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I. I4RODUCTION

This report presents the summary of activities condu ctei-de-mu
DAAK1O-79-C-0049o -devielop two separate sintering processes from two-
tungsten manufacturers that have years of experience and expertise in the
field of tungsten powder metallurgy. The objectives of this development
program was to:

(1) Lower the scrap rate due to cracking to 1 - 2%.

2) Improve material quality (reduce or eliminate porosity).

3) Develop an has sintered1 product that had a ductility of 25%.

4) Produce an &ias sintered' tungsten disc with a collar i.e.,
eliminate the fragment lines near the outer edge of the disc.

5) Qualify two heavy metal suppliers of tungsten discs for follow-on
large quantity production.

Several changes were made to the sintering and forming processes from
the previous 2400 part contract and are identified as follows:

1) Disc diameter was changed from 3.436 to 3. 625 to accomodate an
unscored collar.

2) The surface finish was changed from 64 to 250 microinch.

3) Ductility was changed from 22% to 25% (A change was subsequently
allowed on Kennametal hlrdware of I8%.

4) The 800 +50 fragment angle was changed to 800 +100.

5) The 500 +50 fragment angle was changed to 500 ±5.

6) A new forming die insert was provided to accept the larger
diameter discs.

This contract required that two subcontractors participate in this
development. The two participating companies were:

Kennametal Corporation Teledyne Firth Sterling
Latrobe, Pennsylvania Nashville, Tennessee
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The initial program schedule is shown in figure 1. Each contractor
began disc development in January, 1980. The final schedule is shown in
figure 2. The tungsten discs were developed and processed to the follow-
ing requirements that are presented in Appendix B.

1) Material Specification 707-111

2) Disc, Tungsten 9313567

In addition, each contractor was required to submit a Manufacturing
Methids Report (DI-P-1604-Tailored). This report is identified in
Appendix B.

IL DISCUSSION

Based on the forming problems experienced during contract DAAK10-
77-C-0221 for 2400 parts, this process development program was initiated
to meet the objectives stated in the previous paragraph. It was required
by Specification 707-111 that each contractor submit ten peices for first
article inspection approval prior to producing the remaining 170 pieces.
Each contractor had problems initially of meeting the tolerance require-
ments on the fragment side of the disc and consequently, each had to re-
design and fabricate a second compacting die. The discs received from
the second compacting efforts were thereafter dimensionally acceptable.
The ductility requirement of 25%0 was met by Teledyne Firth Sterling but
was not met by Kennametal. A letter of deviation shown in Appendix E
(DRDAR-PRW-B, dated 27 November 1979) was received allowing a
ductility of 18% for Kennametal hardware. The performance events for
each contractor are as follows:

Teledyne Firth Sterling

The first article inspection covered 32 discs that were formed in
latter March, 1979. The initial discs were formed at a temperature
of 750OF since Vought conducted tests showing that ductility increased
from 27.4%0 at ambient temperature to 41% at 750 0 F. The forming
process planning instructions were changed from 650OF to 750 0 F.

Five of the 32 parts were formed in the new forming die. The forming
radius was 0. 687 inch and the locating diameter was 3. 633 inch
diameter (to accept the larger disc diameter of 3. 625 inch). The
collared areas wrinkled excessively on the first. two parts. The die

2IIZ



rz9-4
up a.

z I- W?!.

-J 3 U.

U. U

00 a)
W0c 0 1.

WE 0 Wa cc

gen 0 4LU

A. t

cV
~~.9 CC. L

w~ w so A. . a

If W U.C

0 0

00

Ic-

aa

cj U-
de~

WIIL
a 0

cc 03 4c~
Wc f6 In



a IL

M. U

I-It

I- I

IJ 1
.1 -,

LL~

(A
CA

UP i

aI- 916
a.L 4oa

F- 0 21C
CC tj U. A2
IL -i'

I-6s 0 w

*i 00 4

j cc
*U Is K 4

I-N

-'I A

(0(0

I- -ce cP:

LL. 0 IC

In UAo
ci ccILv

LA . 4c 4cI C

ICI

I-

UA

4



stroke was reduced 0. 050 inch for each of the next three parts for a

total decrease of 0. 150 inch. All three parts also showed excessive

wrinkling.

It was decided to machine the collar to the original diameter of 3.436
inch and install a machined washer in the die to accommodate the 3. 436
diameter. The remaining parts were formed and met all of the drawing
requirements. The contractors were notified to supply discs machined
to the 3.436 inch diameter. The remaining 138 parts received from
Firth Sterling were formed and machined and 154 of the total were
delivered. Ten discs were delivered unpressed to ARRADCOM and the
remaining parts were scrapped during die set up and machining set up.

Kennametal Corporation

The first article inspection was conducted at the Kennametal plant in
Latrobe, Pennsylvania on April 16 and 17, 1979. A total of,24 discs
were completed at that time. Of the 24 parts, only six were processed
at the same temperatures, stoking rates etc. The other 18 discs were
termed experimental and were not considered uniform enough for first
article approval. Three parts had been 100% inspected and failed to
meet the dimensional requirements due to an 18% shrink rate. The
compacting punch was designed for a 20% shrink rate. A new punch
vs fabricated and a first article inspection was completed on 10 discs
at the Vou ht facility in mid June 1979. The 0.100 - 0 " 010 and

0. 139 ±0' 0,3 dimensions were not within print and the ductility
checked only 18% and 21% on two separate tests. The hardware
was approved for forming by ARRADCOM. The forming results are:

4 Male acceptable
1 Male defective - edge crack
3 Female acceptable
2 Female defective - edge cracks

A follow on shipment of 96 discs was received from Kennametal
in November 1979, and was approved for forming by ARRADCOM
(Letter DRDAR-PRW-B shown in Appendix). One disc was sectioned
for mechanical testing and the remaining 95 discs were formed
in February, 1980. Five hemispheres were rejected due to edge
cracks, 46 females and 44 males were delivered to the Milan
Army Ammunition Plant in March, 1980. The remaining 75 discs
were received from Kennametal too late to process and are being
shipped to ARRADCOM al received.
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Of the 96 discs received, 47 were heat treated and 49 were as
sintered. At a forming temperature of 750 0 F, no differences were
noted between the two conditions. The ductility of the as sintered
disc was 18% - 18.5%16.

• The stroke setting at the forming press is 1. 70 inches (average).

IIL KENNAMETAL CORPORATION PROCESS DESCRIPTION

In producing the material for the tungsten disc, Kennametal pur-
chased ore concentrate to convert to tungsten powder and sent the
concentrate to a subcontractor for processing to ammonium para-
tungstate. The flow chart is shown in figure 3.

The ammonium paratungstate is converted to tungsten tri-oxide in a
continuous belt type furnace by controlling temperature and time. The
tungsten tri-oxide is converted to tungsten powder in an atmosphere
controlled continuous belt furnace. By controlling the temperature and
speed of the belt under a reducing atmosphere of hydrogen, tungsten
powder of proper particle size is produced.

Blending

The powders (composition is shown in the Appendix) are then
screened and blended in a ball mill. A Sun Oil Company wax is used
in the powder blend. After ballmilting, the powder is fitzmilled to
break up agglomerates and re-blended.

Compacting

After blend analysis, the powder is pressed in a 250 ton Alpha
press. The powder is weighed and placed into the die cavity and hand
leveled to fill all areas of the die cavity. The top punch descends into
the die cavity and at approximately 250 tons, dwells (de-airs the compact)
and is raised. Ejection is completed hydraulically by raising the compact
from the die cavity and manually removing the compact from the press.

