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1. INTRODUCTION AND EACKGROUND

[
.
(23}

Effective 12 September 1373 the Chamberlain Manufacturing
Corporation Kesearcli ard Development Division centractec to
preduce the following guantities of 76-min/62 Caliher Prcjec-

tilcs and ascociated parts:

Jtem 0001: 5,050 each Proiectile Bodies, Drawing
07609-40726 Rev. 3 (Later KRev, C)

lrem O0002: 250 each Projectile Bodies, Drawing
07663-41075

Item 0003: 250 each Base Plug, Drawing 07609-40890

Item 0004: 2,000 each Cavity Liners, Drawirg
97609-407%7 Rev, B

Essentiaily Lhis was a foilow-on efforr ts Contract N0OO178-
73-C-0373 during which the Company fabricared experimental
guantities of projectiles from both HFl ond AISI 9260 steel.
Undexr the subjert contract, the material for the projectile
bedy was AISI Y260 steel, the first quantity of which was fur-

nished by the U, 5. Naval Veapons Laboratory.

[+1)

1.2 A Description of Menufacture was submirted on 29 May 1574 which
discussed w#ar doscrvibed the process employed by Chamberlain to

manufacture the atove quantities. Attached thereto was a

Dziailed Plan of laspection. Briefly, each component was pro-

duced us described in the rollowing paragraphs.
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1.2.1 Body

e
-
’

The projectile bodéy was manufactured over generdl puriose

XN

equipment avzilable in the shops of the Research and Develep-
ment Division, Inspection was <onducted using a combination
of Govermment-furnished gages and free setupes or Company gages
for those characteristics for which no Guvezsuent-furnished

gages werc available.

The hasic body process is the hot cup-cold dravw process, using
AlS1 9260 steel which was certified to the irllowing chemistry

by Republic Steel Corporation.

Heat Lot  EilN c Mn P ) Si

081261 t .6G5 .50 007 .016  2.06

w
o)

Forge temperatures were over the critical transfermation tem-
perature of the material; therefore, it was necessary tc ascer-
tain that the material was fully splieroidize annealed prior tu
conducting cold drawing operations., After each celd draw, the
material was annecaled back for subzequent draws. Cleanliness
is important; thercfore, the Company pluces consideravle om-
phasis on shot blast cleaning to remove scale and to furnish

a good base for lubricant required to accemplish diaws.

‘the remainder of the process is conducted on general purpose

machinin eguipment.

1.2.2 fot-virg Bands

Band blanks measuring 3.0 inches 1.D. by .225 iovh wall were

purchased from Chiase Copper anZ Brass Co., Waterbury,

-
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Connecticut. The material is annealed commercial bronze

(907 ccpper) and was certified as follows per Mil-E-18907

{NOrd).
Grain Tensile %
Size Strength Elongaticn 180°
Sample _(mm) {psi) (2 In.) Beod Cu Pb Fe Zn
1 .060 36,8C0 54 OK 89.63 .03 .03 Balancw
2 .060 35,400 50 OK

Blanks were applied to bodies with a Watson-Stillman 24-Jaw

banding press and then vere final machined.
1.2.3 Cavity Liner

These were purchased {ully wmachined from Nieman Tool ard
Machine Cc. and the 2-1/8 inch diameter 6061-T6 aluminum rod
they used was rertificd to meet Mil-QQ-A-225/8 by Hubbell
Metals, Inc. and Industrial Testing Laborztories, Inc. The
following c¢ata apply tc the cavity liners manufactured under

this contsact.

Material Chemistry

33 Fo Cu Mn Mg Cr
Min, lox. Max. Min., Max., Max. Min. Max. Min. Max.

N .8 I .15 4 .15 .8 1,2 .%4 .35

Zn Ti Other
Max. Max. Fach Max, Total Max. Al
.25 .15 .05 .15 Remainder
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Mechanical Properties

Specification Actual
T % Area Reduction — 42.3
) Yield Strength (psi) 35,000 Min, 40,610
é e Tensile Strength (psi) 38,000 Min. 44,970
; - % Elongation in 2 Inches 10 Min, 16

P et g

o

These items were shipped separate from projectile bodies.

