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CHAPTER I

INTRODUCTION

The effects of stress concentrations on the mech
anical properties of various materials have been examined 
extensively for many years. With the increasing use of 
cryogenic propellants9 however, such as liquid hydrogen 
and liquid oxygen in missiles and space vehicles, the 
need to evaluate the effects of this parameter on the 
behavior of high-strength materials at very low temper
atures becomes extremely important„

k  property of vital importance to the aerospace 
application of materials is the resistance to brittle 
fracture0 Brittle fracture can be introduced by stress 
concentrations with varying degrees of'notch— due to 
welding defects, tool marks, assembly eccentricities, 
and so on0 These conditions contribute to brittle 
failure and become even more significant at low temper- 
Matures/' , ; j ^  ; • : . , : ' / ■ '

Furthermore, in aerospace design, materials with 
a high strength-to-weight ratio are of prime considera
tion, because weight is an extremely important factor in 
missiles and space vehicles < Of these high-strength

■ . 1 ■■ ' ' .



materials9 titamimm alloys are most promising because of 
their high strength, lightness, and corrosion resistance« 
Moreover', the ill-Beta alloy Ti-13V-110r-3&l,* offers the 
highest uniaxial tensile properties of the available 
titanium alloys« Strengths greater than 200,000 psi can 
be obtained at room temperatmres after proper aging«, This 
Ti-13V"lier=3Al titanium alloy was produced initially for 
missile applications, such as solid-propellant rocket 
motor eases, in which extremely high strengths are required 
for short periods of time*

This Investigation attempts to determine how 
stress concentrations and low temperatures affect the 
resistance to brittle fracture of high-strength materials 
based upon experimental tensile tests of the Ti-13V-llCr~ 
3il titanium alloy under these conditions.

* The composition of Ti~13"V"~llCr-3Al titanium 
alloy is- shown on page .19« . .
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v BRITTLE FAILURE PHENOMEm '

' Frequent catastrophic failures of structural com
ponents through the phenomenon of brittle fracture have 
distressed materials application and design engineers for 
many years0 Most of the information about brittle frac
tures at room and low temperatures^ however<> has been 
collected during the past decade (1-5)

As used in Materials Science9 brittle fracture 
refers to a failure phenomenon that occurs suddenly 
without warning and propagates rapidly without further 
increase:in applied stresses9 usually to the point of 
complete separation of the structural component (5)=

The occurrence, of brittle fracture may be recog
nized by several distinguishing characteristics<, The 
fracture has a plane surface and in a failure caused by 
tensile loading the normal situation is for this fracture 
plane to be perpendicular to the direction of stress<, A 
brittle fracture is highly localizeds with only a small 
volume of the material being involved«, The volume of the

* Numbers in parentheses indicate reference num
bers in the bibliography„



material taking part in such fracture decreases with the 
increase in brittleness»

Completely brittle fraetures9 howevers are never 
observed in practice (7)-= Also$, the surface of the frac
ture is comparatively bright and granular9 and is often 
described as crystalline, but there is frequently a well- 
marked 8$chevronto pattern with the apices of the chevrons 
pointing back to the source of the fracture (8)«,

The principal external and internal factors which 
influence the brittle fracture of materials are as fol
lows: ' '

External factors 
Ao Temperature^
Bo Size, severity, and geometry of the notch*
Go loading conditions and stress state® 

r v y ' Do Siz e of sp ecimen or the structure«,
Eo Residual stresses®
Fo Environmental conditions=
Int ernal factors 
A. Alloy compositiono 
Bo Mierostructure and .grain sizeo

1^ (nonmetallic and

Do Prior strain history<
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Many excellent books and papers have been written

analyzing each of the preceding factors» This author be
lieves, however9 that the predominant factors influencing 
the brittle failure of metallic materials are temperature 
and the stress concentrations at notches,

I, Effect of Temperature
The majority of the mechanical properties of en

gineering: materialsiare affected by low temperature.
With few exceptions9 the strength of solid materials is 
greater at low temperatures, This generalization holds 
for both crystalline and noncrystalline solids (9p 10),
In metalSy part of the increase in strength at low tem
peratures results from the removal of thermal energy 
which assists dislocation motions the major mechanism by 
which metals deform under stress (11)o

As the temperature is decreased, the yield 
strength increases differently for each class of metals 
as illustrated in Figures 1*2* and 3, The yield strength 
of face-centered cubic metals is increased gradually as 
the temperature is lowered* while body-centered cubic 
and hexagonal close-packed metals exhibit greater in
creases in yield strength at low temperatures.

