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BUBBLE CHAMBER SAFETY MEETING 

Repor ted by 
Joseph M. H a r r e r 

INTRODUCTION 

A bubble chamber safety meet ing was held June 29, I960, at Argonne 
National Labora tory ; R. H. Hildebrand pres ided . The objective, as e s t ab ­
l ished in the opening discuss ion, was to consider factors affecting bubble 
chamber safety and to de te rmine bas ic safety ru les applicable to design, 
construct ion, and p r e s s u r e tes t ing. It was agreed that discussion of operat ing 
r u l e s , while equally impor tant , would not be included. A l i s t of the people 
in at tendance is given below. 
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DESCRIPTION OF CHAMBERS PRESENTLY IN USE OR IN DESIGN 

Chicago Chamber (A), desc r ibed by R. H. Hildebrand. 

Status: 

Fluid: 

Size: 

Window: 

Body: 

Expansion: 

Vacuum Tank: 

In operat ion for 1 yea r . 

Hydrogen, 70 psi vapor p r e s s u r e . 

14 cm deep, 23 cm d iamete r , 10 l i ter capaci ty . 

10 in. d i ame te r , 1 in. thick Herculi te g lass . 
Tested for t h e r m a l shock in change from room 
to liquid ni t rogen t e m p e r a t u r e . 

Stainless s tee l , 90-100 psi operating p r e s s u r e . 

3 d i r ec t -ope ra t ion bel lows, about 10 total 
expansion. 

Tested to 50 ps i , capaci ty 10 l i t e r s of liquid 
hydrogen, 1 in. thick g lass windows. 

Chicago Chamber (B), desc r ibed by S. C. Wright 

Status: In design. 

Fluid: Hydrogen, 70 psi vapor p r e s s u r e . 

Size: 6 by 12 in. 

Window: 1-4-in, thick full t e m p e r e d g l a s s . 

Body: High s t rength a luminum. 

Expansion: Pis ton, of t i tanium alloy. 

Mura Chamber , desc r ibed by G. Tautfest 

Status: 

Fluid: 

Size: 

Window: 

Body: 

Expansion: 

Vacuum Tank: 

Magnet: 

In design. 

Hydrogen, 200 ps i . 

15 in. deep, 200 l i te r capaci ty. 

30 in. d i ame te r 4 in. thick half t empered g lass , 

Copper al loy. 

Pis ton, 12 in. d i ame te r , 2 in. t r ave l . 

Not designed, 2 in. by 3 in. viewing p o r t s . 
A splash pan is planned for protect ion against 
hydrogen sp i l l s . 

35 ki logauss with 5 kw excitation. 



R e m a r k s : In window design the pr incipal concern is with 
the flange and bolt de ta i l s . The use of an a r b i ­
t r a r y safety factor of 2.5 to 1.6 is not considered 
the bes t p r ac t i c e . We a r e considering using the 
s t r e s s values due to the na tura l frequency r e ­
sponse to the expansion period as a bas is for 
safety factor design. Concern is felt for the 
s t r e s s e s and heat load imposed on the chamber 
by the magnet . We plan to use nylon or s tee l 
space r s to take mechanica l s t r e s s . 

U. of Illinois Chamber , descr ibed by E. L. Goldwasser 

Status: 

Fluid: 

Size: 

Window: 

Body: 

Expansion: 

Vacuum Tank: 

R e m a r k s : 

In design. 

Hydrogen. 

14 in. d i ame te r , 8 in. deep, 22 l i ter capacity. 

16 in. d iameter l ^ i n . thick t empered g la s s . 

Copper. 

P is ton , 5 in. d i ame te r . 

Rectangular , I in. by 2 in, by 6 in, 

A beam window of Mylar or beryl l ium may be 
used for operat ion in an X- ray beam. P . Hernandez 
r e m a r k e d that Mylar windows somet imes give 
t rouble due to an e lec t r i c charge buildup. He 
la te r repor ted (by le t te r to J. M. H a r r e r , July 14) 
that a Mylar window has been in use on the 4 in. 
chamber at Berke ley for about a quar te r mill ion 
pu l s e s . It is -g in, d iamete r and 0.010 in. thick. 
The Mylar is p r e s t r e s s e d at room t empera tu re 
to the operat ing p r e s s u r e , which is held during 
cooldown to cause a min imum deflection at low 
t e m p e r a t u r e . 