Delube

A Westinghouse Glow Bar, 2 Zone Furnace is used for delubing the
discs. The furnace is capable of processing 24 discs/hour in an inert
atmosphere of disassociated ammonia at a flow rate of 300 cubic feet to
500 cubic feet per hour. The discs are loaded into boats which are
placed onto trays and pushed through the furnace at a rate of one tray/hour.

6



TUNGSEN RCOXNDENT(AE

SHEAT[

WOLFRAMITE
I ,

ALCHEMICAL PROCESSPA

I S PIOT LD
MONIUM PARATUNGSTA MAL

F NANALYSIS

HEAT

MIL

TUNGSTEN TRI-OYXIOE (A)

HYDROGEN REDUCTIONI
HEAT

ITUNGSTEN POWDER (B) T I EN

i.i

COBALTI[

7

BLEND ALL POWDERS ANALYZEDI PRIOR TO BLENDING
TUGSE A"SEE CERTIFICATION

I FOR ANALYSIS
MILL

TUGTNI L i CHEM ANALYSIS
I UNSTN LOYDMIX !  PARTICLE SIZE

INI D C TAP & SCOTT DENSITY

DOUBLE ACTING PRESS (0)

1 1 1IN PROCESS

I
DELUBE a SINTER (E.,F)

HEAT TREATMENT (G)r I I

DENSITY HARDNESS

SMACHINED DISKI - - INSPECTION

Figure 3. Manufacture Flow of XM-74 Grenade Discs.



!

I

Sintering

The delubed discs are placed on trays and inserted into the sintering
furnace on a continuous push feed. The furnace used is a 6 zone Hayes

*Sintering Furnace. The cycle time through this furnace is 2 trays per
hour that yields 16 pieces per hour. Total sintering time is 24 hours. The
mid zone furnace temperature is maintained at 26000 to 2700 0 F. An inert
atmosphere of disassociated ammonia was used at a flow rate of 500 cubic
feet to 700 cubic feet per hour.

Heat Treatment

Equipment used for heat treatment is a Sunbeam Furnace, Model H. G.
91524 and a 38 inch x 24 inch x 16. 5 inch deep quench tank.

The furnace is maintained at between 1700OF to 20000F temperature.
A nitrogen atmosphere is used in this furnace. After a specified time, the
discs are removed and water quenched.

Machining

The discs are machined in a turret lathe. The disc is inserted between
head and tailstock by applying pressure through an air cylinder attached to
the tailstock. The diameter and the collar are machined in one setup.

IV. TELEDYNE FIRTH STERLING PROCESS DESCRIPTION

Granulation

Waxed powder is isostatically pressed at approximately 500B., however,
our pressure gauges may not be accurate in this range. After isostatically
pressing, the pressed material is placed in a Stokes Granulator and granu-
lated with a . 06 cm opening screen.

Granulated material sizing was accomplished with two Russell Finex
Screeners Model 804/4. Course material was screened out with 24 mesh
stainless steel wire cloth. Fine material was screened out with 54 mesh
stainless steel cloth. The desired material for further processing is
-24 mesh +54 mesh. Material is now ready for hydraulic pressing.

Compacting Equipment & Procedure

Equipment used for pressing this quantity of parts was a 200 ton M&M
Model 2724 Double-Action Hydraulic Press with semi-automatic pressing
capability and hopper and shoe loadfng capability. The mold was mounted

8
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in a guided carrier attached to the movable lower ram to allow stripping

and loading over the stationary lower ram. The bottom punch used is a

plane flat faced cylindrical section, top punch imprinted with the required

form.

Equipment recommended would be of 150 ton minimum capacity, double-

action, guided ram vertical type with a minimum of 12" daylight.

Press-loading technique was to weigh the granulated powder (225-245 gin)

on a Shadowgraph scale; powder was then transferred to the mold and

leveled with a "T" bar leveler.

Significant time (approximately 3-4 minutes) was taken on the leveling
operation. Uneven powder leveling at this step causes non-uniform thick-
ness, varied diameters and, in extreme cases, shrinkage cracks.

Pressing speed used was approximately I0 1 per minute with rapid

approach at approximately 50"/min. Dwell time of approximately 30
seconds at full pressure was used.

Pressing pressure should be in the range of 75 to 150 ton, as determined

by particle size, distribution, die design, shrink factor and granual con-
dition. Parts were successfully manufactured throughout the range of 60
through 130 tons, with .L. S. F. in the range of 0. 80 to 0. 84.

Improved loading and leveling techniques shall be implemented to
increase productivity and/or reduce scrap if sufficient parts are required
to warrent fabrication of such devices not applicable to the quantity of
parts manufactured to date.

Production rate, allowing for weighing, leveling, measurement and
handling was approximately 12 pieces/hour. It is our considered opinion

that this rate can be greatly improved.

Delubrication Procedure and Equipment

Dewaxing/delubricating equipment is a batch type furnace of the

Wickman-Wimet design under license to the U. S. Government. This unit
is a hydrogen atmosphere furnace with nitrogen purging capabilities.
Working area is approximately . 356 meters in diameter and . 273 meters
in height.

Parts are placed on alumina tiles shielded with alumina bubble that has
been sized with -24 mesh +54 mesh stainless steel wire cloth. Tile, with

L 9



parts, are placed in dewax unit and stacked so as to input 24 parts per run.
This number per run can be greatly increased with design techniques
presently under consideration. Since this is a batch operation, no stoking
rates apply.

After material has been loaded into the furnace, the Lid is put in place
and clamped. A nitrogen purge is initiated with a flow rate of 3500 LPH.
This purge is held for 15 minutes then hydrogen is introduced at 2000 LPH4
and nitrogen is stopped. A "pop" test is performed to determine when the
furnace atmosphere is correct, after approximately 15 minutes more of
hydrogen flow. The furnace exhaust pipe is then lit to burn off the escaping
hydrogen. Electrical power is then applied to the molybdemm wire wouhd
element surrounding the work area. Within eight hours a temperature of
950 0 C is to be obtained and held for one hour, after which time electrical
power is disconnected. A minimum cooling time of twelve hours is
allowed. At the end of the twelve hour minimum cooling time, a nitrogen
purge is initiated at a flow rate of 3500 LPH. The hydrogen isdiscontinued
at this time also. When the exhaust flame is completely extinquished all
gases are shut off and the lid can be removed and the parts taken out.
Parts are now ready for first sinter.

At present, vertical furnace modifications and/or stoking furnace cap-
abilities are under consideration to greatly increase present facility
capabilities, and will be pursued if larger quantities warrant the expendi-
tures.

First Sinter

First Sinter equipment is a batch type furnace of the Wickman-Wimet
design under license to the U.S. Government. This unit is a hydrogen
atmosphere furnace with nitrogen purging capabilities. Working area is
approximately . 356 meters in diameter and . 273 meters in height.

Parts are placed on alumina tiles shielded with alumina bubble that
has been sized with -24 mesh +54 mesh stainless steel wire cloth. Tile,
with parts, are placed in sinter unit and stacked so as to input 12 parts
per run. This number per run can be greatly increased with design
techniques presently under consideration. Since this is a batch operation,
no stoking rates apply.

After material has been loaded into the furnace, the lid is put in place
and clamped. Anitrogen purge is initiated with a flow rate of 3500 LPH.
This purge is held for 15 minutes, then hydrogen is introduced at 2000
LPH and nitrogen is stopped. A "pop" test is performed to determine

" -when the furance atmosphere is correct after approximately 15 minutes
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more of hydrogen flow. The furnace exhaust pipe is then lit to burn off
the excaping hydrogen. Electrical power is then applied to the molybdenum
wire wound element surrounding the work area. Within eighteen hours a
temperature of 1324 0 C is to be obtained and held for four hours, after
which time electrical power is disconnected. A minimum cooling time
of twenty-four hours is allowed. At the end of the twenty-four hour
minimum cooling time, a nitrogen purge is initiated at a flow rate of
3500 LP14. The hydrogen is discontinued at this time also. When the
exhaust flame is completely extinquished, all gases are shut off and the
lid can be removed and the parts taken out. Parts are now ready for
second sinter.

