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A SIMPLE METHOD FOR CHARPY IMPACT TESTING

BELOW 6°K
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Department of Materials Science and Engineering '
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Inorganic Materials Research Division,
Lawrence Berkeley Laboratory

ABSTRACT

This paper reports a simple, inexpensive technique for conducting
Charpy impact tests aﬁ tempefatures as low as 5 ; 6°K. A Charpy V-hofqh'
specimen is wrapped in styrofoam andgplacedinside é thin-walled luciée.
box. Liquid helium is then transferred to thg'box system at 2-3 psi
dewar préssure.and a flow rate of approximately'2:liters/minute using a
vacuum insulated transfer line., A steady staté'témperature of 5 -~ 6OK
is quickiy attained and maintained as long as helium transfer is continued.
Tests comparing the.proposed technique to the ASIM standard method at
liquid nitrogen temperature indicate that a reaéonably accurate impact

energy is obtained.
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‘I.'-INTRQDUCTION

Impact testing at temperatures down to T7°K (liquid nitrogen temper-

ature) is foutineiy'accomplished according to ASTM‘specifications, The

‘ specimen.is transferfed in’open air from a liquid bath to the test machine

anfil and.the pendulum is released within five seconds. However, this
méthod is“impractical at lower temberatures sinCeftﬁé low heat capacity
of the metal leads to a rapid ihcrease in speciﬁen temperéture during
transfer. |
‘ To obtain valid iov—temperature data DeSisto(l)'designed an appar-
atus consisting of an evacuated enclosure which houses both an impact
machine and an éutomatic feed mechanism which rapidiy inserts specimens
cooled in liquid helium into the test machine ahvil;‘ He was able to
obtain data at insténtaneoﬁs sample temperatures near BOK., In other
work‘Kiefer, et a1(2) employed a glove-box arrangemeﬁt to manually trans-
fer speéimens from an open-mouth dewar of liquid‘hydroéen to the test
machine under inert atmosphere. They report tesf'tehpefatUres neér 25°K
when tested within 2 seconds.

| While these techniques have permitted impactvtésting at low tempera-

tﬁre,{the elaborate apparatus required makes them impractical for use in

many laboratories, including our own. We therefore sought a new and

- simple method to employ'in'current'research on the design of tough alloys

for cryogenic use. Since our research concentrates on alloys of body
centered cﬁbic structure whose mechanical properties are typically

sharp functions of temperature in the cryogenic region, we were particu-

larlyvanxious that the test téchniqﬁe allow_close'témperature control
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and insure the absence of appreciable thermal gradigﬁts in the specimen
at the moment of impact.

Our épbfoach was to encase the test samplés Vithin individual.in-
sulaﬁing boxes which permif'us to retain a cOntfollea sample témperature
near liquid he1ium temperature during the impact'fest. 'The requirements
for a suitable boxing arrangement are that.it must be anlefficient insu-
iator which withstands cooling to liqﬁid helium‘temperature but contri-
butes negligibly to the measured Charpy energies; :These requirements
seém'well satisfied if we emplpy a thin-walled.lucite box insulated
with open cell styfofoam which is continuously bathed witﬁ liquid helium.
Thé test procedure-and'itscalibra£ion are discuséed in the foiiowing
sections.

II. EXPERIMENTAL METHOD

A Charpy V-notch specimen is wrapped with open;cell styrofoam which
is>grooved albng thé;SPecimen length direction tbvallow an easy passage
of liquid helium (Fig. 1). The styrofoam surface is then wrapped with
Scotch tape. The insulated specimen isbthen insertgd'into a rectangular
lucite‘boxb(with one or two faces open) of 1/32" véil thickness having
two 5/16" diamter holes (Fig. 2). The cover for th§ open face is glued

'to the box system with Ethylene Dichloride solution. The Scotch tape
Vand the styrofoam layer underneath the 5/16" holes'are removed. A poly-
ethylene iniet pipe (3/8" I.D; and l/ﬁ"i) is glued to the box by Duco

Cement. A lucite outlet pipe (3/8" I.D. and 1"L) is attached with Ethy-

lene Dichloride solution.
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This box system is placed on the anvil of a'Charpy test machine.
Liquid helium is transferred to the system through'the inlet pipe from a

préssurized dewar using an ordinary vacuum-insulated -transferline. The

pressure.inside the dewar is maintained at around 2-3 psi by an external

supply of helium gas. Fig. 3 is an illustratioh.of_the method. In Fig.