Argonne National Labora to ry Chamber , repor ted by R. W. Thompson 

Sta tus : Design not s t a r t e d . 

Size: Will be l a r g e . 

U. of Kentucky Chamber , r epor ted by V. P . Kenney 

Status: In design. 

Fluid: Hydrogen, 



6 

Size: 

Remarks ; 

15 in. or m o r e , as required to achieve a 
field of about 100 k i log rams . 

Considerat ion is given to the use of unusual 
m a t e r i a l s , such as P y r o - c e r a m (Corning) 
which has high impact s t rength. 

BROOKHAVEN ACCIDENT 

Window Fa i lu re 

A window failure occur red in the bubble chamber at Brookhaven on 
June 25, 1959. The fai lure , descr ibed by L. Guer r i e ro , occur red while the 
chamber , which uses a methyl iodide-propane mix ture , was being tes ted 
for leakage with ni t rogen. The chamber was brought up to 480 psi twice, 
then reduced to a tmospher ic p r e s s u r e to r epa i r smal l leaks . P r e s s u r e 
was then increased to 480 psi the third t ime and held for 30 minutes . Then 
the glass failed. The genera l a r rangement is shown in F igure 1. 

Detail A 

Ng 5 0 0 psi 
^_ S ta t i c _ 

Pressors" 

Windows 

'^^^ZZuZlZZ2^2Zl 

3*-l2"-4/ 

15" 

Sofety Chombsr 

96 % " - B o l t i 

15"- 4 0 " • 

\ ^ Viewing 
^Windows 

r ,.^--1 fe'-Aluminum 
J r Plate 

0 R in f . 
u 

*o 

Pressure E» 

•t of Window Bolts 

Nieorta 

Window 68mm Thick 
485mm Diom 

Pgtoil A 

Fig . 1. Brookhaven Chamber 

The 96 bol ts , each-g-in. in d iameter , holding the end plate of the 
safety chamber did not rup ture , but were bent and str ipped from the cham­
be r . The safety chamber cover was hurled against s torage cabinets severa l 



feet away, crushing one of them. Glass f ragments from the window attained 
veloci t ies of 200-300 m e t e r s per second. Few pieces were as la rge as one 
inch in d i a m e t e r . Most of the g lass was reduced to a powder. 

The g l a s s , manufactured by Schott and Company, Germany, was 
68 mm thick, 485 m m in d i ame te r , and supported on a 381-mm d iamete r 
f r a m e . It was t e m p e r e d and had been tes ted to about 300 a tmospheres by 
the manufac tu re r . 

_Dis cuss ion 

A, V. Crewe suggested that tightening the flange may have induced 
s t r e s s e s in the g l a s s . Such s t r e s s e s might be found by examining the glass 
under po lar ized light when the bolts a r e t ightened. If the O-ring sea l were 
placed on the low p r e s s u r e side of the g la s s , the flange bolts need not be 
pulled up so t ightly. This miight prevent o v e r s t r e s s i n g the g l a s s . 

William Tuttle read a s epa ra t e r epor t on the accident, adding some 
of the information given above. 

Model Tes t s 

After the window fa i lure , rup ture t e s t s were run to gain additional 
information on how the glass ac ts when it r u p t u r e s . P r e s s u r e s were nneas-
ured and r eco rded as a function of t ime by coating the glass and sett ing up 
i n s t rumen t s . Normal plate g l a s s , not t empered , was used. F igure 2 shows 
the tes t equipment and the r e su l t s for two c a s e s . 