Among.the mechanical properties* ductility is of 
primary importance, Ductility may be evaluated from the
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percentage elongation or reduction in area determined by 
tensile testss and is a measure of the ability of a 
material to deform plastically under conditions of slowly 
applied loadsp without stress concentrations caused by 
discontinuities in the geometric configuration =

The ductility of soiae metals is altered at low 
temperatureso Figure 4 shows the variation in duetil- 
ity, based on percentage reduction in area, with decrease 
in temperature for two types of metals0 An examination 
of Figure 4 shows that the face-centered cubic metal, 
copper, shows a small but proportionate change in duc
tility with decrease in temperature» On the other hand, 
for the bbdy-eehtered cubic metal, iron, there is a 
large sudden change in the indicated ductility at low 
temperatureo :

In generalp the ductility of face-centered 
cubic metals is relatively independent of temperature, .
but metals of other erystal-lattice type, especially the 
body-centered cubics show a tendency toward brittleness 
at low temperatures^ Therefore9 it can be seen that a 
distinction must be made between those metals which may 
show a transition from a ductile to brittle state as 
the temperature is decreased and those which do not„

Metals which do not show a ductile-brittle trans
ition are the face-centered cubic metals0 Copper, nickel.
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all ©f the copper-niekel alloys9 aluminum arid its alloys9 
and the austenitic stainless steels» (all face'-centered 
cubic)s remain ductile down to the lowest temperatures to 
which they have been measured if they are ductile at room 
temperature0

All other metals should be considered to have a 
ductile-brittle transitionp at least until proven other
wise = Ironp molybdenum9 tungstens and eolumbiuaip (all 
body-ceritered cubic), have a ductile-brittle transition 
and become brittle at low temperatures« The hexagonal 
close-packed metals are intermediate between the face- 
centered cubic metals and the body-centered cubic metalss 
Zinc p beryllium^ and magnesium become brittle at low 
temperaturesp while zirconium and eommereially-pure 
titanium remain ductile (12)o This duetile-to-brittle 
transition has been observed in many of the metals having 
more complex crystal structures9 as in tinp bismuthp 
telluriuma and antimony (13)«

The transition from ductile to brittle behavior 
occurs over a rather narrow temperature range,, The 
temperature at the center of this range is called a 
^transition temperature^ (14)° Various tests have been 
designed for determining this transition temperature„ As 
a resultp a number of transition temperatures can be deter 
mined for a given material through the many possible



combinations of fracture criteria and external factors 
associated with various types of test specimens and load
ing conditions o For examples there are the 15 ft -lb 0 
and 50 percent ductile appearance transition temperature 
in the eharpy test (15K  the fracture transition in 
Tipper test (16)s and the nil ductility temperature in 
the drop^weight test (17)° The notch tension test has . 
also found increasing use in the evaluation of high- 
strength materialso This test is most suitable for 
studying the ductility transition behaviors especially 
in sheet materials where impact testing might lead to 
difficulties (18)»

Metallographic examination of the surface of 
separation of specimens broken above and below the 
transition temperature shows differences in the mechanism 
of fractureo These two modes of fracture are called the 
^cleavage®5 and 88shear18 modes c

Parker (19) did experimental work to determine 
the mode of fracture in steel at room temperature and at 
liquid nitrogen temperatureo He found that for steel? 
the shear fracture follows a path parallel to the cube 
diagonal of the crystals ? while the cleavage fracture fol
lows the cube face* In additions he shows that shear 
stresses are responsible for plastic flow and for shear 
fractures? while tensile (or normal) stresses cause
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eleafS-ge failures = Consequentlys shear fractures follow 
planes of maximum shear stress on a microscopic scale, 
while cleavage fractures follow planes perpendicular to 
the direction of maximum tension0

The nature of the stress system is of major 
importance in governing the behavior of materials 0 When 
the ratio of maximum shear stress to maximum tensile 
stress is high9 ductile behavior and a shear fracture 
mood are to be expected0 When the ratio is reverseds 
brittle behavior may be expected*