At present, vertical furnace modifications and/or stoking furnace
capabilities are under consideration to greatly increase present facility
capabilities, and will be pursued if larger quantities warrant the expendi-
tures.

Final sintering was accomplished in a double three zone, moly wound,
D muffle, hydrogen atmosphere sintering furnace of Teledyne proprietary
design, drawing C903-18. Approximate over-all Length of this furnace is
8 meters. The hydrogen flow supplied directly to the exit end of the
furnace tube is 250 +50 LPH.

Parts were sintered in molybdenum boats 18" Long, 6" wide and 1"
deep. Primary support used was 90 grit alumina, with a secondary coating
of Norton E 111 alumina to prevent loss of surface finish as occurs with
contact of course alumina.

Boat loading successfully used for those parts ranged from 1 to 6
pieces. The toking rate used was approximately 1. 5 rd/day. Target
furnace temperatures, as measured by optical pyrometer on the bulbs,
1300, 1400, 1400, on the front, middle, and rear zones respectively.
Because of the boat Loading technique described above, actual part
temperatures could not be recorded.

The thru-put capacity of this furnace is estimated to be 384 pcs/day.

Post Sinter Heat-Treating (Optional Technique)

Vacuum annealing is not required to achieve the low physical proper-
ties specified for this item; however, we elected to do so because the end
item is greatly affected at a minimal cost.

P-
r 1

. ... . . . . . . ..I. .. ...... .. ..



Vacuum annealing was accomplished in a Teledyne proprietary design
vacuum furnace. Working area approximately . 406 meters in diameter
by . 508 meters high. A vacuum of 25 microns was used. A Stokes
mechanical pump model number 212H-11 was used to achieve this vacuum.

Parts were placed in a crucible along with either alumina bubble or
alumina sand. Total of 100 parts per run were annealed. A typical cycle con-
sists of loading crucible into furnace, replacing lid and sealing furnace,

and pumping down to 25 microns before adding power to the molybdenum
heating element. After 25 microns have been reached, power was applied
and a temperature of 1050 0 C was obtained within six hours. This tempera-
ture was held for eight hours and power was disconnected at the end of the
eight hour period. A minimum cooling time of twenty-four hours is
needed before allowing the vacuum pump to be turned off and atmosphere
to be introduced into the working area. When atmosphere pressure has
been reached, the furnace can be opened and the crUcible removed.

V. VOUGHT CORPORATION PROCESS DESCRIPTION

The processing of the tungsten hemipsheres is shown in figure 4. The
quality assurance inspection plan is shown in the appendix.

Teledyne Firth Sterlings hardware was ready for first article inspec-
tion on March 20, 1979. This inspection on 32 parts was completed at the
Firth Sterling plant. The dye penetrant inspection showed what appeared
to be surface porosity on the unscored side of the "as sintered" disc. It
was decided to polish the surface and re-inspect it. After polishing, no
apparent porosity "showed up" on the surface and it was proven that the
"as sintered" surface, due to its fairly rough grain, traps the penetrant and
appears to took porous when in reality there was no porosity extending into
the material. No further polishing was done on the remaining parts that
were processed.

All of the Firth Sterling discs were formed at a die stroke of 1. 84
inch deep which was 0. 12 inch deeper than the design stroke. The 1. 84
inch stroke was set to "smooth out" the edge wrinkle experienced in the
high ductility material. This deeper die stroke was responsible for edge
cracking. It should also be-noted that the Firth Sterling discs exhibited
fragment wash out at the extreme edge of the parts, i. e., whole or partial
fragments were missing. In pressing these parts a wrinkle occurred at
each missing fragment location. This problem was later solved by Firth
Sterling but did require a deeper die stroke in the first form.

12
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Kennametals 10 piece first article hardware was received in June,
1979 and rejected based on two dimensional discrepancies and low ductility.
After approval by ARRADCOM, the 10 discs were formed and machined.
Dye penetrant inspection of the 10 hemispheres disclosed edge cracks in
3 parts. This cracking was attributed to forming the parts at a 1. 84 inch
die stroke instead of the 1. 72 inch design stroke. In November, 95 parts
were formed at the design stroke of 1. 72 inches and showed a marked
improvement. Five of the hemispheres were scrapped due to cracks.

Receiving and Inspection

The tungsten discs were inspected per MIL-STD 105. The sample size
is 100% dimensionally inspected from each shipment. One disc from each
suppliers lot is sectioned for chemistry and tensile test data. The tensile
test bar is cut from the center of the disc and pulled at the rate shown in
specification 707-111. Each disc is also visually inspected for scratches,
gouges, missing fragments, etc. Upon completion, the shipment is
released to the forming presses.

Forming

Prior to forminggthe smooth sides of the discs are lubricated with a dry
film DAG 154 lubricant and allowed to dry. They are then loaded on trays
and placed in a Lindberg furnace that is maintained at 7500F±2 5 OF and
soaked for 30 minutes. Each disc is removed and placed into the first
form die and formed. The design die stroke is 1. 72 inches. The Lindberg
furnace is capable of heating 100 discs/cycle.

The first form is done on a 220 ton Niagara mechanical press with a
12 inch (max) stroke and a capability of 20 strokes per minute. The
forming die is lubricated every 4 or 5 parts with a standard red forming
oil. After first form the hemipshere form is 90% complete. The edges
of the hemisphere are ground flat prior to the second forming operation.
Each part is ground to a gage to assure uniformity in the coining operation.
The parts are re-heated to 750°F prior to the second forming for 30
minutes. The second form is accomplished on a 70 ton Ferracute press
capable of 45 strokes per minute. The forming dies in each press are
pre-heated using a 6 inch diameter band heater to 250 0 F. The coining die
stroke is set by trail to obtain the full form on the 1. 157 inch radius.

After forming, the hemispheres are visually inspected for cracks. The
1. 157 inch radius is checked on a 20X shadowgraph (optical comparator)
to verify the form. A sample size of 5 out of every 50 parts are checked
on the shadbwgraph.

14



Machining

The hemispheres are loaded into a hemispherical lathe fixture and held
in place with a pneumatically operated male plunger. Pressure is con-

tinuous throughout the machining. The lathe is a Warner-Swasey turret
lathe. The tooling cutters are set up to produce either a male part or
a female part, i.e. the lathe cutter set up must be changed for each
configuration. Machining time is approximately 4-5 minutes per part.
The machined dimensions are checked on each part prior to moving to
the next station. Ring gages are used for the diameters and a height gage
(with dial indicator) is used for the radius height.

Vibratory Deburr

The hemispheres are vibratory deburred for at least 30 minutes in an
alkaline solution.

Inspect (AQL 4. 0)

Inspection at this station is done per MIL STD 105 whereby an AGL
sample size is taken and inspected 100% to all applicable print dimensions.

Vapor Degrease

The residue from tumble deburring and handling are cleaned at this
station prior to the dye penetrant process.

Penetrant Inspect (100%)

The hemipsheres are penetrant inspected per MIL-I-6866. No cracks
are permitted on the outside surface. Other anomalies including porosity
are not cause for rejection.

Vapor Degrease and Ultra Violet Light (AQL 4. 0)

The finished parts are vapor degreased to remove all traces of residual

penetrant and visual checked using the ultra violet light.

