.
AR
. -
.
i - /
C ) +
N
. o
. K . [
N -
As ¥ t
ll i
’ : .
. v f y et
i
- . . -
. . oy H ¢ S
T ) ,
4 . ¢
- Al
e i A
! ¢ . |
'f N A B
Y- \ . .
- . ¢
v -
. . sl - - - . . . . Ve P f - S . g
A : [ co L . . : T S o A S
:v)"’._ .
. .

SRS R ETIIILTRPICI L ENIZE UHPLE- St RN A IURUILE S F ST Fy R A wee st o SRR IR B SRS S S R e



L4 e g S A

D e L LIV B PUE RPN e BT P TR © et - -

e UCRL-11574 Rev. 4
FOOTNOTE AND REFERENCES

*Work ééxie. t,i;xdar- the aue.picew of the 'U.' 8. Atomnic Energy Cgmmiasion. _

1. B.T. Wessel, ASTM Bulletin No. 244, 40 (4956). o |

2. R.M. McClintock and K. A, Warren, Materiale Research and Standards,
- ASTM ,[2], 95 (1964). |

3, 3. F, Watson and J. L. Christiin. Materials Research and Staadards,

ASTM 1, | 2], 87 (1961). |
4. R.P. Reéé. Adv, Cryogenic Eng..j’_. 448 (1962). _
5, 'T-. S. Desisto and L. C, Carr, -Adv. Cryogenic Eng. 6, 577 (1964}



Fig. 1

o bt ihtede Y AR bR

e oo UC& ,-ausn Rev.
"% '+ FIGURE CAPTIONS

T

Ty

. '-Ci‘oés-éeétioml ai:‘ie via*;v of cryostat. . A, housing:. B, housing.

' - yo - s

' door; «Ci: hm.t; shield; D, "xoat skield dooz'. x, apeéiﬁmen’ahielda;‘i B

= A'shi'eld -seal nut;. G, grxp rod; H, apecimen holder, , apeczmenn ' ‘{,‘

3 3 grip rod suppart, K wire exit, .’L, coala.ng; exhaust;  17-£, reaerv@w |

; eupply tubc. Ny heai.er and thermostd.t. O, heater; P,,*"Styroioa.m B

¢

iusuiation. P ST R S IR

2 Crosa-eecnon&i front view oi cryosta.t. M, reeervoir supply tube,

: 0 hea‘cer, Q. r.thermoatat. R, 'liquid nitz'ogen inleﬁ poxe, b. coolamf: o

‘ig .

: k“ig. 4 P‘aotograph o£ the cx’yossat in pla.ue on thea tensile tebter The aooréf

3

N on the grip rods. |

diatribu&or. T, shxe.ldmg reservoira 9, metai-to-metai seal, V,
therml sleeve. a | -
Croas«sectiona.l top vzew of cryostat thhout grzp rozi awembliea. T

v

an& msuia.twn sectxorm are remove& and the test spec:.rnen is mounted .

. .
F." t .
N .
".‘ i ]
1 ‘l..‘ X 1 » -
} ’ et . ! . . *
L - . 27 : . .
. B el N B
N s .
l ., N .
R . . .
. E . ’- Al . .1‘ .
) . § o (I e
i} N o
- . f
4 DN : %
- ' *
] s i 1
R : )
+ ‘. .
"L +
B . ' E
. . 3 » . 4
b . N P ' . .
i R
i B .
* i § ;-
P : ; v
. . R ) ]
. ’ [
B . v .
1 B l"- - s v' -
. o ; .
* . . : o ,
R ‘- i [
N . e,
Y



0 3 6

SCALE IN INCHES
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SHIELDING RESERVOIR
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or procéss disclosed in this report
may not infringe privately owned rights; or '

“Assumes any liabilities with respect to the use of,

or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf' of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to thé‘pxtent that
such employee or contractor of the Commission, or employee.
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract

cwith the Commission, or his employment with such contractor.
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