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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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ABhﬁhnCT

%3

Hydrostatic pressing was investigated as a method of fabrigatirg

"long preforms made from uranium powder. A laboratory scale pres-

sure- vessel wds constructed to evaluate the feasibility of this
pro¢ess. Various metal powders were loaded into flexible molds
and subjected to pressure in an enclosed liquid. .The high density
of uranium caused the flexible molds to distort during filling and
after pressing tiere was a tendency for the compact to adhere to
the mold. Methods of minimizing these difficulties dre suggested.

Uranium powder, compacted in a plast1c mold at 21 t91 had 4 den-
sity of 12.5-g/cc. During the course of the investigation,; it

was found that hydrostatic pressing of other metal powders presen=-
ted advantages over conventional steel die methods, especially in ‘
the ability to press experimental shapes using economical equip= -
ment . Recommendations were made for further development work on
Aboth ¢old and hot hydrostatic préssing.

e
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INTRODUC TION

Usual powder metatiurgicsl methods have beek eoonomically syccess-
ful in the production 6f metel compacts of relatively small shapes.
Larger sections requife increassd press tounnage and complex dies.
In order to achieve unifarm density throughopt a relgtively largé
compact, double oxr multiple acting ties must be employed, thus
presentidy & costly die machining ¢operhAtion. In additfion, parts
pressed in stee}l dies must he desfgned sa that they uah be ejectegd
easily frowm the die. This elimingtes the passibility of pressing
pieces which have undéromts, reentrast angles, tramsverss holes

or threaded sestions. :

"Hydrostaric pressing provides & mezny of distributing uniform pres-
sure $p @1l suyfaces of 4 compact By immersinyg s flexible mold
containing powder in a suitable 1iQuid, then applyirg a force to

" the enclosed tiquid. Since there can bé no shearing forces in &
liquid, the Dregsure i§ tradspitted undiminished to al}l parts of
the mold. Elimipating the use of ¢0stly steel dies by employing
cheap rubber or plasti¢ molds permits the {nexpenmsive evaluatiown

. of the feasibilitg pf producing parts from various metsl powders.
fydrostati¢ pressifig c4n thus be consideved e velunable toal in
iaboratory development Work.

H. D. fladdenl) and others®s3) have used variations of the hydro-
stdtic pressimg principle fuor gompacting metal powders 8§ early

as 1913. THis previous work howsver, wes done using rubber molds
afid simple gylindrical shapes. This report describes the use of
rubber and plastic molding in various shapes including simple cylin-
ders and more compler sections. .

The oquipmeént requiremenis for ¢ laboratory scale Bydrostatic pres~
sifng unit are not elaborate. A steel pressing chamber with suit-
-able tlosure apd seal, and 2 @ethod of pressure applicetion are

the essentiaks of a cold pressing wnit. Hydrostatic pressing af
elevated temperature would require & metbod of heating e¢ither

tde fluid or chamber, or both. Pressure application ir this case
would become a mpre difficult problem and speciel high strengih,
figh femperature steels must dbe selected. The design of a hot
ﬁydr%s%aﬁi@ systed will be more thoroughly discussed fn section

1XL (B). - A

The purpose 0f this report is to relate the progress made using a
lgboratory scale gold hydrostatic pressing unit. The project was
carried out as part of e program for she development of a method
“fov the production of e long wuranium flat-plate or tubular preform,

«Ba
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APPARATUS AND _PROCEDURE

The equipment used in this investigation was designed for cold
pressing only. The pressure vessel was machined from an SAE 4130
steedl forging. After rough machining, the cylinder was heat treat~
ed to 25-3QR;, giving a thegretical yield strength of 50,500 psi.

A scale drawing of the cylinder with dimensions is shown in Fig. 1.

The closnreﬁgeal assembly was effected by using @ twu=piece piston
arrangement4), machined from SAE 4340 and hardened to 50R; (see Fig.
2.) Between the two-pistaon sections, an unsupported=-arga type
gasket was used $o maintain a pressure-tight seal. Combinations of
neoprefle rubber with teflon, copper and brass flat washers were
tried and tonsidered unsatisfactory because of extreme extrusion

of the rubber. The seal design finally decided upon consisted of

a8 3/6-1nch brass gasket with 3 small ridge cut to carry a rubber
Q-ring. (See Fig. 3). In operation, the action of the bottom sec-
tion of the pistom foreing the gasket against the top section

caused the rubher to press outward against the cylinder walls, thus
forming dnd maintaitning a suitable seal until pressure was released.
Both seetions of the piston were provided with a threaded hole so
thas they could be removed with a screw jack.