Inspect and Identify

The part number and Lot number is applied on the 0. D. surface using[black epoxy ink per MIL-E-43553.

[
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VL CONCLUSIONS

The original program was geared to form the discs both mechanically
and hydraulically. Only the mechanicalforming was attepnpted because
of speed of operation and ease of forming. It was found that material
ductility in the range of 18% to 25% provided the most successful (no
surface cracks) hemispheres. Stroke depth and die forming radius was
also very critical in forming hemispheres with no edge wrinkles. Edge
wrinkles almost always lead to vertical edge cracks.

The hardware provided by Teledyne Firth Sterling was considered higher
in overall quality than Kennametal (surface finish, uniformity, fragment
definition and dimensional consistency). The Firth Sterling hardware was
formed at a die stroke that was set too deep for consistent success. The
setting was changed from 1. 84 to 1. 72 on a follow-on effort that resulted
in a scrap rate less than 2%.

For follow on programs, it is recommended not to require heat treat-
ment or annealing to obtain high ductilities. It is within the state-of-the-
art to obtain 18% to 220 ductility with an "as sintered" part.

In summary, the following criteria should be used:

• die stroke 1. 72 inches or Less, depending on
forming radius

. form radius 1. 0 inch radius minimum

form temperature - 650°F - 750°F provided best results
(depends also on hardware formulation)

die temperature 2500F was design temperature - cold
dies were never used

lubrication - DAG 154 (moly-disulfide) on smooth
side of discs worked best

cleaning - tumble de burr in shaker works best -

zyglo powder residue still provides
problems

16



APPENDIX A

1.0 SCOPE

1.1 This Quality Assurance Inspection Plan outlines the program
for the inspection of prescored tungsten alloy hemispheres
to the requirements set forth in the applicable drawings
and specifications.

2.0 REFERENCED DOCUMENTS

2.1 Government

MIL-C-45662A "Calibration System Requirements"
MIL-I-6866 "Inspection, Penetrant Method of"
MIL-I-45208 "Inspection System Requirements"
MIL-STD-1O5D "Sampling Procedures and Tables for

Inspection by Attributes"
DI-R-1724 "Quality Inspection Test, Demonstration

and Evaluation Report"
DI-R-1725A "Quality Inspection Report of

Deficiencies Found in,Material"
Dwg 9313567 "Tungsten, Disc"
Dwg T9298784 "Hemisphere, Female"
Dwg T9298785 "Hemisphere, Male"
Dwg 9313626 "Tungsten Powder Alloy"

2.2 Michigan Plant

QCM 'Quality Control Manual"
QCI 4-4.1 "Penetrant Inspection"
QCP 746.2 "Procurement Documentation"
QCP 747.18 "Shipping Inspection; General"
QCP 747.19 "Receiving Inspection; General"
QCP 747.28 "Final Inspection; General"
QCP 747.36 "Measuring and Test Equipment Repair

and Calibration - Metrology Laboratory"
QCP 747.41 "Use of Quality Control Tags and Line

Stop Alert Forms"
Form No. 7-43590 "Discrepancy Record Information Only"
Appendix I "Inspection Planning Schedules"
Appendix II "Inspection Station and Flow Diagram"

3.0 QUALITY SYSTEM

3.1 The Quality System is described in the Michigan Plant Quality
Control Manual composed of Quality Control Procedures and
Quality Control Instructions. These documents conform to the
provisions of MIL-I-45208.

A-
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3.2 Calibration of instruments, tools, and gages used for
acceptance of the hemispheres shall be in conformance
with the requirements of QCP 747.36 (reference MIL-C-45662A).

3.3 Nonconforming hardware will be identified and controlled
to eliminate the possibility of intermingling with acceptable
hardware. These items will be tagged using the "Quality
Control tag" in accordance with QCP 747.41. Discrepancies
will be reported on form number 7-43590, "Discrepancy Record
Information Only." Each discrepancy will be dispositioned by
Engineering and Quality Engineering personnel assigned to the
hemisphere program. Discrepancies written against major
characteristics will be reported to the customer by Quality
Engineering. Dispositions will consist of "Acceptable As Is,"
"Rework to B/P," or "Scrap."

3.4 Government-furnished property is not applicable to this

contract; therefore, DI-R-1725A will not be used.

4.0 PROCUREMENT AND SUPPLIER CONTROL

4.1 Quality Engineering personnel will review and approve purchase
requisitions and purchase orders, and will assign and maintain
the Quality Requirement Codes to be placed on the purchasing
documentation (reference QCP 746.2).

4.2 Suppliers of the tungsten base, high density metal are reouired
to conform to the requirements of Specification 707-111.

5.0 SAMPLING AND CLASSIFICATION OF CHARACTERISTICS

5.1 Each drawing characteristic will be sample inspected to
MIL-STD-105D, General Inspection Level IT. The AQL to be
used is dependent upon the characteristic classification.

Classification AQL

Major 1.0

Minor 4.0

5.2 Three drawing characteristics on each of the hemisphere
subassembly drawings have been classified as major.

Characteristics Drawing Numbers

lelA 810( oa & T9298784 & T9298785

1.157 +:Mg Spherical Radius T9298784 & T9298785

No surface cracks on outside surface T9298784 & T9298785

- The remaining drawing characteristics have been classified as minor.

A-2



6.0 INCOMING INSPECTION

6.1 Receiving inspection of the pre-sintered scored tungsten
disc, P/N 9313567, will be conducted in accordance with
the requirements of Inspection Planning Schedule (see
Appendix I) and QCP 747.19. Sampling inspection will be
performed to a 1.5 AQL.

6.2 Material properties will be checked on an as needed basis

to control vendor supplied material.

7.0 IN-PROCESS INSPECTION

7.1 Normal first piece inspection, plus timely in-process
inspections, will be performed on parts after forming
operations. These inspections will be conducted in
accordance with the requirements of Inspection Planning
Schedules (see Appendix I).

8.0 FINAL INSPECTION

8.1 Final inspection will be conducted, after machining
operations have been completed, in accordance with
the requirements of Inspection Planning Schedules
(see Appendix I) and QCP 747.28.

9.0 NONDESTRUCTIVE TESTING

9.1 Penetrant inspection will be performed on each hemisphere,
after final dimensional inspection operations, in accordance
with Inspection Planning Schedule (see Appendix I) and QCI 4-4.1
(reference MIL-I-6866).

10.0 INSPECTION TOOLING

10.1 Each drawing characteristic will be inspected utilizing
the equipment (or alternate that is equivalent) as specified
on the applicable Inspection Planning Schedule.

S11.0 SHIPPING INSPECTION

11.1 Packing and packaging will be inspected to the requirements
of QCP 747.18 to ensure that the hemispheres are packed for
shipment in accordance with the best commercial practices
for safe transportation.

12.0 TRACEABILITY

12.1 Identification to provide traceability of material lot or
batch numbers will be maintained during the receiving
operations, and will become an integral part of the control
system throughout fabrication. This requirement will be

controlled by the use of Manufacturing and Inspection planning.

A-3



13.0 MICHIGAN PLANT CERTIFICATION

13.1 Quality Engineering will provide the Certificate of
Compliance with each lot shipment of hemispheres to
Picatinny Arsenal, in accordance with the requirements
of DI-R-1724.

Copies of the material certification received from the
tungsten supplier will also be sent with each shipment.

*1A
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1. SCOPE

1. 1 This specification covers the materials and fabrication processes to
produce tungsten base high density metal parts which are to be severely bent
or drawn into hemispherical shape.

2. APPLICABLE DOCUMENTS

2. 1 Government documents. The following documents, of the issue in effect
on date of invitation for bids or request for proposal, form a part of this speci-
fication to the extent specified herein.