When hel ium gas instead of propane was used, the r i s e t ime to 
70 percen t of the final p r e s s u r e was about one mi l l i second. F rag inen t s of 
g lass scored the side of the safety box sect ion. F i r s t , the safety box end 
was removed and the g lass photographed to show the effect of glass move­
ment after r up tu re . Glass f ragments moved at 200 m e t e r s per second in 
a n a r r o w angle and at 50 m e t e r s per second at a wide angle. Next, the com­
plete safety box was removed. In this case the glass f ragments moved at 
200 m e t e r s per second in a n a r r o w angle and 100 m e t e r s per second in a 
wide angle . The compar i sons show the effect of safety chamber confine-
nnent on glass movement . 

At 60 cm from the or ig inal g lass face, the glass f ragments had s e p ­
a ra t ed in the line of flight (perpendicular to the or iginal window face) to a 
d is tance five t imes the or iginal plate th ickness . 

Second Brookhaven Chamber Design 

The exper ience gained at Brookhaven is being applied in a new 
20- in . chamber design, of which the genera l layout is shown in F igure 3. 
The new design was desc r ibed by William Tut t le . 
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Fig . 3. New Design of Brookhaven Chamber 

The provision of a shock absorber installed at the end of the cham­
ber is a feature of this des ign. It is made of one-inch tubing with a wall 
th ickness of 0.065 inch. Seventy foot pounds per inch p r e s s u r e is required 



to deform the tubing from 1 to 0.735 inch. Thus the total 142 feed of tub­
ing can absorb 10,000 foot pounds of p r e s s u r e . Assuming the glass does 
not d i s in tegra te upon r e l e a s e , the total shock impact to be absorbed is 
8260 foot pounds, based on a 5-inch acce le ra t ion in 0.005 second. 

The safety chamber end is held by a ring of 28 bol ts , S.A.E. 6150, 
each of -x-inch d i ame te r , with a total allowable s t r e s s of 20,350 pounds at 
160,000 psi per bolt . The total impact res i s t ing s t rength of the a s sembly 
is the re fore 570,000 pounds. 

The des igne r s plan to provide a 45-degree angle m i r r o r to p r e ­
clude the neces s i t y for d i rec t viewing. 

The Safety Commiittee does not favor using a vacuum tank designed 
to be deformed by a p r e s s u r e r i s e if the chamber liquid is suddenly r e ­
leased . 

DISCUSSION OF SAFETY FACTORS 

In a genera l d i scuss ion of safety, s eve ra l par t ic ipants offered sug­
gest ions applicable to design and operat ion, 

ASME Code 

Opinions were sought on the des i rab i l i ty of relaxing code design 
c r i t e r i a for chamber and assoc ia ted equipment. Most of those p resen t 
were opposed to re laxing safety f ac to r s , thinking they should r a the r be in­
c r e a s e d . These opinions were based on the fact that the code is for s ta t ic 
p r e s s u r e s , while the chambers a r e subjected to p r e s s u r e pulsing. W. Tuttle 
s tated that the r e c o m p r e s s i o n cycle can produce a momen ta ry p r e s s u r e 
r i s e t h r ee t i m e s the no rma l operat ing p r e s s u r e . He favored test ing cham­
b e r s at s e v e r a l t imes the working p r e s s u r e , with the windows blanked off, 
P . Hernandez s ta ted that if a safety commit tee des i r ed to re lax code r e ­
qu i remen t s , it should do so only in individual ca ses after carefully rev iew­
ing all fac tors involved. 

Handling Hydrogen Spills and Leaks 

Outside vents should be provided for pumping out the vacuum s y s ­
t e m . Hydrogen occas ional ly explodes in Kinney pumps , but without regu­
la r i ty . The explosion is usual ly confined to the oil r e s e r v o i r or vent l ine . 
Solenoid-operated valves to c lose the vacuum pump lines a r e instal led at 
Berke ley . They a r e opera ted by vacuuin sys tem in te r locks . 
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Safe ty P r e c a u t i o n s 

The fo l lowing p r e c a u t i o n s w e r e s u g g e s t e d : 

1, N e v e r p r e s s u r e t e s t g l a s s a t r o o m t e m p e r a t u r e . 
2, O v e r d e s i g n the v a c u u m c h a m b e r to p r o v i d e m a x i m u m 

c o n t a i n m e n t . 
3, Seek a m e a n s of d e t e c t i n g l o c a l s t r e s s i nduced by s e a l t i g h t e n ­

ing in g l a s s . The p o l a r i z e d l igh t s y s t e m r e q u i r e s s o m e s t u d y 
and t e s t i n g . 

