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' ABSTRACT

&

A cx-yo-tat wlth a load capacity of 40 000 lb has besn dcsigned for use":'f
“with standard tensile testing equipment in the temporature range 4° to
' 300°K. . Specimens up to 5 in. long can be mounted easlly on the grip roda.

.. through an opening in the front of the test chamber. . A liquid-helium

" _transfer line has been developed for use with the tensile cryostat. The -

L)

addition of a bayonet-type valve, which also serves as a éoupling oftwo .

- separate ae:ctioxm. makes this line quita vemmile for a wide range of

. J

transfer operations. The cryostat is used in conjunction with a 40 ooo-xb

Instron tencion testing machine cont&ining a stress-strain recorder and. L

‘strain pacer, .
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I 'INTROEUCTIQN ;

n,

In r;cent y@ars a.n incmaalng nead for in.formation concern&ng the 4
propertieo of materiala at low tompex‘aturas has d@veloped Tensile atudiea.  :
at these low temperaturea in particulax, have made important contributions ‘,-
;to underatanding of the baaic mechanisms gmmrning the flow and fracture 3
" propertign of engineering materials that may be used in 1ow -temparature_l :‘ v

Gy
L

" "Mhny tenauo vcr.yoétata are deseribed in the literature. “'5

In most o!
',__.t“heae ayetems the tent chambe:r has to be moved out of the way when the 3 -.
. specimen is being mounted on the grip rods or removed after the test. ‘ro
»avvoid this difficulty, a cryestat has been designed which pe:txuta easy acceaa;_z
‘j_'to the specimen holdera-insidé the cfzambeé through an opening in the fronmt, e
: Thié feature is particglarly of value with tensile tests that incorporate

:eoneecﬁtiv:e low~ and hlghatemper&tum tonsion steps with intermediate

V, metalluxgica.l treatment of tha Bpeciman. . R L

This paper describes an easily constructed and sturdy cryoatat for uge o
f’;_.égvlth standard tensile testing machines. Test apecimens up to 5 in. long - 3‘;(»
: can be accommodatedd They mﬁy be stressed in tiza temperature range ' ‘
from room temperature down to 4°K by uéing uquid helium, liquid nltrogen.

. or their cold vapors asB refrigerants. w!thout the use of external heat

. j‘ exchangera. The cryostat ie designed to withstand tension forcea up to
: e e 10 OOO 1b and is used with a 40 000-1b Izmtron tension teoting mchine that

contains a ntressatrain recorder and strain pacer, , - A
" The llquid—helium transfer line with vacuum insulation and a bayonet type
valve which serves as a joint of two aeparate aections of the line and facilitatea

7"‘ineta11ation are also discussed. B | : _ o o
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f‘"j Com DESCRIPTION OF THE APPARATUS

The besic design of the cryom:at is shown {n Figs. 1 through 3 The

| heat shield. which ie at liquid-nitrogen temperature for tests below 77 K,
This chielding. in turn, is soparateci thermeny from the outer housing by

-acvlditional Styrofoani'material.- The insulation is coated with epoxy resin, W

’ cen structure, whic_h w__ould displace the blowing agent. - The cryostat houaing /

of the chamber. are rectangular and are conatructed of aluminum alloy.
The test chamber i{s accessible from the {ront through removable aactione :
of insulation and doors ‘on the houeing and ahielding. 'This arrangement = :

permita mounting and removnl of test specimens without removing the

[ 7 eryostat. - L ‘ R N TR
- ' o . P . . R .

The reaervoir supply tube incorporatoe 2 metale-to-metal aea!. The
" sharp edge of the stainless steel flange bites into the softer aluminum anoy
when the screws are tighténed. The scal is still perfect after the ‘metals
: e contract at 1ow temperaturea if the screws are long enough to provide the
' | necessary elasticity. | o o
Cartridge -type grip-rod assemblies (which can be easily removed from R
the test chamber) provido the pull on the specimen. Sealing between the
housing and the grip roda is provided by a bellows arrangement on top and
, o 8 ~dynamic O-ring seal on the bottom. The rods nre thermally connected

N e N
L R .