STANDARDS

Federal

Fed. Test Method Metals; Test Methods
Std. No. 151

Military

MIL-1-6866 Inspection, Penetrant Method Of
MIL-STD-105 Sampling Procedures & Tables for Inspection

by Attributes
MIL-A-2550 Ammunition, General Specification For
MIL-STD-129 Marking for Shipment and Storage

DRAWINGS

9313567 Disc, Tungsten

(Copies of specifications, standards, publications, and drawings required by
suppliers in connection with specific procurement functions should be obtained
from the procuring activity or by the contracting officer.

2. 2 Other publications. The following documents form a part of this speci-
fication to the extent specified herein. Unless otherwise indicated, the issue in
effect on date of invitation for bids shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS

ASTM B-311 Density of Cemented Carbides

ASTM E-8 Tension Testing of Metallic Materials

1! 9-2
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(Application for copies of the above publications should be addressed to the
American Society for Testing and Materials, 1916 Race Street, Philadelphia,
Pa. 19103.

3. RAW MATERIALS

3. 1 Tungsten powder. The powder shall be hydrogen reduced tungsten powder
produced by normal production methods.

3.2 Alloying Elements. Elemental powders for alloying shall be high purity.

3. 3 Raw Material Inspection. A certificate of analysis for all powders
showing compliance to the requirements herein shall be provided by the supplier

, for each material tot.

4. COMPOSITION OF MIX

Each mix composition shall be identified by a lot number ane be in accordance
* with Table L Alloy constituents shall be carefully weighed on scales which are

accurate within 2 percent.

Table B-I. Mix Composition

Tungsten, % by weight 91 max

I Nichel, % by weight 4.5 to 7.5

Iron, % by weight 2.5 to 5.5

[ Total other elements, % by weight 1.5 max -
Specify type,

grade and

purity of each.

4.1 Mix control. Each mix of powder (which constitutes a lot) shall be
subjected to tests before being released for production. The content for each
mix shall be chemically analyzed to be in conformance with the requirements
herein (see 7.7.6 ). Tungsten discs shall be prepared and at least two (2)
test blanks conforming to ASTM E-8, Figure 6 , shall be prepared from corn-[ pleted discs. Tensile strength, density, and hardness shall be verified to conform

Bl8,3
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to requirements herein for each of the two test blanks. Failure to meet these
requirements shall be cause for rejection of the entire mix. Rejected mixes
may be completely analyzed to determine possibility of re -working. The re -

worked mix may be resubmitted for the mix control tests.

5. COMPACTED DISC IDENTIFICATION

Identification shall provide record traceability to the raw material, the
blended powder mix, and to the discs compacted during each lot production.

6. TUNGSTEN DISC REQUIREMENTS

6. 1 First article. Unless otherwise specified in the purchase order, before
production has commenced a sample or samples of the tungsten discs shall be
made available to Vought Q. C. personnel or his authorized representative for
approval in accordance with 7.4. The approval of the first article samples
authorizes the commencement of production but does not relieve the supplier of
responsibility for compliance with all applicable provisions of this specification.

6. 2 Physical and Mechanical Properties. The discs shall have properties
conforming to Table II, as determined using sub size test blank(s) from tungsten
discs per ASTM E-8, Figure 6. In addition to test blank(s) from tungsten disc,
five production parts out of 100 may also be tested for density, hardness, and
porosity per the applicable Military Standards.

Table B-Il. Physical and Mechanical Properties

Parameters Value

Physical
Density (g/cc) 17.0 min.
Hardness (Rockwell "C") 32 max.

Mechanical
Ultimate tensile strength
(psi) 100,000 min.

Elongation (percent) 25. 0 min.
@ 0. 02 in/min cross head speed

[I B4
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6.3 Microstructure. The microstructure shall exhibit a uniform distribution

of tungsten and binder material when viewed at 200 magnifications.

6.4 Dimensions. The dimensions shall be as specified on drawing 9313567

disc, tungsten. Material shall be pressed as one piece with no sinter brazing or

other joining methods permitted.

6. 5 Porosity. The maximum level of surface porosity shall not exceed that

amount contained in the standard supplied by Vought when inspected per 7. 7. 7.

7. QUALITY ASSURANCE PROVISIONS FOR TUNGSTEN DISCS

7.1 Responsibility for Inspection. Unless otherwise specified in the purchase
order, the supplier is responsible for the performance of all inspection require-
ments as specified herein. Except as otherwise specified in the order, the
supplier may use his own or any other facilities suitable for the performance of
the inspection requirements specified herein, unless disapproved by the procuring
activity. The procuring activity and/or Vought Corporation reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements.

7. 2 Classification of Tests. The inspection and testing of the material shall
be classified as follows:

a. First article inspection (7. 4)

b. Quality conformance tests (7.5)

7.3 Lot. A lot shall be defined as a uniform blend of one mix of powder.
If a shipment of items is made from more than one lot, each Lot must be separately
identified.

7.4 First Article Inspection

7.4. 1 Sampling. When first article testing is performed, it will be

the responsibility of the supplier to submit a specified number of test blank(s)
from tungsten discs to Vought. The sub-size test blanks shall conform to
ASTM E-8, Figure 6 and shall be from a single lot.

7.4. 2 Tests. The first article tests shall consist of all the tests specified
in test methods, 7.7.

F
B-5
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7. 5 Quality Conformance Tests

7. 5. 1 Sampling. Sampling for inspection and acceptance shall be performed
in accordance with MIL-STD-105, except when otherwise specified herein.

7. 5. 2 Unit of Product. The unit of product shall be one item (as sintered)
offered for acceptance.

7. 5. 3 Tests. The quality conformance tests shall consist of the following:

a. Hardness (7.5.3.1)
b. Examination (7.5.3.2)
c. Density (7.5.3.3)
d. Porosity (7.5.3.4)
e. Individual Tests (7.5.3.5)

7. 5. 3. 1 Hardness. Each sample unit shall be tested for conformance to the
hardness requirements of Table I as specified in 7. 7. 1. The inspection level
shall be S-3 with an acceptance number of zero for all sample sizes.

7. 5. 3. 2 Examination. Each sample unit shall be examined for dimensional
and finish requirements of the drawing as specified in 6. 4.

7. 5. 3. 3 Density. Each sample unit shall be tested for conformance to the
density requirements as specified in 7.7.3. The inspection level shall be S-3
with an acceptance number of zero for all sample sizes.

7.5.3.4 Porosity. The porosity level shall meet the requirements of 6. 5.

7. 5. 3. 5 Individual Tests. Unless otherwise specified a minimum
of two test blanks from tungsten disc conforming to ASTM E-8 Figure 6. shall be
made from each powder mix. Composition shall be tested as specified in 7. 7. 6
and one examination for uniformity of microstructure, 7. 7. 5, shall be made.
Failure of any test blank to pass any one test will cause rejection of the lot
represented by the test blank.

7. 6 Test Conditions. The material shall be subjected to the acceptance tests
under the following temperature conditions.

Room ambient, 200 to 35 0 C (680 to 86 0 F)

7.7 Test Methods.

[- 7-09"0rawt7
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7. 7. 1 Hardness. Samples shall be tested in accordance with Method 243
of Federal Test Method Standard No. 151 to determine conformance to Table II

7. 7. 2 Dimension and Finish. Samples shall be inspected to determine
conformance to 6.4.

7.7. 3 Density. Samples shall be tested in accordance with ASTM B-311
to determine conformance to Table II.

7. 7. 4 Mechanical Properties. Samples shall be tested in accordance with
ASTM E-8 to determine conformance to Table 11 with respect to tensile strength,
and elongation.