4 , B e f o r e u s e , t e s t a l iqu id h y d r o g e n c h a m b e r and g l a s s to s o m e 
o v e r p r e s s u r e a t o p e r a t i n g t e m p e r a t u r e . T h e n o p e r a t e wi thout 
l e t t i ng t h e un i t r e t u r n to r o o m t e m p e r a t u r e . 

5, E s t a b l i s h a va lue of a l l o w a b l e d e s i g n s t r e s s , B e r k e l e y u s e d 
40 p e r c e n t of y i e ld . 

A t a b l e of p r e s s u r e s ( T a b l e 1) u s e d for t h e B e r k e l e y and Ch icago 
c h a m b e r s w a s d r a w n up to s e e if a r e a s o n a b l e o v e r p r e s s u r e t e s t va lue 
cou ld be e s t a b l i s h e d . 

T a b l e 1 

P R E S S U R E S IN T H E CHICAGO AND B E R K E L E Y CHAMBERS 

O p e r a t i n g p r e s s u r e (max) 

Re l i e f v a l v e s e t t i n g 
(low t e m p t e s t ) 

R u p t u r e d i s k d e s i g n 

C h a m b e r t e s t wi thou t g l a s s 

V a c u u m c h a m b e r t e s t 

C h i c a g o 

(ps ig) 

100 

150 

210 

200 

50 

B e r k e l e y , 
h y d r o g e n 

(psig) 

80 

110 

145 

200 

200 

B e r k e l e y , 
d e u t e r i u m 

(psig) 

120 

145 

175 

200 

200 

T h e n o r m a l o v e r p r e s s u r e t e s t s e e m s to be about 1.5 t i m e s the o p e r ­
a t i ng p r e s s u r e , b a s e d on r e l i e f v a l v e s e t t i n g . 

D e s i g n Sa fe ty . 

S. C. Wr igh t s u g g e s t e d u s i n g a t w o - l a y e r window i n s t a l l e d so tha t 
t h e i n n e r g l a s s c o n t a i n e d the p r e s s u r e wi th the o u t e r s p a c e d a few t h o u ­
s a n d t h s of an i nch a w a y and not in c o n t a c t . If t h e i n s i d e g l a s s r u p t u r e d , it 
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would not damage the outside due to the short accelera t ion d is tance . Each 
glass would have a low probabil i ty of rup ture , possibly 1 percent , giving a 
la rge factor of improbabi l i ty for a double rup ture . 

A knife edge design for window sealing, shown in Figure 4, was de ­
scr ibed by R. H. Hildebrand. The indium-coated copper ring must be braced 
to prevent t i l t ing. The ring sealing edge in contact with the glass is flat­
tened to 0.025 inch by p r e s s u r e applied to the compress ion ring as the sc rews 
a r e t ightened. 

Screws, Torque t© 
6 0 in. lb 

Shop® to Comprtss 
Glass on Seol Ring 

0.025 Plot 

Copper Ring Seal, 
Indium Coated 

Fig. 4. Knife Edge Seal for Windows 

DETONATION OF HYDROGEN 

R. H. Kropschot d iscussed experience with hydrogen f i res and ex­
plos ions . Hydrogen gas in concentrat ions of 4 to 74 percent in a i r can un­
dergo combustion. Concentrations of 18 to 60 percent can detonate when 
the mixture is confined. The usual minimum condition for confinement is 
a floor and three walls ; in some cases a floor and two walls may suffice. 
One l i ter of hydrogen in a s to ichiometr ic mixture with oxygen will produce 
an explosion equal to 2 pounds of TNT. A hydrogen fire is invisible, or 
t r a n s p a r e n t . Heat s t r a t a can be recognized in the flame, but there is no 
color . 