.- 1.2.4 Base Cover Plates

These were procured already blanked from Tempco Manufacturing
Co., Inc.

i AL e e G

Parts were blanked from .028+.006 inch thick cold
rolled cteel,

i
"

i

The vendor furnished a notarized statement that

the material met Mil-QQ-5-698. These were seam welded to the

projectile bases with a Thompson welder furnished by the
Government,

ey

i f‘ﬁr;m., e

1.3 Applicable Lrawings

A

1.3.1 Chamberlain-generated metal parts drawings for release to the

shops appear on Pages 5 through 7.
pr2sented on Page 8,

=

A
i (A

A process schematic is

T

Per terms of the contract projectile

bodies were inspected ultrasonically at destination. The
p y

final 3,800 bodies were inspected employing Government-
furnished gzpes
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2. DISCUSSION OF PROBLEMS

2.1 Chamberlain was not able to utilize all Government-furnished

. steel as efficiently as was anticipated. Approximately four
l; to five inches of each bar could not be utilized because of

) distortion of bar ends caused by the nick <nd break operation
3; performed by the Govermment's vendor. Thus, out of the initial
shipment of 22,870 pounds (54 bars), only 1,375 forging slugs
were grossed rather than the 1,500 anticipated. Another 200
ferge slugs were acquired by transferring steel residual to
Contract N00178-73-C-0373. The balance of material was re-

ceived as a mill order.

Ny
.
N

B y buring all cold édrawing cperations therc were abcut 3.57 re-
jects for cracked cans. Examination of the cracks revealed
in each instance a stringer or inclusion in the material as
shown by Photograph 10226 on the following page. In a mass
production situation this reject rate would be prohibitive,
meaning that extra precautions will have to be exercised over
material. The problem would not apply as readily to a hot

forge-hot drzw process -- only to a cold draw process such as

used during the progran.

Heat treating is a problem because the drawing specifies both
mechanical properties and a hardness range. The two are not
necessarily compatible, and one or the other should be eliminated
from the drawing. Chamberlain Reseavch and Development Division
personnel prefer to work to a range of mechanical properties,
with hardness as advisory only. Furthermore, for tais item,

the hardness range could be expanded to Rockwall “C" 26 to 36.
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PHOTO NO. 10226

VIEW OF BRCKEN COLD DRAWN 76MM/62 CAL. PROJECTILE BODY. DAR' AREA AT EDGE SHOWS
INCLUSION WHICH PRECIPITATED THE BREAK.
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At the lower range, nose threads could be vappad rather than

single point threaded. We realize that fragmentation charac-

teristics may enter into consideration, and on that basis we

do not make this a firm recommendatiocn. However, the indica-

tion on the drawing should be te heat treat tc either the

mechanical properties or the hardness range.

Band seat machining proved troublesome because a special,
rather expensive form tool had to be procured and there wes

a leng clapsed lead tiwe prior to receint of the tool. The

dovetail band seat undercut was split off from the grooving
operation only because of equipment limitations at the cime

these projectiles were produced. Given larger quantities,

Company cngincers wculd rather add the vndercut in the same

chucking as groove cutting. The rather high ribs in the band

seat were especially troublesome “to knurl with standard shell

knurling equipment and tooling. The 0.D. of several setup

bodiec collapsed from tool pressure imposed by the rollers

when the operator attempted to get a completely defined knurl

to the bottom of each rib. A ccmpletely defined knurl was

attained by knurling only 50% of the seat in a single pass.

In this manner, pressure was reduced, but the operation took

twice as long. The two-pass knurl met the print.

There was some divergent interpretation of the 1.850-.100

length for the nose thread. Company process engineers inter-

preted this as perfect thread length. Navy Quality Assurance

personnel interpreted that the thread must proceed through the

nose bore and tail off in the HE cavity. In order to do the

latter, it was necessary to insert a hospital backbore operation

-11-
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to trim excess material behind the thread., This was neces-

saty because the existing Cri-Dan B single point thread lathe
does not have sufficient stroke to pass through the entire

nose area using the cam presently installed on the machine.
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3. RESULTS