7. 7. 5 Microstructure. This test shall be accomplished on a test blank from
a disc. Metallographic examination at 200 magnifications shall show a structure
having uniform distribution of tungsten and binder material.

7. 7. 6 Chemical Analysis. Analysis of each lot shall be made by Method 111
or 112 of Federal Test Method Standard No. 151. Chemical analysis by Method 111
shall be the basis for acceptance.

7.7.7 Penetrant Inspect (MIL-i-6866 Type I, Method A.) A minimum of
ten (10) sample units shall be tested to conform to the maximum level of surface
porosity when compared to a Vought supplied standard.

8. PREPARATION FOR DELIVERY

8. 1 Preservation, Packaging, and Packing. Tungsten powder parts, in what-
ever stage of manufacturing completion as may be appropriate, shall be prepared
for delivery in accordance with the contractor's commercial practice in such
a manner as to insure acceptance for safe delivery by common or other carriers
to the point of delivery at the lowest rate.

8.2 Marking. Each individual part and test parts shall be clearly identified
with a lot serial number; where parts are too small to be individually identified.
they may be grouped for this purpose. In addition, each shipment shall be
marked in accordance with MIL-STD-129 (rubber stamp acceptable.

8-7
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Manufacturing Methods Report tetails new or novel manufac- :~ta
turing met:!iods, processes, and techniques in arebas wuhere th
existing state-of-the-art does not meet mil itary require'-
MentzST ZMM ORAMOO

This data it-- shall not be cited in contracts where the 0.*vncfez
necessary data is *.eing secured is a part of 01-S-1300, 6WSj0

Technical Reports, or 01-E-1118, Oriwings. Zngineering AiC;Z 700-24
and Associ4ated Lists, OI-P-1614, Cescription of Manu-
facture, or 31-E-1115, 7echnical Oata Package.

The report shall detail mew ntanufacturing methods, processes and techniques developed
,.nder the contract. 7lie -.escriptlon of the Process shall incltude the folloming as
ninimum data:

I.. Ceificate of Analysis 'or each powder manufacturer's lot of tungsten powder.
Z. Type. grade, and Purity of all other metal powders, and lubricants or Inders.
3. .4i.x composition -and vixing procedure.
t. Compacting equiptnent (type, mnodel , modifications, etc.) and procedure. Specl:
*latz in this category shafl Irclude Powder loading and Ilevel ing net4od, pressurt,
dwell -ime, ejection method, and 2roduction rate.
5. Pri-sintering or delu-brication procedure Including speci'ic data such as atno- !er
and flow rate, furnace temperature setting(s), stoking rate, total time, and prcadJ c
rate.
5. Sirstering equipment (typo. --odol. nodiflcations, etc.). and ' ancedure. Spec1i I
data in thi's category snall Include atnosphere and flow rate, furnace zone(s)
teoerature setting(s), stoking iate, total sintering time, and oroductlon rate.
7. Post-sinter Neat-treating equipment 'type, -mdel , modifications, etc) and Pro-
codures, 1-' ipz1ica~le- Soecific lata in this category shall include htat-treating
7,-edia (vacuu.. atmoschert, et:.), tncerature, time and production rate.
3. Fo-niing ecuim..ent k(type, -.ocel, moificitloms, etc.) and prccadure(s). Ct.~er
specific data snall intl-ie tzollIag drawinmgs, t:ol ing pri-heat te~r:erat lre. 14isc
pre-heat tenoerit-urt 3trj tirne, disc transfer tine, press speed. ard production rate.

SIP -P&G
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APPENDIX C

KENNAMETAL INC.
LATROBE, PA

CERTIFICATION OF CONFORMANCE

Kennametal Inc. hereby certifies that discs manufactured

for Vought Corporation on Purchase Order Number MOP-136133,

Shop Order Number #901-1253 conform to the requirements as

specified on Drawing Number 9313567 (Rev. A).

Material W-1O Lot Number 1022 Quantity 11

Lot 1022

Chemical Composition

Tungsten 90.64
Nickel 4.92
Iron 2.86
Total other 1.58%

elements

Physical Properties

Required Actual

Density (g/cc) 17.0 mmu. 17.05

Hardness (Rc) 32 max. 25.0

Tensile (flat rectangular tension test specimen - ASTM E8 Figure 6

Subsize - " wide - 1" Gauge)

Ultimate Strength (Psi) 100,000 min. 125,000

Elongation (2) 25.0 mn. 26.6%

200X Microstructure Normal

Attested b

Signature

Alden M. Burghardt Name
Manager of Metallurgical

Development Title

1 June 8, 1979 Date
C-!1



ii

KENNAMETAL INC.
LATROBE, PA

CERTIFICATION OF CONFORMANCE

Kennametal Inc. hereby certifies that discs manufactured

for Vought Corporation on Purchase Order Number MOP-136133.

Shop Order Number #901-1253 conform to the requirements as

specified on Drawing Number 9313567 (Rev. A).

Material W-10 Lot Number 1022 Quantity 11

Dimensional Inspection: Parts meet all the required specfications, except
for the following.

The .100" thickness is oversize .001/.002"
on 25% of surface.

The .139 + .003" dimension is undersize by
.001" on three pieces.

I;I

I.

i ATTESTED BY:

Al Au AnNM

Supervisor Quality AssuranceTITLE

June 8, 1979 DATE

: C-2 [



KENNAMETAL INC.
LATROBE, PA

CERTIFICATION OF CONFORMANCE

Kennametal Inc. hereby certifies that discs manufactured

for Vought Corporation on Purchase Order Number MDP-136133,

Shop Order Number #901-1253 conform to the requirements as

specified on Drawing Number 9313567 (Rev. A).

Material W-10 Lot Number 1022 Quantity 49

Lot 1022 (As-sintered)

Chemical Composition

Tungsten 90.64
Nickel 4.92
Iron 2.86
Total other 1.58%
elements

Physical Properties

Required Actual

Density (g/cc) 17.0 min. 17.05

Hardness (Rc) 32 max. 24.7

Tensile (flat rectangular tension test specimen - ASTM E8 Figure 6)

Subsize - " wide - 1" Gage

Ultimate Strength (Psi) 100,000 min. 124,800

*Elongation (%) 1". Gage 25.0 mrin. 23.9
Y' Gage 28.3

200X Microstructure Normal

Attested by

Signature

George C. Tokeskv Name_ Manager, "
,Metallurgical ServicesTitle

*Elongation determined on same November 1. 1979 Date

specimen

C-



KENNAMETAL INC.

LATROBE, PA

CERTIFICATION OF CONFORMANCE

Kennametal Inc. hereby certifies that discs manufactured

for Vought Corporation on Purchase Order Number MDP-136133,

Shop Order Number #901-1253 conform to thbe requirements as

specified on Drawing Number 9313567 (Rev. A).