IX® Effect of Notches
For an unnotehed tensile specimeng the stress• ■' - ' '  ̂ - :

is assumed to be uniform across the section, and since 
there are no transverse forces the specimen is free to 
undergo contraction in both width and thickness direc
tions ® On the other hand, by introducing a notch into a 
tensile specimen, a non-uniform distribution of longitu
dinal stresses is established with a maximum value at the 
apex of the notch and transverse stresses are set up in 
the vicinity of the notch® The longitudinal stress at 
the base of the notch may be several times the net section 
stress or average stress, but it drops abruptly to zero 
at the notch opening® Also, it decreases rapidly as the 
distance from the notch apex increases®
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The increase. in -the:• shress at the root of the

notcli is determined tey the theoretical elastic stress-

age stress at the section containing the notch and the 
maximum stress at the notch root is given by (20)

a~ max ~ Kt crav0

In addition j, the stress gradient (18) at the location of 
maximum stress is given by

is not known exactly. The plastic deformation of the 
materials as the load is increaseds will reduce the stress 
concentration at the base of the notch. Moreover, the

form. The investigation of Sachs and Lubahn (22) on 
steels led to the eoheluslon that any stress-eoncentration

concentration factor. If is the elastic stress- 
concentration factors the relationship between the aver-

dx cry = crmax
2 o~max 
r

where f is the notch root radius (Eig, 5)=
; (-The,, state , of -stress' that .-exists in the vicinity

of a notch can be' expressed exactly's provided that the 
notch is of a simpie geometric form, and the material is 
elastics homogeneous9 and isotropic (21), However, after 
some plastic deformation has occurred, the state of stress

stress distribution across the section becomes more uni
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factory however high it may be in the elastic region,- • is... 
reduced practically to unity by an average plastic strain 
as small as 2 percento This reduction of the stress 
concentration, however, in the plastic region may be 
applied to ductile materials where large plastic deform
ations take place, compared to brittle materials where 
the amount of plastic deformation is extremely small*

The fracture of notched specimens does not start 
at the same place for all classes of materials* Frac
tures that are promoted by sharp notches, low tempera
tures, high strain rates, and brittle materials start 
generally at the base of the notch and proceed forward 
to the center of the specimen* This type of fracture 
is governed by the stress concentration at the base of 
the notch and is characteristic of brittle behavior*
On the other hand, fractures that are promoted by mild 
notches, high temperatures, low strain rates, and duc
tile materials start at the center axis of the specimen 
and propagate progressively toward the outer surface (21)* 

The magnitude of both the initial stress concen
tration and the induced transverse tensile stresses 
depends on the geometry of the notch* Sachs, Lubahn, 
and Ebert (23, 24) did considerable work on the influence 
of notch geometry on the notch strength of several steels* 
They found that the notch strength increases with inereas-
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lag iiotcte depths approximately linearly? ©aly if the 
strengths ©f the steels is low or the notch radius is 
large9 and decreases fey a minimum for sharply notched high- 
strength steels at am intermediate notch depth=

In additions the behavior of a notch is affected 
fey the thickness of the specimen» Experiments done fey 
Parker (25) on steel show that when sharply notched speci
mens are made geometrically similar and tested at various 
temperaturesg the thicker ones fereak in a brittle manner 
:at ordinary,temperatures, while the,thinner ones remain 
ductile even at low temperatures» Repke^ Jonesa and Brown 
(26), also did investigations on the influence of sheet 
thickness on an allf-Beta titanium alloy and they concluded 
that the sharp-edge-moteh strength decreases with increas
ing thickness to a nearly constant value from 0o©63 in0 
to O0I3O in= thicknesso

The intraduetion of a notch creates triaxial 
stresses» This triaxiality at the notch root causes am 
apparent increase in the yield strength which, in turn, 
increases the average or mean stress required to cause 
plastic fractureo It is apparent that triaxiality can 
raise the yield strength to a sufficiently high level of 
the fracture stress that the material will 'exhibit brittle 
behavioro Qn the other:hand, if the temperature is suf
ficiently low, the applied load can cause the fracture
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stress to become greater than the yield strength and a 
perfectly brittle eleavage~fracture will result^ with 
no measurable plastic deformation (20)„

All materials are not affected to the same degree 
by the presence of a notch. The ability of a material to 
resist failure in the presence of a notch is associated 
with toughnesso Toughness is a measure of resistance to 
failure under conditions of impact loading and/or stress 
Concentrations. Toughness may be measured by impact 
tests, by tear tests, or by determining the notch-to- 
unnotched tensile ratio (27)=

The usual method for determining the toughness 
of a material is the impact test, such as the Gharpy or 
Izod test. These tests are an indication of the ability 
of a material to absorb energy under an impact load in 
the vicinity of a notch up to failure. However, the 
notehed-to-unnotehed tensile ratio is gaining acceptance 
as a criterion Of the toughness of a material exposed to 
cryogenic temperatures.