4, the liquid helium is being transferred to the box system located on

the test machine anvil. A specimen temeprature of 5;6°K is quickly at-

tained andumaintained as long as the liquid heliﬁm'is transferred. Given

proper assembly, the lucite box does not crack during liquid helium

transfer. The liquid helium flows eaéily throUgh:thg system and can be -

observed through the box wall. The released pendulum breaks the whole
system. When the system is struck the weak bond at the base of the poly-

ethylene iniet pipe fractures, thus‘ensurihg the”safety of the helium

transfer line.

The open'cell styrofoam layer has two functions. It absorbs the
difference in thermal contraction betﬁeen_the lucite box and the speci-

men on cooling'to liquid helium temperature, therby preventing cracking

‘of the box and escape of liquid helium. It also alléws the interstitial
flow of liquid helium around the specimén for maximum cooling efficiency.

- After steady state is reached, a 1ayer‘of liquid helium surrounds the

metal specimen. Moréover, the insulated lucite_bOx'is extremely brittle

: at'liquid helium temperature and absorbs very little energy during test-

ing. '
Because of the restricted space in the anvil of our test machine,

the specimen lengbh was reduce to 51 mm from the ASTM standard 55mm

length. However, the shortened length does not seem to introduce.
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appreciabie'error. If the anvil were modified to ailbw larger specimens,

a full size specimen could be used.

III. TEMPERATURE CALIBRATioN, { 

The.specimen temberature was measured as a fgnction of time using
the following procédufe. |

A 0.1" diameter by 0.2" deep hole was drilledAih the calibration
specimen, and a 0;125" diametgr'by 0.5" long seciidn:Of bfaés tubiné was:
silver.soldered over the hole to éct as a collar'té’kéep liquid helium
away frdm,tﬁé monitoring thermocouple (as shown»ih.Fig. 2). For speci-
mens that Qere actuallyrimpacted,‘plaétic tubings of the same size were
glued to the speéimen) The insulating spacer and ﬁhé box were fhen aséem—
bled around the specimen.  A.thermocouple (Au+0.07 %Fe -~ Chromel) was’
inserted into the drilled hole'sd that it was in_gooarcontact witﬁ the
specimen.vETﬁe ﬁhermocouple was‘then glued to the brass tube and thé
brass tube seé1ed to the lucite box to prevent exdaﬁé of liquid heliﬁm.
This cbnfigufaﬁion.ensufés %hat.the thermoccuple ﬁeééﬁres the temperature
at the cenﬁerline'of the(speciménvfather than that of the bath of liquid-
helium in‘which the specimen is immefsedi

A tyﬁical teﬁperature tiﬁé curve obtained uéihg a dewar pfessure of
‘2—3 psi during tfansfér is shown in Fig; 5. Liqpié'helium transfer is

initiated'at t=0. ,Between>t=0 and tl, liquid heljum is consumed in cool-
ing the_traﬁéfer line and does not significantly affect the specimen
température. At tl iiquid helium begins to coblvthe ‘box'sySf,em.7 The

specimen tempefature drops to below 6°K in ébout'60480 seconds. It then

remains constant for as long as liquid helium is transferred. At t2 the

hissing sound -of the evaporated helium gas stops;ahd 1iquid helium starts

<5
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to come out of the outlet pipe. This evident chenge may be used as a

sign that»the'test temperature has been reached;jfThe pendulum may then

» be released, The specimen remains at_5-6oK uhtil impact.

After'testing; the helium transfer is haltediamd the next specimen

set uptfor impacting. The trénsfer line consumes very little helium for

its cooling-after the first test. Liquid helium consumption for the

- first test is approximately 5-6 liters. In continuous operation each

subsequent test consumes 2-3 liters of liquid helium.

Specimen temperetures both at point A and‘B'ianig. 2 (each point
is approx1mate1y one- fourth of the spec1men length apart from the notch)
were meaeured. ‘At the dewar pressure of 2 3 p51, the temperature gredient
was hardly netlceable. However, at'below 1l psi the temperature at A was
several degrees hlgher than that at B. Therefore; it is necessary to

keep the dewar pressure above a certaln level to malntaln a unlform speci-

men temperature.