Material W-10 Lot Number 1022 Quantity __4,7

Lot 1022 (As-sintered)

Chemical Composition

Tungsten 90.64
Nickel 4.92
Iron 2.86
Total other 1.58%
elements

Physical Properties

Required Actual

Density (g/cc) 17.0 mini. 17.05

Hardness (Rc) 32 max. 24.7

Tensile (flat rectangular tension test specimen -ASTM E8 Figure 6)

Subsize - h" wide - 1" Gage

Ultimate Strength (Ps i) 100,000 min. 124,800

*Elongation ()1"-Gaige 25.0 min. 23.9
Y' Gage 28.3

20OX Microstructure Normal

Signature

George C. Tokesky Name

fttalluraical ServicesTitle

II *Elongat ion determined on same November 1. 1979 Date

specimen

C4



APPENDIX D
TELEDYNE FIRTH STERLING

PRE-SCORED TUNGSTEN DISCS

HANUFACTURINC METHODS REPORT

I. TUNGSTEN DISCS COMPOSITION CHARACTERISTICS

A. Analytical Report - Lot No. 131 - Material X-29, Sample 3

B. Certificate of Analysis - Tungsten Powder - Lot No. C-8-6133-FS

C. Analytical Report - Lot No. 132 - Material X-29

D. Analytical Report - Lot No. 4399 - Material Reduced Tungsten
For Blend 132

E. Analytical Report - Lot No. 403 - Material Nickel Powder

F. Analytical Report - Lot 605 - Iron Powder

G. Gulf Oil Corporation - Typical Properties Gulfwax 27

H. Compacting Punch Design

II. CERTIFICATE OF TEST AND COMPLIANCE - LOT 13t

I1. COU4POSITION FORMULA

A. Tungsten - 90.3 + .5%

B. Nickel - 7 + .5%

C. Iron- 3 + .3%

D. Other Permissable - .5%

I.

. 0.1



11 SITERL!NG [A N!ALY T IC AL IZEi P Rf
~~P11ISBURCII, PA. TE __ _ _

SAMPLE REFERENCE: REPORT NO. 0 g --

CUSTOM-ER REFERENCE: (Oerator) (

SIJBMJTTED BY: vgce) 6/ S17W6el -

pper. ~ 1~n~e
-- - --- --- u ----- Control n _e

AN'ALYSIS

MA-27,A AK6 3 LoTro /3/
-- -PITYSICAL. CHEMICAL. ;nd SPkXIROGFRAPIiCI A Asupp1ed ifle min ELEiL - ELEM..

Iv IscoALI
Poiy _[ - J4 Asf INs
Scott Density iii~m jnj B
m-ra -s - ] T 0

-~ - -T

Ball FoTasee. IC I ___ Jr

-- ____ M_ _ - - __ ca _ __ _

1-2 8.9 C, S"

2-3 9 - 910 Cu Ta

3-4 . 0-35 e 3Ira
4.5 15-20 1~q IV
5-6 -. 20-25 - -" - il

SCREEN ANALYSIS co,-s

MES S---L ZY 09 - JE/



WAH CHANG HUNTSVILLE CERTIFICATE OF
7?0no 1IGWAY " WLST HUNTSVILLE. ALABAMA 3%IiS

IMl l uc311 TWA, 20 2 *5

TEL: Teldyne Firth Sterling Date .... Arp! i ... 1 9 ......

P.O.Box 700
McKeesport, PA 15134 Quantity . ... 5..00. .hs.I X

Attn: Mr. Don Bernens

Customer Order No. 13835 . ...... . . .......

%\'ah Chang Order No. HA 1916... ...... ... ..... ty Cnt ana. r

ANALYSIS

MATERIAL Tungsten Powder LOTNO. C-8-6133-FS

PHYSICAL CHEMICAL and SPECTROGRAPHIC

As Supplied Lab Milled ELEM. _ ELEM.F ! er No. -- -1 1... ..

Av. Microns 3.15 2.52 AL -0.001 N

Porosity 0.6 1 . .. 0.550 As Na

Scott Density 1.9.32 gm/cu. in. B Ni -0.001

TapTest 6.250 - CT 0.0025 . 0.023

CF P

PARTICLE SIZE DISTRIBUTION C C Pb
BY PHOTOTELOM ETER (LAB M ILLED) . ....... . -0,Q01

Ca S
Micron Micron -_ __ f _ _... .
Range WL % Range Wt. Cb Sb

0-1 9.5 7-8 5.2 CO Si
-.... -.f -D1 -O.. 03 _-

1-2 18.4 8-9 4.2 Cr -0.003 Sn -0.001

2-3 17.8 9-10 2.6 IC -0.001 Ta

3-4 15.1 10-15 Fe -0.004 -0.001

4-5 11.2 15-20 Mg -0.001 W

5-6 9.7 20-25 Mm -0.001

6-7 6.3 Balance Me -0.• 005

SCREEN ANALYSIS Iii An 1odnnr

MESH SIZE 4 Wt.- Jrahez._ n r -_

_ _ -2 0 0 - . ... .

o-3



VIRT[I STIERLING AYICLnPor
4 PARKWAY CINI[R A A Y IA 1-O T

PIITSBURGH. PA. DT ~ .+2%
SAIMPLE .REFERENCE-: -REPORT NO. __ojZ __

CUSTO1M REFERENCE: - - (operator)

SUiBMITTED BY: &dM,) /6~~6
Quality Control ?'.anagtr

ANA L NS IS

MATERIAL 5(2 OTr Not
PHYSICAL . ~ - CHEMICAL and SPEC FROGRAPH IC

AsM Suppled Lab Milled -ELM IELEM.

AV. Mk1rons AL~~±

j l ~~~As Na

Solt Dmilty gin/cu. in. B J N

P prst - CT fj 0

Hall Flow Tes see. C F

- PARTICLE SIZE DISTIUBUTION c C Pb
BY X-RAY SEDIGRAPH (LAB MILLED) -

Micron iM;tron*, - Ca -_ S -

Range-. VL% R ange WVL %C

0-1 [7-8 C-S

1-2 8-9 CrSn

2-3 9-10 Cu Ta

34 10-3 Fe 44
4-5 .15-20 mg w

5-6 2025 Mu

6&7 BalarnceM

-- SCREEN ANALYSIS - - CO'_tWrS: ---

- )~MESH SIZE

-- -1



q-'T 1 1' D

V:11-fH STFELING AAYIA ~PR
4 PARKIVAY CENTERAN LTC LU-P Rf
PITTSBURGH. PA.

SAMPLE REFERENCE: REP RT NO. 6)0 L/ -

CUSTOMER REFERENCE: -(~rtr

SIJBMHITTED BY: ,f d L-
Qualty ontol It-nager

F 
ANALYSIS

M ATERIAL ,6?btC~b70aA/J6 _W)LTO

*~HI 1A -n - .S7J-- O N.i.C9fRC 8/APd
PHYSICAL AL~-- HEIA n PFTORPJ

As Supple4 Lab Idild .jLENL.r F 1,M..

Po; osity Na 7'.AspfNv

Scoit Denity g m Ic u. i n. B -f NJ

p Test C~cn - T j 0

Hall Flow Tes sec. C F ___

- PARTICLE SIZE DISTRIBUTION cc C b-
__--BY X-RAY SEDIGRAPH (LAB MILLED) -- ~

MIC'oo - Mkroa___
RangeC Wi..V, Range NWL% Cb, Sb

0-1 7-8 Co Si 03 ~10PY

1-2 8-9 Cr Sn

2-! 9-30 CU Ta

3-4 10-15 - -F 1

4-5 15-20 Mg - -W-

5-6 . 20-25 M

6-7 1alnf 0o

SCREEN ANALYSIS, -- COVflTS:_ALESS. 6d96eLd1,s6-

* MAESH SIZE AVL A j/0 C>

D-5



[7,
-1PTEIEDYN__FIRTH STERLING ANALYTICAL REPORT

4 PARKWAY CENTER
.-PITTSBURCH, PA DATE Lf

SAMPLE REFERENCE: REPORT NO. 00 62

CUSTOMER REFERENCE:

SUBMITTED BY:

lity Control Ma nag er

ANALYSIS

MATERIAL WCJ& b5b~ O NO.LO

- PHYSICAL CHEMICAL and SPECTROGRAPHIC

As Suppled Lab Milled . ELEM. ELFM.
•FiIher No. _ _ _ _ _

Av. Microns q&0 " AL.' N

Porosity As- N" -
Scott Dnsty. grn3cu. in. B Ns

Tap Test gn3/cms C T 0

Hall Flow Tes sec. C F

. PARTICLE SIZE DISTRIBUTION C c Pb 4
BY X-RAY SEDIGRAP (LAB MILLED) . ... __

Mron .. MC,oi S..-.
Range WL % Range Wa. Cb Sb

0-1 7-8 Co Si

1-2 8-9 Cr Sn

2-3 9-10 Cu Ta

3-4 30-15 . Fe T1

4-5 35-20 Mg w

54 .20-25 M Y. pp
6-7 lialaflhI- Mo

SCREEN ANALYSIS COMMENTS:

MESH SIZZ IYL
a.g



I

t 'A1TELEDYN_
FIRTH STERLING ANALYTICAL REPORT

4 PARKWAY CINIER
PITTSBURGH. PA.

DATE 4 ST9
SAMPLE REFERENCE.: REPORT NO. .. 1 .O -

CUSTOMER REFERENCE: (Opergrtor)

SUBMITTED BY:

ANALYSTS

7,ATERIAL _1iT&OA) PC - - - LOT NO, o
PHY'SICAL CHEMICAL and SPECTROGRAPIC

As Suppl;ed Lab Milled ELEM_ ELEM.

Av. -_o___ q_" vAL -

Porosity .. I .. .As... Na

Scott Dco ty- gmlcu. in. B Ni

T..PTest CT 0O~

Hall Flow Teaq sec. C F

- PARTICLE SIZE DISTRIBUTION C C "b -
- ..... BY X-RAY SEDIGRAPH (LAB MILLED)

Mricam. m;c on, [_ "
__s'-_

Range. -. Range Vt.. Cb Sb,

0-1 7-8 Co Si

1-2 8-9 Cr Sn

2-3 9-10 Ca Ta

3-4 - O-10-15 -Fe

4-5 15-20 Mg iv

54 . 20-25 MNi

6.7 3.lanca M

SCRFEN ANALYSIS COIHE]1TS:

MESH Sim W

'". . .07



Typical Properties

Culfwax 20 Gulfwax j~utwax33 Gulfwax 40
av ity, ASiMY 027: *API Theoretical 43.8 43.5 42441.3

Melting Point, ASTM 0 87: F 120.2 1126.6 1.8140.1
ASTM D0127: F - - -

Congealing Point, ASIM D 938: F 120 127.8 - 135.0 138
P;eeration, ASTM 0 13-21 @ 717 F __17_ -18 15 -14

@ @100 F 74 - 58 5640

@ 180 F -- 46.8

Clsa)O: 210 F 35936.8 39.2 -~41.6

Cloud Point, ASTM D 97: F 146 146 - - --- -

Coor, Saybot +30 f+0-+30 +30
Color, AiM D0150 - -

Odor, Solid State v. slight v. slight vslgtslight
Liquid State v. slight fvslgtv. slight v. slight

Oil Content, ASTM D 721: % 0.29 0.18 0.19 0.15
Tensile Strength, ASTM D01320: P -SI - 280 300 .398 352
Modulus of Rupture, TAPPI-655: PSI 358 - 39 4422 -

Oxidation Stability Test, 275 F
Proposed ASTM Method (1955)
Induction Period: Minutes .647 700 75749

Ultraviolet _Absorptiity @ 290 rnia, ASTM7!
D2008 <0.01 <0.01 0.1<0.01

WI0asii-a o--- -TypelI TypelI Type I Type I
Blcing Point. ASTM D 1465
Picking Point: F 92 96 99
Blocking Point. F - 93 98 98 108

Iodine Number -02 0.2 0.37 0.4
MolIecular Weight ___________ . 326 346 373 442
Refractive Index 1.4285 1.4343 1.4330 1.4359
Distillation, Vacuum Corrected to 760 mm HS

5% Point: F 724 724 747 804
10% 728 730 749 810
50% 748 748 765 844
70% 760 758 770 865
90% 786 786 799 896

D Gulf Oil CorporationGutf Building
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','TELEDYNE
FIRTH STERLING
61 TELEDYNE PLACE

INTERCHANGE CITY IND. PARK

March 19, 1979 .A v RGNE. TENNESSEE 37O66

(615) 793-7771

CERTIFICATE OF TEST AND COMPLIANCE

Vought Corporation
38111 Van Dyke Avenue
Sterling Heights, Mich. 48077

Description: Tungsten Base, High Density Metal Disc

Physicial and Mechanical Properties:

UTS ...... .................. 100,000 psi (mn.)
Elongation ..... .............. .255 (min.)
Density ..... . . .......... 7.0 gm/cm 3 (min.)
Hardness ...... ............... .32 RC (max.)

Results to be obtained by ASTM E-8, Figure 6 Tensile Specimen.

I certify that the physical and mechanical properties of said material
according to the above description, are as follows'for Lot 131:

UTS ...... ................. .133,630 psi
Elongation ..... ............. .25.04%
Density ...... .............. 17.17 gm/cm 3

Hardness. ...... .............. .26.2 RC

TELEDYNE FIRTH STERLING

ROBINVJ . NELEN-DEZ-
META LLURG IST

DCAS QAR

0.-10



APPENDIX E
Mr. Cuda/db/
201-328-645S

DRDAR-PRW- B

NOV 2 7 ;19
Vooght Corporation 

"

Michigan Division
ATTN: D. W. Mc illan, Contracts
38111 Van Dyke Ave.
Sterling Heights, MI 48077

Gent emen:

Reference is made to Contract DAAK10-79-C-0049,

The ductility requirement on Drawing 9313567, Tungsten Disc, is lowered
to 18%. This Item Is currently being frIshed to Vought Corporationm b7
Kennametal Company under the above- referenced contract.

Parts from the above-referenced contract which are considered tnsuitable
for loading because of cracks and/or dimensional deviations shall be
shipped to U.S. Army ARRACO.!I, ATTm: DRDAR-SC-P, Mr. if. Sheldon, Dover,

It is understood that the above changes shall have no impact on contract
cost or delivery schedule.

Sincerely yours

ECASMA Detroit

M!c.amara Fed Bldg SAMiLEL F. RI:ZO
477 Michigan Ave. Contracting Officer
retroit, MI 48226

I

E.1

' L . ...... ... J



7MTELEDYNE
FIRTH STERLING
01 TELEDYNE PLACE

INTERCHANGE CITY INO. PARK

March 21, 1979 LA VERONE. TENNESSEE 370 6

(615) 793-7771

LETTER OF AGREEMENT

TUNGSTEN DISCS

REF: (1) Material Specification for Tungsten Base,
High Density Metal Discs, 707-11

(2) Disc, Tungsten T9313567 Rev. A

1. The first article inspection at Teledyne Firth Sterling
occured on March 20, 1979 and was witnessed by Vought
and ARRADCOM personnel.

The 32. discs met all of the requirements referenced
in 1 and 2 except the surface finish and dye penetrant
requirement level when compared to the Vought supplied
standard.

2. It has been mutually decided to conditionally accept this
initial quantity of discs based on successful forming by
Vought.

3. These discs do not constitute first article acceptance;
therefore, Vought tentatively waives first article and
in-plant inspection is not required for this quantity.

G ED:

VERN S OTWELL SYD GORDON
TELEDYNE FIRTH STERLING ARRADCOM
PROJECT ENGINEER PROJECT OFFICER

W. MRDEZA .2
VOLJGHT CORPORATION1 ARRADCOM

PROJECT MANAGER METP LLURG TST

.11! E-2