CHAPTER III

EDCPERIMEHtAl, PROCEDURE

MATERIALS TLe eomposition and condition of the Ti-13V- 
IlCr-3AIi titdnlim alloy as rec eived are as follows %
'■ :/r ' Heat numbers V ; D-2931

Thickness2 0oG63 in, ' A
A . Conditions . Solution treated and aged

Carbons . 0=016%
Nitrogen: 0=025%
Hydrogen s . 0 = 015%

- \ Iron: ■ 0 = 15%
Aluminums 3 =2%
Vanadium: 13 =6%
Chromiums 10 = 8%
Titaniums 72=194% '

TEST SPECIMENSs The smooth and edge-notched sheet tension 
specimens used are shown in Figures 6 and 7= These test 
specimens were prepared in accordance with the report of 
the ASTM committee on the fracture testing of high- 
strength sheet materials (28)s with the exception of the 
• root radius which was varied in order to obtain a range 
of stress-concentration factors=
1 ; w'':/ ■ 19 ■ ■.. '■. ? - :
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Jtll tensiie specimens were inspected and measured 

individually for area determination e The radii of the 
apex of the notch in notched specimens were measured with 
a 20x optical comparatoro

HEAT TREATING: The investigations of Espey at al (29)
and Titanium Metals Corporation of America (30) have 
shown that, in the Aged condition, the Ti-13V-110r-3Al 
titanium alloy is very brittle at room temperature, and 
that no tensile test data can be obtained at temperatures 
Much below ambient i Consequently, the material had to be 
annealed to put It back to its solution treated before 
aging condition in order to obtain any data at cryogenic 
temperatureso

In addition, the specimens must be heat treated 
to avoid the possibility of residual stresses induced 
by machining being present 0 The recommended temperature 
given by Titanium Metal Corporation of America (30) is 
1425 F ±  25 F for standard annealingV

By heating the specimens to 1425 F for 30 min
utes, followed by air cooling, the Ti-13"i-llCr~3Al 
material lost its aged properties and was stress relieved0 
To eliminate surface contaminations, an inert atmosphere 
was created by using argon in the furnace«,



TEST EQUIPMENT g The 60;000,lb» capacity Tinius-Glsen Uni
versal testing machine-was used at both room and eryogenie 
temperatures« The apeciaily-bnilt cryogenic fixture 
(eryostat) for the low™temperature tests was installed 
between,the stationary and moving cross heads» This 
eryostatp which is shown in Figure 8, is made of stain
less steel, 18 in0 high and 6 in0 inside diameters - with a 
vacuum space separating.the inside chamber from the outer 
one for better insulation« This arrangement is necessary . 
when liquid helium is used0 The eryostat was attached 
to the lower cross head of the tensile machine6

'' in' all:testSs spin88 grips were used to assure 
proper load alignmentV : ' , \ .

The extensometer used included a strain transfer 
devices consisting of a rod inside a tube, which exten
ded through a hoie in the cover of the eryostat and 
actuated an externally“mounted Daytronie Corporation 
transducer model 102B“600o The rod and tube were separ
ated from each other and from the eryostat by a plastic 
tube in order to allow relative motione

Direct measurements of temperature were not made = 
&t room temperatures the specimens were assumed to be 
at 80 Fo At cryogenic temperatures9 the specimens were •
assumed to be at the temperature of the refrigerant 
after time was allowed to reach, equilibrium„
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'TEST PROCEDUREg The tensile strength,, yield strength 
(Go2 percent offset), elongations and notch tensile 
strength under each set of conditions were determined»
The yield strengths, were determined from stress-strain 
diagrams based on a 2 ino gage length=

The elongation measuring deyice was attached to 
the specimen by spring loading in order to minimize any 
stress raisers that might have caused premature failure,, 
particularly at cryogehic temperatures0 The strain rate 
for all tests, unnbtched and notcheds was 0®001 in0/in0/ 
minute until fracture0