IV. IMPACT TEST CALIBRATION

" There are two principal sources of error in the proposed impact test
technique: a positive error introduced by the lueite box and styrofoam

layer, and a negative.error due to the shortened specimen length. Both

‘errors appear to be small.

. ~Plastics such as lucite‘are_usually very brittle at low tempera-~

tures.  Several tests at liquid helium temperature»uere made with the

packlng syotem w1thout the metal spec1men 1n31de, and the

1mpact energy absorbed by the lucite box and the styrofoam spacer was

: less than_l ft-1b. When a box system with a specimen inside is impacted



the face ofrtpe lﬁcite box which is behind thebépecimenvis crushed, aﬁd
. this also_will coﬂtribufe'a smali positive error, o
| Unlcss the anvil of the test machine is modifiéé, the specimen length
must be. shortened from 55 mm to 51 mm. qu.véry2£§ﬁgh alloys this shor -
‘ tened lengfh‘may introducéja negafive‘error in the:measufed‘impact energy

because the maximum'possible angle of bend is decreased.

For the purpose of calibration, 17 Specimens of commercial 30k Stain-

' less'steé1 with_55 mm length were tested at liquid nitrogen temperature

according td’thé‘ASTM'specificafion (open-mouth traﬁéfer). Another 17
speciméns of“the same material ﬁith 51 mm length ﬁere tested iﬁside‘the
iucite box system by transferring liquid niﬁrogen tdithe box. The résults
are compared in Table 1. The difference in the average impact energy
obtained by these two methods was 3.6 ft-1bs (appquimaﬁely 3% of the
averége energy of this material), which was much‘léés‘than the average
scatfgring-éf the ﬁest data. The standard deviatién‘of data obtained
using the ASIM staﬁdardvmethod waé S.TVft—lbs. Lés;_éxtensiVe compafi-l
son tesfsiﬁith otﬁer cfyogeﬂic steelsvalso showed.ébdd agreement beﬁWeen
thé sténdard and the'prdboéed methods.

The small deviation in average impact energy'béfween the standard

" and the proposed method seems principally due to the difference in speci-

men length. This error may deérease if ﬁhe anvil‘of the impact machine

is adjusted to accommodate a 55 mm boxed specimen. The increased scatter

of data obtained with the proposed method wés anticipated since the box-

- ing arrangement introduces additional variables and since it is difficult

to ensure that the notch in the boxed sbecimen isfyéll centered in the
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_anvilr _Given that the Charpy impact test is at best a semi-quantitative
measure of the toughness ef a material, the mechanical accuracy of fhe

proposed test method seems reasonable.

- IV. . DISCUSSION

- The suggested test method hes been-esed rouéiﬁeiy in research 6n
cyrogenic elloys curren£ at Berkeley. Some resuitevare reported else-
where in this Conference(3). It offers two principelﬂadvantages. First,
the tests are inexpensive and may be performed on any available impect
machine whose specimen hoider will acommalate the bexed specimen. Second,
the method al;ows maintenance of a steady, uniform sample temperature
ef 5 - 6°k eﬂd,avoids thermal gradients induced by7sample transfer to the
anvil; ! |
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TABLE I

CHARPY IMPACT TESTING AT T7°K

ASTM Standard Method

Proposed Method

Standard Deviation 1. 8.7 ft—lﬁ  .

Test Tempe{ature _ | 77°K 77°K
Method of Cooling | open air traﬁgfer. box system
Specimen Length _' v ‘_ -55mm S1mm
Ayumber of Specimens Tested . 17 17
Avgragevlmpéct_Energy | 1245 £t-1b 120.9 ft-1b
13.8 ft-1b
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side is to face the metal specimen.)
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FIGURE CAPTIONS

Grdovesvmade aneach piece of the styrofbam'layer. (Grooved-

Specimen packing inside a lucite box (top;viéw).

Schematic'illustration of the test method’(front view).

Tranfer of liquid helium to the box system. (Liquid helium is
_ o \

about to come out.)"

Cooling curves obtained using Au(O;OT% Fe)'a chromel thermocouple.
- Thermoéouple tip is directly immersed in liquid helium.

"b. Specimen temperature when liquid heliﬁm-is tranferred.

ra
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