Pressure measuyement was accomplished by means of a Baldwin SR-4
strain gauge mouxted om the cylinder by a 3/16-inch kigh pressuyre
fitting and cunnected to a @modified bridge strain recorder. Maxi-
mum output from the press used was found to correspond to 42,000
pssd inside the chamber and this pressure. was used for all experiw
meftal pressxngso

The entirze press assembly Wwas mounted on a portable truck which
¢ould be placed im a 300-ton hydraulit press. Fig. 4 shows the
mounted assembly in front of the press.

Both SAE 10W motor oil and water-soluble cutting fluid were used as
liquid medis with satisfaotory recults. The cutting €iuid, di-
luted with ten parts water was ultimately chosen because it was
cleaner and could be handled morc easily.

an of the prime gonsxderations in this project was the selectiaf

pf a proper material.for the mald to contain the powder. In gefie
gral, the mold had to conform to several basic requirements. It
had to be rigid enough to. hold its shape within reasonable limits
after being Joaded with powder, but with sufficient flexibility

to allow full and even compression upon the application of pres~
sute. In addision, if the mold had ‘any tendency to adhere to the
pressed -compact, it .could not be strong enough to break the ¢ompact

" aﬁa |
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by returning to its original size after the release of pressure.
Several molding materials as deseribed below were tested, each
being ultimately chosen for a particular application because of
certain:characteristics. Plastisols were used -where strong, rigid
films were neededw Latex and Gooch tubing weré employed where
. soft elastic molds were necessary. Nuplamold was used to obtain

a very soft and we ak- mold,. Lo
‘Plast1sol was a 11qu1d type molding agent cons isting of a disper-
sion of thermoplastic¢c ¥esins in a system of plasticizers. It was
flyid” at room temperatuvre and formed 2 flexible film upon the ap-~
plicatio of heat. Complete fusiom ocourred at 3I50°F and, upon
cogling to room temperature, a toygh, flexible film was formed
gonforming to the shape of the body upon which it was molded. By
glieriovg the chemical composition, i® was possible to obtain wari-
atdons fa hardness and tepsile strpngth. WHolds were usually made._

bx dippiog.

Laﬁex, as gsed in 2hese experiments, consisted of a nataral rnbber
dispersed dp about 60% water containing a small amount of ammania.
Moids were produced by painting, spraying, or dipping. Thick
coats were produced by dipping a metal form f£irst into & coaguylant,
¢hew inta &he latex. A soft, flexible film eesulted when the
Bate? evaporated. Exira toughness cguld be obtained by curing

thie m@ld at -350°F for several hpurs.

Aaother plastisol compound, made by Luckey Laboratories and knownm
as Nyplamold, was used in a few instanges where casting was neces-
s4fy. This plastisol was a vedy soft, rubbery material supplied
2y sitall pellets. I8¢ melted at 350°F and tould be cast Bround

the mpdel. The rzesuifing mas§, when cooled to room temperature,
fag 4 soft, flexibdle mold which had to be used &n very tbick
gettions fo¥? any measonable sgtrenagth.

Several prefadbplcated tabings were used for small c¢ylindegs only.
Gboch tubing is @ thin, surgical rubber. Vacuum tubing s a soft
reinforced Pubbor, usually suppiied in thick sections. Polyethylene,
e plastic materfal, was used in very shin sheetfing.

The production of a cylindricale=shaped mold wgs a simple operatips
asing alpost apy of the ahove molding agents. For cylinders ouer
ofie~inch in diameter, plastiso} was found to be most desirable
because of its superior strength. Io generel, the method of moid
- preparatjon was as follows:

8 brass of aluminum form was machined to the desired size gnd shape.
Algminum was preferred because §ts low density made it easier to :
fagndle when hot. The form was cut about six inches longer thap .
~§he desived mold length to permit handling and cutting off exeess.