The safe distance from a hydrogen fire depends upon severa l fac­
t o r s . These include quantity of hydrogen, humidity of the a i r , wind, and 
type of clothing. M, G. Zabetakis of the U.S. Bureau of Mines recommends 
the following for hydrogen sp i l l s : 



12 

Pounds of hydrogen spilled 

0-200 

200-1000 

1000-5000 

Distance to inhabited building 

100 feet 

150 feet 

200 feet 

A hydrogen fire does not radia te a large amount of heat . For a flame t e m ­
pera tu re of 3700F, the emiss iv i ty is 0.09. 

Very lit t le data a r e avai lable, but an explosion occur red in a t es t 
cel l at Boulder under confinement conditions as defined above. Detonation 
occur red and the flame came over the walls , burning personnel . A building 
200 feet away was j a r r e d by shock. An e lec t r ic spark in the tes t cell may 
have caused the explosion. The cell layout is shown in Figure 5. 

WoHs of E K 4"s, 
Gonvos Siding 

EliCtronic 
Equipment 

Hg, 300 l i ters 

Vacuum Chamber 

•Concrete Wolls 

Roof Corrugated Aluminum 

Fig . 5. Boulder Labora tory Test Cell 

Discussion of Containment St ruc tures 

A s teel plate cylinder or silo with a blowoff roof could be used to 
confine bubble chamber exper iments . The space should be well ventilated. 
Released hydrogen will r i s e at 3 to 6 feet per second. Use of a silo or 
s imi la r container reduces g ross ventilation r equ i remen t s , and minimizes 
the space in which explosion proof e lec t r ica l construction must be used. 

Detailed t e s t s a re required to evaluate the effectiveness of s i los . 
Hoods a r e probably as good, although at Brookhaven hydrogen clouds missed 
hoods instal led over the equipment. Block houses present ly in use a r e p rob­
ably as good as s i los . The effect of a plast ic blowoff roof was not evaluated. 



DISCUSSION OF GLASS 

The d iscuss ion , led by R. H. Kropschot , included t empe ra tu r e effect 
fatigue, and r epo r t s on two s e r i e s of f rac ture t e s t s . 

T e m p e r a t u r e Effects 

When glass is s t r e s s e d for a prolonged t ime at room t e m p e r a t u r e , 
the g lass b reaks due to fatigue fa i lu re . The effect does not occur at liquid 
ni t rogen temiperature, but does at carbon dioxide liquid t e m p e r a t u r e . If the 
glass is s t r e s s e d in an evacuated chamber after baking, the re is no fatigue 
effect. 

The apparent explanation is that the fai lure is caused by mois tu re 
condensed in sma l l surface imper fec t ions . Surface imperfect ions a r e a l ­
mos t always p resen t , even in polished g lass since the grinding is not deep 
enough to remove them. In t empered g lass surface compress ion resu l t s 
from rapid cooling during manufac ture . It is s t i l l advisable not to use 
in inimum dimensions for design s t rength calcula t ions . P . Hernandez used 
a design s t rength of 8300 psi and a safety factor of four for the Berke ley 
chamber window design. 

Data on Breakage S t r e s s Tes t s 

These were introduced from a inemorandum by E. Denton. Rupture 
t e s t s were per formed at room t e m p e r a t u r e on five plates of t empered 
g l a s s , each approxlmiately 1 inch thick and 10 inches in d i a m e t e r . Three of 
the p la tes had been ground and polished to a depth of near ly 0.005 inch on 
each side (in p repa ra t ion for use in the Chicago Bubble Chamber) . Small 
fiducial ina rks had been etched to a depth no g rea te r than 0.001 inch near 
the cen te r s of these p l a t e s . 

Since the purpose of the t e s t s was to indicate the potential hazard 
to personne l engaged in leak tes t ing window sea l s , t es t p r e s s u r e s were 
applied slowly as compared with the n o r m a l 1000-psi per second r a t e s 
occur r ing during a bubble chamber expansion cycle . 

The deflection at the center of each window was completely l inear , 
with a slope of 0,0056 inch per 100 psi while the p r e s s u r e r i s e was con­
t inuous. Over a 500-psi cycle , however, each window showed a maximum 
h y s t e r e s i s of about 10 percen t . 