- to the heat shield by movable links with close tolerances. The temperature -‘: ;

e e

du‘terence across the gas gap is quite small, indicating effective heat . o

_shielding.. . . -
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tuhing which accornmodatea a. amaL. cartridge hea.ter and thermocouple :i_.:':

s

Wires. The heat ehielding as well as the grip-rod 339°mbu°° canbe .. .-

ke

: heated toAroom temperature in a short time after completion of the tencllc

¢

test, byf'meana of heaters., ! Additional small heaters and thermostats are
“provided on tixe .gripv-rod flanges and bottcm flange of the housing to _p'rcvent
| the O rings from freex ing and the apparatus from frosting up-l An added
feature of the hol.low grip rod. is the provialon for cooling the tube on the
'inside as wcn as the outaide by the cold exhaust gas, thus intercepting a L
larger amount of conducted heat. Specimen shields on the grip rods contaln
_the cryogenic fluid and assure economical cooling. . .

Figure 4 is a diagrammatic view of the llquid-helium tranafer nne. ks

’ which {s also used for the trax_mfer of liquid nitrogen for tensile tests above _‘ S .

: }:; T7°K. It consists of three parts: the distributor, the cryostat section,
land the dewar section, T et o o ;
The distributor is locatad insida the cryostat ‘and coneista oI a thln-walled |
" .. stainless steel tube of small diameter with a number of pgrtoratio:m through L b
E ivhich refrigerant is blown ag#inst the specimen. It ls connected and aealed
to the cryostat sactlon by a tapemd-»ﬂange fit and nut.
'I‘he cryoatat aection contains a thin-waned stainless eteol tube aesembly
encaaed in a vacuum jacket. The section is bolted at the bottom flange to - 1
the wall of the cryostat in a fixed vertical poaition. The top flange has a - 3
right-handed thread and accepts the nut that operates the bayonei-type vialve, | ,
A vacuum pumpout for the jacket is provided on the botmm flange, incorpomting

o :
‘a safety relief valve to prevent the tranafer line from being damaged in case l; N

,”‘ leak should develop in the vacuum Jacket. The copper-tube section of the

vacuum jacket is connected thermally to the heat shield {n the cryostat by |
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"a gaa gep with close tolerances. _Thus it sorvee as radiation shield as wen
‘a8 cold tormlnal on the bayonet-joint tube. A bellowe betweun the copper
tube and the bottom flange serves to relieve stresses in the tube caused .

by thermal dimensional changea in the txanafer line.

'vacuum jacketed by aectiom of larger-diameter stainless steel tubing. |
5 Spiral-ahaped spacers, made o£ atripa of thin atainleas stael sheet. are

’aoldored to the outside of the inner tube at critical locations in crder to

f.aclug the same way to faciutate 'stabbing’ the cryostat section and \thq _‘f
réfrigerant dewar simultaneously during the connection operation. . The’

" end of the connector to be ‘coupled to the cryostat section is a stainless

bo_te_el tube, soldered to 2 tapered f{lange, 2 nd represents the stem of the ¥
3 bayemtnfype valve. A Teflon washer serves as the stem tip. The two L
. concentric tubes of the valve fit fairly cloaely. otherwise sealing by g

Teﬁon O ring would prove imposaiblc. Their low croas-sectlon areéa

h

" make them efficient heat necks and result in & saving of liquid helium

'Sealing at the warm end of the valve is provided by a rubber O ring.: “fhe
flange above the valve stem has a left-handsd thread for the nut which opens j
and closes the valve, This flange also contains & pumpout with a aafety o : '
" relief valve for the vacuum jacket of the dewar section. The bellows in ’ :
- this section is used for thermal stress relief. A sliding dewar seal auembly __:;-_;“4' "
; allows the valve to be opened and closed without diaturb{ng the connectlon ; :‘ ’
N between the transfer line and the dewar. It also adjubta readny to any |

smau variation in height of cufferent dewars.




Thls is achieved by varying

: tlic flow of vrefrigerant into the 'taat chamber.’

':'thc pressure differential botweon that in the refrigerant supply dewar and the
, back pressure in thc chamber to obtain the desired flow, The temperature ;

" control cpparatuc is similar to one described by Wessel, 1 consisting of - .

a temperature controller—recorder.v.a'-dc amplifier, a potentiometer, and

thermocouple leads with a constant-temperature bath.

: III._ TEST PROCEDURE

_,_maébino tn ﬁrpatcfuny adjuatod poaition insuring free movement of both -

| grlp rods, Tho top grip rod is connected to the load cell on top of the fixed .