=T
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This mold form was heated to 350°F, then dipped into liquid plasti-
sol. In most cases a dip of one minute, giving a thickness of
about 1/l6-inch, was sufficient. For heavier sections, the form
could be reheated and dipped again, thus building up successive
layers. After dipping, the form was returned to the oven and

baked at 325°F until a slight color change was noticed, indicating
complete fusion. Cooling was accomplished by water quenching°

After being stripped from the form, the mold was filléd with metal
powder and sealed. A suitable seal was effected by cementing a
rubber stopper into the top using a plastic cement.

Plastisol molds, having good rigidity, were simply filled with
metal powder and placed into the pressure vessel. Other types of

molds, being soft and flexible had to be suspended from a wire
rack placed in the vessel.

QLSCUSSION

A. Cold Hydrostatlc Pre551nq

The attempt to produce a-thin, rectangular plate comprised one
of the efforts in the hydrostatic pressing -program. Because
of the large amount of uranium powder contained in a long
plate (about 70 pounds) a heavy plastisol mold was dec¢ided to
be the only reasonable container for the powder. - As would be -
expected thin wall molds of a soft material deformed under the
weight of the metal powder, and consequently the pressed com-
pact was mlsshapen. Increasing the rlg1d1ty of the mold, by
using more rlgld mold materials, or by using thicker wall
molds resulted in better shape and dimensional reproductioi.
This improvement could also be had by using a perforated metal
container around the mold which served to maintain the mold
configuration. The perforations or holes still permltted the
hydraulic .pressure to act upon the flexible maold.. :

At the top pressure attainable with the avaiiable facilities,

a density of 12.5 g/cc was realized .in the compacts. At this
density uranium is pyrophoric and must be handled in a protec-
tive atmosphere. Coupled with the problem af mold adherence ’
this made handllng d1fficult. .

Another part of this program was the attempt to hydrostatlcally
press a hollow cylindrical uranium preform for ultimate use as
a clad fuel element. Plastisol again was decided upon for a
molding agent and was prepared in the usudl way using an
.aluminum hollow cylinder as a molding form. Sealing was ac-
complished by using a plastic gasket cemented into both ends.,

e o | -
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Later; the sealing process was modified for easier dry-box

loading. The molding form was altered by placing three small

rods On the top end. The mold thus produced had three hollow

tubes leading into the powder cavity (Fig. 5). - In loading,

the powder was delivered to the mold through- the three top

tubes. by means of a three-necked funnel. Sealing was then

completed by melting the top of the four tubes with a soldering

- iron. The altered design permitted a more even distribution

.gf powder, Fig. 5 shows a plastisol mold and a pressed Cylin-
der. . . o . o : . .

One umique pressing problem was eficountered in the hollow
tylinder program. Sincte a constant pressure was exerted on
all surfaces 6f the body being pressed, and less area Wwas
present on the inside surface of .a hollow cylinder, the entire
essembly was compacted toward the central axis. It was neces=
sary, therefore, to obtain a mold whose inside wall would have
optimum strength, namely enough to hold the powder rigid he=-
fore pressing but not enough to ¢rack the compact when prés-
syre was reledased by returning to original size. A 1/16=3inch
fiold wall was found to have both these characteristics,

Again however, the adHerence ©f uranium powder to the mold and
fts low density made the compacts difficult to handle.

Adheretice of the cympacted metal powders to the mold wall was
encountered only during the pressing of uranium powder. This
was partially attributed to the large particle size (<12 mesh)
of the uranium. Uider pressure, the soft mold material ex-
truded between theése particles and thus formed a mechamnical
bond. Adherence was most promounced when soft mold materials
§uch as latéx or Nuplamold were used. The use of the plasti-
so) maolds which were harfer, and the use of smaller particle
siz8s (<100 mesh), minimized the problem. It is believed
¢hat the use of cgatings oa the inner surface of the molds

- woyuld also be beneficial, and aid in removal of the compact.