Resul t s showed that the grinding, polishing, and etching did not 
affect the s t rength of the g l a s s . They also showed that an inc rease from 
one to 20 psi in the p r e s s u r e i n c r e a s e r a t e appears to double the s t rength. 
The r e s u l t s a r e tabulated below. In addition, a table giving Bureau of 
Standards f igures , taken from the Cryogenics Data Book, UCRL-3421, 
page 90, is shown for compar i son . 



14 

Table 2 

GLASS R U P T U R E TESTS 

( F r o m E . H. Denton Report) 

Sample 
d e s c r i p t i o n 

Hercu l i t e G las s 
(P i t t sbu rgh P la t e 
Glass Co.) 
1 in. th . lOfin. Dia. 
10 in . Dia . Exposed 
A r e a 

Sample 
condit ion 

U 

A 

G - P 

G - P - E 

G - P 

Rupture 
p r e s s u r e , 

p s i 

780 

650 

700 

875 

1,250 

Maximum 
s t r e s s 

at c en t e r , 
ps i 

39,000 

33,000 

35,000 

44,000 

63,000 

Rate of 
s t r e s s 

i n c r e a s e , 
p s i / s e c 

J -
4 

1 

4 

20 

(National B u r e a u of S tandards F i g u r e s f rom UCRL-3421) 

B o r o s i l i c a t e 
Crown-2 
Optical G las s 
(296° K) 

U 

A 

A 

A 

-

10,400 

7,500 

5,500 

5,000 

800 

800 

10 

1 

U - Unabraded 
A - Abraded 

G - P - Ground and Po l i shed 
E - Etched 

Optical Glass Breakage Tes t s 

Tes ts were made with both abraded and nonabraded optical g lass , 
and the breakage s t r e s s as a function of the percentage of samples b reak­
ing was plotted. The s t r e s s for nonabraded was about twice that for ab­
raded g lass . The curves a r e close together at the point where the 
breaking value was 7000 psi for one percent of the samples tes ted . 

At a p r e s s u r e r i s e ra te of 800 psi per second, the breakage s t r e s s 
for various t empe ra tu r e s was as follows: 

degrees Kelvin p s i 
300 
194 

76 
20 

7,500 
9,500 

10,400 
10,400 

Note: Fifty percent of the samples did not fail at these p r e s s u r e s . 

Rate of Cooling Effect 

No good exper imenta l data a re available for thick windows. Cool­
ing can produce high s t r e s s e s . Data extrapolated from tes ts with one-inch 
thick samples indicate that 24 to 48 hours are required for cooling 5-inch 
thick windows. 
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APPENDIX 

Influence of Exposure to Liquid Helium, on the Tensile 
P r o p e r t i e s of Var ious Stainless Steels 

(From unpublished r epo r t by Internat ional Nickel Co. 67 Wall St., N.Y.) 

SUMMARY 

Studies were made of the r e s u l t of exposure to the t empera tu re of 
liquid hel ium on s eve ra l c o m m e r c i a l s ta in less s teels and a few exper imen­
tal i ron-n icke l -ch romium-molybdenum al ioys. The Bayonne R e s e a r c h 
Labora to ry found that a slight improvement in tensi le s t rength occur red in 
the case of Type 321 s ta in less s teel , and a substant ial improvement was 
r e g i s t e r e d for an exper imenta l 12% chromium, 8% nickel, 2% molybdenum 
alloy, both in s t rength and ductil i ty. The improvements a r e believed to be 
assoc ia ted with austeni te t rans format ion resul t ing from exposure to as low 
as 4.2®Ks but the mic roscope was unable to r evea l any t r a c e s of such 
transfoTmation. 

None of the other al loys was apprec iab ly affected. 