X
"&’ . S

croaahead. and the bottom grip rod is fastened to the movable crouhoad.

The cryoata.t section of the liquid helium transfer line 13 bolted to the back s
of the tost chamber, and the distributor inside the chamber is clamped to

that section.

o
v ~

. After the cryostat has been opcncd by removing the doors and sect!one
ol 1neulation. the specimen shlelds are lowercd and the teat specimen ls
mounted on the grip rods and pinned to tho holdera. - Then the Bhlelds are
raised ln placo again. and care is taken to screw tho ehicld seal nut tightly :
. agal:is‘t thé coliax of the bottom gt'ip rod. The bottom shield, in turn; is
screwed tightly agalnst the nut to prevent leakage of llqutd rcfrlgero.nt
A.I'through the threads. o | | R
Now the test chamber is closed and the liquid helium tranafer ltne is .

Navconnectcd to the pre ;-positioned refrigerant dewar and the stationary
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}':above in. a vertical motion. The bayonet joint gives rotatlonal (la.z'ge)

(amall) movement to compeneate £or small differences in position of the -

dewar, During the cool down pemod of the cryostat the bayonet-type valve
“ on the line rema.ins closed until liquid transfer is required.: A moderate
i__"vvacuum is being pulled on the test chamber to eliminate as much alr and

moiature as possible. Then fuling of the ehlelding reservoir with liquid

| nitrogen 13 followed by direct addition of liquid nitrogen to the inner test ‘
:chamber. For tensile testa below liquid nitrogen tempereture. the nitrogen

" 13 removed by evecuation after cool down o! the chamber to 77°K has been |
) completed. "Then helium éae is admitted to the cryoatat to flush the reeidual M
'f_‘nitrogen gas; and a vacuum ie pulled once more. Next the liquid helh_xm is |
 moved from the storage dewar to the precooled te‘st chamber by itnpoeing a -
: elight overpressure (2 to 3 ocncee') on the surface of the liquid by meahe of
. bottled, pure lzxel.ium.' gas and by o}erﬂng the valve in the transfer ltne b‘y T

means of the valve nut, which has right-:and left-hanced threads, Heat l's- s

: extracted from the internal compone'xte of the chamber by vaporization of

The manual valve on the manifold is open during this time for rapid exhe.uet ~ 5
of large volumes of gas warmed m the initial cool-down. As the destred g
E-'temperatnre is approached. the manual valve is eloeed. leaving only the

emall eolenoid valve open. The tensile test may be started when the '
o predetermined temperature is reached. o C ‘ '_ - ’
Upon completion of the experiment, the now of cryogenie liquid is \
diecontlnued. and the heatera_ere turned on to warm the test chamber to | 5
. room tempereture. The warm chamber may thed be opened and the epecimeq

removed. |



lﬁqﬁid. ‘ For‘ténsile experimenté at 4°K about 4 to 6 liters of liquid helium

K”ar:e used, which includes botb; the liquid'cpns'umed' due to transfer loas.es>'.:*5}

and that due to ‘boilv-off. At higher test temperatures the consumption of

,.Vcryoge.xuc liquid is proﬁ»ortion&llyl@m becauss of lower heat influx and™

o

ET g

c_dl& gés to absorb heat.

:7 ‘the ability of the
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i Fig. '1 Crosa-sectional side view of cryostat. A, bousing; B, houslng

door; C, heat shield. D, heat shield door, E. specimen ahields...

F, shield seal nut, G, grip rod; H, specimen holder; I, opecimen;

;'J. grip-rod aupport. K. wire exit; L. coolant exhauot, ‘M, liquid ™

Photograph of the cryostat in place on the tonelle tester. ‘The

doora and insulation sectiona are removed and tho test speclmen ia

s

shown mounted on tho grip roda, L

> oyt
~‘ A

- Fig. 4 Cross-sectional view of liquld holium transfer line. A. diatributor: ‘

B cryosta.t sectlon. C, dowar soctlon. D, valve nu:; E, dewar seal

'nut; F, dewar sea.lx G, Teflon' fe) ring: H, Taﬂon valve seat: 1, bayonet-' O

type valve' Je hoat shield, K, vacuum and relief valve' L, presaurizlng

va.lvo. M, apiral-ahaped spacer.
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