, The notch strengths were based on the cross- 
sectioned area of the specimens at the roots of the 
notches# Notched specimens with four different root 
radii Were tested at each of four different temperatures#-.V . . , v r  . : . '
These radii were selected to correspond to four values 
of the theoretical stress-coneentratioh factor (K̂ .) #
These K̂. values were lo5s 2, 2#5s #nd 3®5«

The four temperatures were -452 F, -320 F,
-100 F, and SO F# The three low or cryogenic temperatures 
are approximately the boiling points of liquid helium, of 
liquid nitrogen, and of a mixture of dry ice and acetone# 
In each test at cryogenic temperatures, the specimen was 
kept submerged continuously in the liquid refrigerant for 
about 15 minutes before applying the load#



CHAPTER 17

EVALUATION OF.RESULTS

The effect of test temperature on the strength of 
the unnotched specimens of Ti-137-ilCr-3Al titanium alloy 
is shown in Figures 9 and 10, Figure 9 shows the engin
eering stress-strain curves of this selected aerospace 
alloy at 80 F9 -100 F, and -320 F temperatures. Each 
curve represents the average of at least two tests.
Tests attempted at the temperature of liquid helium 
(-452 F) yielded no results due to the unexpected frac
ture of the specimens above the gage length* and because 
the supply of liquid helium and of test material was 
limited.

The yield point stress and ultimate tensile 
strength were found to increase with decreasing test 
temperature^ as shown in Figure 10, This considerable 
and propqrtionate increase in tensile and yield strength 
is in agreement with other investigations (26, 30} and 
amounts to 11? percent between room temperature and 
-320 F, -

The percentage elongation of Ti-13V-llCr-3A1 tita- 1 
nium alloy (Figure 11) shows a gradual decrease as the

26
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TABU I

Data from TJnnotched Sheet Tensile Tests

Temperature
®F

Yield Strength 
0o2% offset 

x 1000 psi
Tensile 
Strength 
x 1000 psi

Percent.of 
Elongation

80 122 130 14
-100 173 176 6,5
-320 . ' 272 • 282 0,8

TABLE 11
Data from Notched Sheet Tensile Tests

Temperature ®F ; %
Notch 
Strength 
x 1000 psi

Notch
Strength
Ratio

80 1,6 166 1,28
80 • -■; 2,0 7. , 161 1,24
80 " ■ • ' ;2o.5 ■ f :■ '■:'. 155 1,19
80 ■. V- ''".3:,5 149 lol5

-100 206 1,17
-100 :y"7- 7' 2 o 0 , > 202 1,15
> 1 0 © V r' . 199 : 1,13
-100 3 »5 195 1,11
-320 7  ̂ ■ 1,6 192 0,68
-320 2,0 > ■'183 0,65
-320 ' 2,5 / 155 ^ 0,55
-320 '■■■-•'■■.'3.5.'".'. 146 0,52
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temperature decreases. Since the percentage elongation 
may be used to evaluate the ductility of a material, it can 
be seen that this alloy tends to lose its ductility at 
cryogenic temperatures and becomes quite brittle at the 
temperature of liquid nitrogen (-320 F).

Based upon the appearance of the fracture of the 
test specimens, a transition from ductile to brittle 
state occurs at a temperature between -100 F and -320 F. 
Although no detailed evaluation of fracture appearance 
was made, essentially both flat or oblique shear frac
tures were observed. The fracture at room temperature 
and -100 F shows an oblique Shear failure, while at 
-32© F the fracture is along a plane perpendicular to 
the stress direction and granular in appearance. The 
latter fracture is characteristic of brittle failure.