DATA AND DISCUSSION 

The m a t e r i a l s t e s t ed and the r e s u l t s obtained a s shown in Table I. 
All of the spec imens were in the form of sheet specimens 1 to 2 in. wide 
by 9 in. longs, except the Incoloy, which was tes ted in j in. bar form, 6 in. 
long. The exper imenta l al loys were annealed 30 minutes at 2000 F and 
water quenched. The c o m m e r c i a l a l loys were a l ready in th&.mill annealed 
condition except the Type 304 s t a in l e s s , which was tes ted both hal f -hard 
and annealed. 

At the Massachuse t t s Insti tute of Technology the specimens were 
cooled to 80°K (minus 315®F) in liquid nitrogen^ then further cooled to 
4.2®K (m.inus 4 5 2 T ) in liquid hel ium for 22 hours . Following th is , the t e m ­
p e r a t u r e s va r i ed from 4.2*K (minus 452®F) to 12*K (minus 438*F) during a 
12 hour period, from 4.2®K to 44*K (minus 380*F) during a 14 hour period, 
and from 4 4 ^ to 250®K (minus 9®F) over a 42-|- hour period. 

The r e s u l t s of the tensi le and ha rdness t e s t s shown in Table I indi­
cate that m o s t of the m a t e r i a l s were unaffected by the exposure at low 
t e m p e r a t u r e s . Howeverj the Type 321 s ta in less s teel inc reased slightly 
but definitely in tensi le s t rength and ha rdness , and the 12% chromium, 8% 
nickel, 2% molybdenum alloy i nc reased in s t rength and hardness considerably 
and in ducti l i ty as well . 



T a b l e I 

T E N S I L E P R O P E R T I E S O F STAINLESS S T E E L S E X P O S E D TO LIQUID H E L I U M 

M a t e r i a l 

Type 304 
Type 304 

(Half H a r d ) 
Type 321 
Type 347 
Type 310 
Inco loy 
12Cr, 8Ni, 2Mo 
18Cr, 8Ni, 2Mo 
18Cr, 14Ni, 2Mo 
3 0 C r , 14Ni 

B e f o r e e x p o s u r e 

0.2% 
y i e ld 

s t r e n g t h , 
p s i 

39,000 
136,500 

26,000 
42 ,000 
30,500 
34,000 
40,500 
49,000 
49 ,500 
62,000 

T e n s i l e 
s t r e n g t h , 

p s i 

87 ,000 
151,000 

76,500 
88 ,500 
79,500 
85 ,000 
88,000 

111,000 
101,000 
106,500 

E l o n ­
ga t ion 
2" % 

63 
11 

65 
53 
54 
45 
31 
56.5 
39 
35 .5 

R o c k w e l l 
h a r d n e s s 

B81 .5 
C35 

B64 
B83 
B73 
B76 .5 
B82 .5 
B92 .5 
B88 .5 
B94 .5 

Af ter e x p o s u r e 

0.2% 
y ie ld 

s t r e n g t h , 
p s i 

37,500 
139,000 

25,000 
42,000 
31,000 
34,000 
43,000 
49,000 
46 ,500 
59,000 

T e n s i l e 
s t r e n g t h , 

p s i 

87 ,500 
154,000 

81,000 
89,000 
80,500 
85,000 

106,000 
111,000 
101,000 
106,000 

E l o n ­
ga t ion 

2" % 

65.5 
10 

58 
54 
55 
46 
53 
55 
42 .5 
36 .5 

R o c k w e l l 
h a r d n e s s 

B81 
C35 

B75 
B83 .5 
B74 
B78 
B93 .5 
B88 
B85 .5 
B90 



These improvements a r e believed assoc ia ted with additional 
austeni te t rans format ion to f e r r i t e or m a r t e n s i t e . Qualitative m e a s u r e ­
men t s with a hand magnet confirined this su rmi se and a lso revea led a 
slight i nc rease in magne t i sm for Type 304, both half-hard and annealed 
and for Type 310 s ta in less s t ee l s . The la t te r changes were evidently 
too minor in na tu re to affect the s t rength p rope r t i e s . 

The mic roscope was unable to detect any s t ruc tu ra l t ransformat ion 
in any of the a l loys , and it mus t therefore be a s sumed that such t r ans fo r ­
mat ion is sub-mic roscop ic in cha rac t e r . 