Cold hydrostatic pressing has definitely been proved an alters
date compacting operatiom which could conceivably be adapted

to many uges. In an experiment to compare the properties of
hydrostatically presséd compacts with those pressed in & ¢old
steel die, identically sized samples were pressed by both ,
methods using several metal pawders. . Transverse green strength
and density were measured, and the results are shown in Table I.
This table shows that hydrostatic pressing results in general
are hetter than those of samples compacted in steel dies, due
probably to the fact that while the same unit pressure was

used id both ovases, frictioff losses were. lower in hydrostatic
pressing. Although no data is available concerning uranium pow=
der Sold pressed im a steel die at 21 tsi, it was found that a

B I -
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density of 12 :g/cc was obtained when compacted in a steel die
at 50 tsi as compared to 12.5 g/cc when compacted at 21 tsi
hydrostatically. Observation of these compacts showed that,‘
when compacting small particle size metal powder, the internal
surface finish and contour of the mold was reproduced exactly
in the sample. For example, in the event that there was an
open bubble on the internal surface which was formed during
the curing of the plastic or latex mold, a protuberance of
the same shape was obtained on the'sampleu This would indie
cate that molds of any internal shape could be utilized to
produce. compacts of a complex shape and non-uniform cross

' section,

Hydrostatic pressing could conceivably be valuable in the com=
pacting of intricately shaped objects, especially in the field
of high temperature refractory materials which must be fabri-
cated by powder metallurgy methoden At present, these parts
are fabricated by:

a) prescing a large block

b) presintering for machining strength
¢) rough machining to approx1mate s hape
d) final sintering

e) final machining or grlndlng.

Hydrostatic pressing would be desirable from an economic view-
point since a compact could be prepared close to the desired
finish size so that only final sintering and grinding would

be necessary. o

Hot Hydrostapic Pressing

In conventional steel die pressing the pressure applied to the

compact serves to mold the powder particles into a coherent
shape by creating strong contact particle:bonds. For most
applications however, the cold pressed compact has insufficient

. strength and density and a sintering operation is required to
"produce the properties desired. If the heat is applied before

and during the pressing operation, the process is known "as

hot pressing, and parts prepared in this manner may have prop=
erties superior to those prepared by cold pressing and sinter-
1ng° e '

It is a reasonable assumptlon ‘that the above prlnc1ples of hot
pressing as compared to cold pressing should hold true. of
hydrostatic compacting as well as conventional steel die pres~
sing. In addition to the pressing. of metal powders, hot
hydrostatic pressing equipment should be suitable for the

"cladding of bare fuel elements. The use of hydrostatic pres-

sure would provide uniform pressure on all surfaces regardless
' =10~
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of the shape of the piece. Mold materials necessary to con-
tain the metal powders would be. dependent upon the temperature
of operation required. Materials evaluated for cold hydro-
static pressing may be suitable .for slightly elevated tempera-
tures, up to 200°C. For higher operating temperatures, it will
probably be necessary to use metal molds which will deform
properly under pressure. This suggests that hot hydrostatic
pressing using metal molds could be a method to produce clad
‘components, in which case the desired cladding material would
be used as the mold. This method of cladding could possibly

be utilized for simultaneous pressing and cladding of metal
powders, or for ¢ladding of parts produced by other methods,
such as by rolling or ctasting. Because hydrostatic pressing
provides -uniform pressure on all surfaces, this could be an
ideal method for ¢ladding tubes or pieces having complex shapes.

A brief analytical evaluation of the feasibility of construc-~
ting and operating such 2 unit has been made. The essential
units of a hot, hydrostatic pressing bench ~scale pilot plant
are the vessel, pumping system, control and indicating instru-
ments, valving and heating units. The major components of
these elements will be discussed. . S

A typical process flow d1agram of the unit would be similar to
that shown in Fig. 6. The fluid medium is pumped into the
_vessel; heating is accomplished with a furnace. Temperature
in the vessel is kept constant by means of a controller re-
.gulating current flow to the ‘furnace heater elements. - '

The pressure vessel must withstand a design pressure of 21,000
psi at a design temperature of 1150°F. Investigation shows
that Allegheny-Ludlum A-286 high strength austenitic steel is
most suitable. Allowable stress is based on a value of 2/3
the stress rupture for 1000 hours, giving a safety -factor of
1.3. The hot wall-type vessel is considered more favorable
than other designs. Since at high temperature a plastic state
of stress exists in the cylinder wall, the Bailey~Nadai?
théory is preferved in calculating wall thickness.