The notch strength^ defined as the maximum load 
divided by the original bross-sectional area under the 
notch, increases as the temperature decreases to -100 F 
(Figure 12), and then decreases with a further lowering 
of the test temperature. Furthermore, the notch strength- 
ratid (notch strength to ultimate tensile strength, at 
test temperature), shows a sudden change from values 
above unity at room and -100 F temperatures to values 
significantly less than one at -320 F, as shown in 
Figure 13V
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The notch-strength ratio (see Table II) decreases

with increasing values at the stress-concentration factor 
(K^). This stress-concentration factor was determined 
by the equation

This equation is used to report values by General 
Dynamics/Astronautics (31, 32).

the notch strength and the unnotched tensile strength, 
at test temperature, can be used for high-strength sheet 
materials as a criterion of their toughness. For prac
tical purposes, values above unity indicate an extremely 
notch-tough condition, while, with a decrease in the 
notch-strength ratio, the notch toughness decreases 
(the notch sensitivity increases). However, when the 
notch-strength ratio is equal to unity the notch test 
becomes less sensitive to embrittling factors and the 
notch strength is limited primarily by the tensile 
strength rather than the toughness. Consequently, Ti- 
13V-llCr-3Al titanium alloy shows a high notch toughness 
at room and -100 F temperatures, while at -320 F it be
comes very notch sensitive.

Values of the notch-strength ratio also permit 
qualitative comparison of materials regarding their notch

1/2 width between notches 
radius of the notch

As pointed out in Chapter II, the ratio between



■ ' . - 35
sensitivity -or fracture toughness <> Espey et al (30)»
using sMarp-edge notch tensile specimens (r = 0*0007 .in*) 
to compare various titanium alloys, among them T1-13V- 
llGr«=3A.ls with several high-strength steel alloys9 ob
served that the comparison of notch sensitivity in the 
high-strength steels and titanium alloys at equal strength- 
to-density ratios shows that the titanium alloys possess 
a superiority in notch toughness* Ihen comparing the 
various titaniu# alleys $ the not eh-st rength rat io is 
plotted either Us a function of the unnotched tensile 
strength or of the yield strength * For the purpose of 
comparing titanium to other materialsg however9 use is 
made of stremgth-to-density ratios9 and the comparison is 
based on longitudinal properties,

Ihen considering the notch-strength ratio, it 
should be remembered that these values will vary with 
the sheet thickness* The variation has been described 
for two alloys (26, 33), and must be considered when de
signing for specif ic applications *

As emphasized by Espey et al (30)s the use of 
notch-strength ratio as a particular indication of metal 
fracture toughness in service is predicated on a large 
body of experience, accumulated primarily at room temper
ature * There is no evidence to indicate that this 
approach would not be valid at cryogenic temperatures*



A corresponding background of practical experience has yet 
to be accumulated in connection with cryogenic service 
applications®
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The experiiften'bal results appear to establish the 
following conclusions for the Ti=-13F-llCr-341 titanium 
alloy in the solution-treated and annealed conditions

10 4t room temperature? it possessed high notch 
toughness and ductility,

2o 4t cryogenic temperatures^ it maintains high 
notch toughness down to -100 P but is quite 
brittle at -320 F0 

3 = The yield and tensile strengths are increased 
at cryogenic temperatures9 while the per
centage elongation is reduced to less than 
one percent at -320 FV 

4» If advantage is to be taken of the high 
strength values of this alloy* great care 
will be necessary in order to avoid small 
defects and other forms of high stress con
cent rat ion in components operating at cryo
genic temperatureso

37
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A large volmme @f additional experimental data 
is needed to cover adequately the properties of important 
aerospaoe materials at oryogemio temperatures= For 
example^ properties of the Ti-13¥“llGr-3Al titanium alloy 
are far from covered« Further experiments are needed to 
evaluate the effects of cryogenic temperatures on the 
dynamic properfless such as impact and fatigue^ for this 
alloyo These properties meed to be determined, also, for 
other titanium alloys and high-strength steels®

The following is a list of specific projects 
that are recommended for further study: .

1 e. Investigate the effect ©f cryogenic tempera
tures on the notch sensitivity of Ti-13¥-llGr- 
3&1 titanium alloy under dynamic conditions 
and compare the results obtained with the 
results from the static tensile tests®

2® Investigate the effect of cryogenic tempera- 
' - tures on the fatigue properties of TI-13T-

: - llGr-3&l tltamium ailoy® .



3 ® Determine the fatigue properties at cryogenic 
temperatures of other titanium alloys and9 
in generalj, of aerospace materials o 

To carry out the above recommended investigations8 
a number of instruments and testing equipment will be 
needed0 Such equipment includes 2

1» A  eryostat that can be used on the fatigue- 
testing machine and capable of holding liquid 
heliuma

2o Modification of the existing stainless steel 
eryostat to provide better insulation so 
that further tensile tests at liquid helium 
temperatures may be carried out»
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