€es

Several schedule modifications were processed during the

course of the contract, reflecting

raterial delivery adjust-

ments. Tabuluted belcw are shipments made on the contract.
Contract
Line Date
Item Description Quantity Shipped
0001 Projectile Rody 07609- 735 3 Dec 73
407250 Rev. B
138 11 Jaan 74
198 11 Jan 74
80> 21 May 74
129 17 Jun 74
1,347 15 Jul 74
1,078 19 Jul 74
1 Haad 7
Carried 25 Jul 74
1,174 29 Jul 74
133 29 Jul 74
0002 Projectile Body 07609- 250 17 Dec 73
41005-1%
ono3 Base Plugz 075609-408%0 250 17 Bes 73
0004 Cavity Liners 07609- 951 17 Dec 73
40727 Rev, B 1,049 26 Apr 74

* Reworked Due to Damage During Init{ial
Shipment,

-13-
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Scrap Rates

The aforemen}ieued 3.5% reject rate in the cold drawing opera-
tions was attributed primarily to material inclusions. The
Company cut 5,800 forge sluzs and shipped 5,239 projectile
bodies (including Puff rounds) for a dropout rate of 561
bodies, or 9%. This is not out-of-line when using non-
production equipment, Moast of the equipment available is

the multi-purpose, free setup type. Parts generally are lost
in setup, from operator error, and from usage of temporary
tooling which does not have the tolerancing or the wear quali-
ties of permanent tooling. In the production situation, per-
manent tooling is placed in single-purpose equipment and the

operator factor is reduced to a minimum,

The major areas of dropout were as follows:

-

i.D. to 0.D. concentricity out more than .026 inch
(50 pieces)

Undersize bourrelet diamcter
Undersize boattail datum diemeter
Oversizc nose thread

Undersize band secat &;ameter

Parts burned severely in setup of base cover welder

On the latter item it was determined that the base cover

welder control was at fault and it was repaired.

The nose threads were Class 1I. Those rejected passed a
Class 1 gage. Tool wear had a bearing on whether threads

wculd meet Class 1I requirements or not.

~14-
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Production Estimates

Because of materials and labor price escalatious since the
preceding contract, the cost per item in production 2lso has
escalated, Using 9260 steel, at a rate of 10,000 to 20,000
per month via the hot cup-cold draw process, the following

applies per projectile metal parts set:
$18 to $20 per unit

The above is a low monthly production rate price, ané would
decrease if quantities increased and multi-year procurements
were instituted., The price would not apply on an imitial
procurement where tooling, gages, and ancillary equipment

must be procured, and a learning curve must be compleced

-15-
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4, CONCLUS i0HS

When processing the 76-mm/62 Caliber Proujectile from 92€0
steel by the hot cup-cold draw process, =m feria: inclusions
and other imperfections in the baric bar present a problem.
Almost certainly ii an imperfection is present the part will
crack during a cold drawing opcration. Chzmberlain has »o
means of knowing whether the bulk of steel furni “wwd for che
contract was procured to a specified meximum inclusion rate,

or whether only normal commercial specifications applied.

Bar ends upsct and deformed by the nick-and-orcak method pre-
vented optimum usage of all available steel for the first 1,500
fcrge slugs. Any attempt io use a deformed forge slug would
have preseated preblems in coentering in the die, sbnormal

grain filew in the forged part, a rise in cold drawn cracked
bodies, and inconsistent mechaniéa} properties within Iandivi-
dual projectile bodies. Sawed bars ¢id not preseant these

problems.

<16~
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5. RECOMMENDATIONS

Revise the drawings to eliminate the hardness requirement,
and stipulate that bodies should be heat treated to a rang
of mechanical properties, or vice-versa, whichever is mecre
compatible with ballistic performance. 1f mechanical prop

ties are stipulated, hardness should be advisory.

To ease manufacturing and tooling costs, the band seat con

figuration should be reviscd to a standard United States s

Clarify on the drawings that the nose thread should go all

the way th.oough to preciude ambivalent interpretatioms.

Rednge the 10CT hydrostatic pressure test requirement to &
AQL requirement. Chamberlain never has had a leaker by th

hot cup-cold draw process, .

Consider investigation of the hot forge-hot draw process a
a meers of overcoming cracking induced by material inclusi
Otherwise, specifications for 9260 steel will have to be

rather restrictive -- a situation which would increase the

production cost of the projectile.
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