| 1 1
0.D. = 1._,n° (1- g,g)l/Bl |

Where f = 0.4 (exponent fn analytical expans1on for shear
stress-strain relationship) ,

0.D. outside.diameter il allowabie working stress with
' ' safety factor (39 800 psi AL=286)
- I.D. "inside diameter P internal working pressure (21, 000p51)
=]]le, -
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For an I.D. of 4.00 inchesy (the I.D. of the present cylinder)
'the thickness required is .615 giving an O, D of 7 23 inches.,

The seal désign in high temperature- h1gh pressure equlpment

is extrémely important. The design considered satisfactory

is a modified Bridgman closure, used in a threaded nut or
_breech block. (Fig. 7). It is self-sealing due to internal
pressute, intenqifylng the unit load amd forcing the floating
head against the nut, thus squeezing a tr1angu1ar gasket be- .
tween the head and ¢ylinder wall. Monel seal rings should be’
employed, since they can be used’ many times without machine

. dressing and have greater strength and elasticity th an coppex,

The hydrostatic fluid to be used in hot pressing could be
either water or gas. 'Other fluids considered for hot pressing
~included molten metals; organic compounds and heat treating
salts. In addition to- hav1ng the properties needed for this
application, pumping and pressure intensification problems

are simplified with water or gas. Water can be easily com=
pressed cold, and heats readily, thus simplifying pressure
intensification and heating problems. It is, however, very
corrosive at high temperatures and pressures. On the other
hand, a gas such as helium, nitrogen, or argon can be comsidered
non- corrosive and relatively easy to handle, but presents a
need of more elaborate equlpment for obta1n1ng the pressuyre
desired.

Pressure intensification would be provided by the use of a

- hydraulic intepsifier in conjunction with a low pressure pump.
The intensifier considered here is a double acting Harwood
model DA-10G. whicb is capable of developing 30,000 psi, de~
livering fluid at a rate of one gallon per mlnute° -If water
were used as- a fluid, the intensifier would deliver directl

to the vessel while the use of gas would involve pumping oi

.to a separate closed chamher rontaining 0il and gas. Pumping
more oil into the chamber would intensify the pressure of"

.the gas which ip turn would be delivered to the pressure vessel

Heating the assembly in either case would be done sxmply by
using an induction he ater around the vessel. Inductiom heating
has been considered most feasible since the furnace utilizes
the steel being heated as the secondary of a transformer: the
primary source connected to the supply. Uniform heat distri-
bution is the main advantage of this system since very small
thermal stresses would result when only a slight temperature
gradient is present in the shell. A recording controller

would be sufficient for temperature control.

=12
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Valves, tubing and fittings must withstand the design tempera=-
ture of this system. Due to the excessive temperature, high
strength tubing must be employed. Valves and fittings are
commercially available and should pose no problems in pro-.
curement., :

SUMMARY AND RECOMMENDATIONS

Equipment for hydrostat1cally compactlng metal powders is descrlbed
Some d1ff1cu1ty was encountered in compacting uranium powders, and

methods of minimizing the difficulties were indicated. Additional

development work on mold materials for cold hydrostatic pressing

.is required in order for this process to be suitable for cold com-

pacting uranium powder. In general, the pressed density and green

strength of hydrostatically compacted metal powder was higher than_

for similar samples compacted in steel dies.

An analyt1cal study of the feasibility of constructlng equlpment
for hot hydrostatic pressing was made. It is recommended that a
unit for this work be constructed in order to evaluate hot hydro-
static pressing as a method for cladding fuel elements and for
compacting metal powders to full density.

TABLE I

| COMPARISON OF PROPERTIES OF HYDROSTATICALLY PRESSED
VERSUS COLD STEEL DIE-PRESSED SAMPLES AT 21 TSI

N

h__.m_~m_.__1__“.-x_.-A.-m_ﬂwm.

PP .,....,\;, - oo ras Ot E e e ——— s 5 e .‘u‘....; . Mo—du l~us o f - < | De e i t y 1
Metal Pressing Method " Bupture(psi) - _Lg/cec)
T Hydrostatic | 3255 | 6.64
Copper i :
. Cold Pressed 2890 6.28
i Hydrcstatic o 2815 | 2.57
Aluminum Cy ! ;
‘ ' j Cold Pressed ' | 3400 2.36
Ag Hydrostatlc : © 1725 6.76
Nickel-Silver 5 '
' ; Cold Pressed : 1375 ' 6«14
: Hydrostatch - S 12.5
Uranfum A , ' A ()
Cold Pressed‘ , — ¢ 12.0

t
$

(1) Pressed at 50 t51
~]13-
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NOTE:
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THIS CORNER MUST
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MUSHROOM PLUG

MAT'L-SAE 4340

PISTON
MAT'L-SAE4340

Fig. 2 - Two piece piston used as part of sealing mechanism.
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Fig. 3 - Spacer and holder for O-ring gasket for cold hydrostatic pressing unit.
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5 = Hydrostatically compacted tube and plastic mold
used in pressing. Approx. half size
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(b) Breech Type Enclosure
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(a) Threaded Nut Enclosure

Fig. 7
Suggested closures for hot hydrostatic pressing chamber, -

21-22
CONFIDENTIAL

ee she ¢ o e o 000 ¢ ses o
. . o @ o o o L] . Ly
. .



CONFIDENTIAL

METALIURGY AND CERAMICS, M-3679 (15th Editiom)

. SEP-180

Series TA : ‘
Copy_ No. 4 Standard Distribution

1 AF Plant Representative, Seattle

2 AF Plant Representative, Wood-Ridge

3 _ American Machine and Foundry -Company

4-11 Argonne National Iaboratory,s:i s s: ..

12-16 Atamic Energy Cammission, Washmgton _

17 ~ Babcock and Wilcox Compeny -, 5tp..

18 Battelle Memorial Institute:-, - -x:. - -
19 Bendix Aviation Corporation ..

20-22 Brookhaven National Laboratory -

23 Brush Beryllium Company -

24 : Bureau of Mines, Albany

25 ‘Bureau of Ships _ ‘

26-27 Carbide and Carbon Chemicals Company (K-25 Plant)
- 28-33 Carbide and Carbon Chemicels Company (ORNL)

34 Chicago Patent Group

35 o Cammonweealth Edison Company

36 Detroit Edison Campany

37 ' Dow Chemical Campany (Rocky Flats)

38-40 - . duPont Company, Augusta

L1 - duPont Campany, Wilmington

b2 - . Duguesns Light Campany

43 ‘ Foster Wheeler Corporation

Wh-4g Gensral Electric Campany (ANPD)

W7 General Electric Company (APS)

48-59 " General Electric Company, Richland

60 Hanford Operations Office

61 . Towa State College

62-65 Enolls Atomic Power laboratory

66-68 " Los Alamos Scientific Iaboratory

69 Mallinckrodt Chemical Works

70 Materials laboratory (WADC)

T1 Monsanto Chemical Company

T2 Mound Iaboratory :
T3 National Advisory Cammittee for Aeronautics » Cleveland
T4 National Bureau of Standards

T5 National Iead Company of Ohilo

76" Naval Research Labdratory

™ New Brunswick Laboratory

8 - Newport News Shipbuilding and Dry Dock Company
T9 New York Operations Office

80-82 North American Aviation, Inc.

83 Nuclear Development Associates, Inc.

8l Nuclear Metals, Inc.

85 ' Pacific Northwest Power Group

86" Patent Branch, Washington

-2_3...



CONFIDENTIAL

METALIURGY AND CERAMICS, M~3679 ( 15th Editicm). (Continued)

SEP-180

Series TA
Copy No.

87-90
91 .
92

93

ok
95-96
97-98
99

100
101
102-105

106-120

Standard Distribution

Phillips. Petroleum Company (NRTS)
Power Plant laboratory (WADC) = -
Pratt & Whitney Aircraft Division: (Fox Project)

: Sylvania Electric Products, Inc,

Tenneés&esé . Valley Authority (Dean)

University of California Radiation Laboratory, Berkeley
University of‘California Radiation Laboratory, Livermore
Vitro Engineering Division

Vitro Laboratories

Walter Kidde Nuclear Laboratories, Inc.

Westinghouse Electric Corporation -

Technical Information Service, Oak Ridge
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