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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

Low Cost and Agile Manufacturing of Firearms

Report No. 300-695-301

December 12, 1997

EXECUTIVE SUMMARY

Under contract with Remington Arms Company, Inc., Machining Xcellence™ Division of the

Institute of Advanced Manufacturing Sciences, Inc. (IAMS) conducted a technical search f%i,r

selecting cost-effective candidate processes for agile manufacturing of firearm componmits undet
M/710 program. [AMS’ Machining Xcellence Division partnered with the EngmeenngiiResearch
Center for Net Shape Manufacturing (ERC/NSM) at the Ohio § y,é" Uan&‘ESlty

Columbus, Ohio for this investigation. ERC/NSM has been Londuqtmg é{atract ré;,.earéh for ové%:' -

eleven years in manufacturmg of dlscrete parts to net oL, near-ne.t dlmeﬁ ions b}is w&i’y of die-

This investigation began during a
November 3, 1997.

11 e};s (one from TAMS and another from ERC/N SM) visited the Remington Arms

24 igwdd the project and program objectives, and held discussions with the

haniéal properties of individual part. The engineers’ objectives were:

; ;*._ compan assbmateq ‘about major components and subsystems of the gun and the required physical
§§§, a.nd mé%

to conduct a technical search for varivus manulacturing processes which will lower the
manufacturing costs than the current product. The target is 30% lower production cost,

. to recommend candidate processes for a ‘build to order’ production technology rather than
“build to stock’. The production volume will range from 25,000 to 250,000 units annually.

CONCLUSIONS

The objectives of this project have conflicting goals. The present technology for building rifles
has been fine-tuned through long experience and competitive pressures. Lower costs tend to
favor mass production technologies. To achieve 30% cost reduction, we may have to forgo more
agile “build to order” methods.
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Institute of Advanced 1111 Edison Drive

7
~ i ) Cincinnati, Ohio 45216-2265
(\% Manufacturmg Sciences, Inc. TEL. (513) 948-2000

Fax (513) 948-2109

02/27/98

Mr. James W. Ronkainen,

Project Manager

Remington Arms Company, Inc.

Research and Technology Development Center
315 West Ring Road, Elizabethtown, KY 42701

Dear Jim,

Manufacturing of Firearms”. This state-of-the-art pepds P pr

selective manufacturing processes for low cost apd aglle anii

This completes the deliverable for Phase 2, We: OPt o

you need in the most acce531ble format’ pdééiblg. ¢ [

opportunities whgre AMSRE eng;meq ¥ help in providing technical solutions and
recommendatlons ’to Hﬁ@ﬁ?\e the? proéﬁttmty and enhance the competitiveness of business

g, ﬁf you hafve any furﬂr\ér cc{mments or questions, please contact me at (513) 948-2004 or Mike
2 é-‘mn (51 948-2024

\gt
anks and kind regards,

Sincerely yours,

,/%%MM

Anil K. Srivastava
Machining Technology Engineer, Cutting Technology
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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

RECOMMENDED MANUFACTURING PROCESSES FOR LOW COST AND AGILE
MANUFACTURING OF FIREARM COMPONENTS:

The following recommendations of manufacturing processes for robust, low cost and agile
manufacturing of firearm components are made:

1. The gun-stock, as the most expensive sub-assembly, should be the primary subject of
attention. Other similar operations traditionally use lots of manual labor. It is possible to
replace that labor with modern CNC equipment that is custom built. JAMS’/(ERC/NSM)’s
engineers need to review the present manufacturing methods before they can come up with
any suggestions for modifying the existing process. If the cost of manufacturing gun stock is
reduced by 1/3°rd, the goal of 30% overall cost reduction will also be fulfilled the sagne tm’fév

employing this manufacturing process The receiver could bé: redeméﬁ_ed for t;;anu§acture by
semi-solid formmg (SSF) technology High-sp ed -midghining’ '

otz

ils recoﬁ&mendeé@io’ minimize

4. Remington A«rm§ ompe%ny eprc 1§ alregd?y employing powder metal technology and should
contlg‘ to us& thé’gwﬁrmore@{ ostﬁfectwe ways, if possible.

: _ Axﬂas Cgi,mpany, Inc is presently employing conventional machining. It is
recommended “thiat high speed machining (HSM) should be potentially applied to all

mac%iined components.
A

. ssembly technology seems to play an important role in reducing the overall cost of M/710
Rifle Program.

7. Investment casting is, probably, too slow and the resulting product may not be strong enough.

8. Technical search has shown ECM to be an economical candidate process for manufacturing
firearm components. However, ECM does not seem to be cost-effective. This manufacturing

process also seems to be too slow.

9. The design changes will be needed if the suggested new processes are to be implemented.
Thus, the in-depth cost analysis of selected new processes will require more time and input
from associate staff.-
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INTRODUCTION

Remington Arms Company, Inc.’s research and development division located in Elizabethtown,
Kentucky is involved in designing various gun and rifle parts which are manufactured and finally
assembled in Remington Arms Company, Inc., New York division. The company has started a
new M/710 Rifle Program for the year 1998. During our visit to the company, we learned during
our discussions with Remington Arms Company, Inc.‘s associates, specially, with Mr. Jim
Ronkainen that the company is looking for emerging technologies and robust processes for agile
manufacturing for a ‘build to order’ production system for production volumes from 25,000 to
250,000 units annually. The emphasis is on the selection of processes which will reduce the
overall manufacturing costs by thirty percent.

IAMS’ and ERC/NSM’s engineers have conducted a technical search. This report presents +the

candidate processes for cost-effective manufacturing of firearm components and al$§) \r0v1d‘es
recommendations for candidate manufacturing processes for low cost and gl &manufactu] g Gf , 83 )

firearm components.

1. Investment Castings:

companies injection mold ’p?ecfﬁ% and,xeproduglbl@'yym Or plastlc patterns in machined injection
Tfito shell m' so[:d moLdS of modern ceramics into which a wide range of

S

molds to be invested i

alloys can be caést f@;;,:gﬁl%

by [1]:
¥ A _nohng of manufacture

i e ‘ﬁ%ﬁcacy,

; »  avoids expensive assemblies of inexpensive sub-components,

achieves close tolerances and fine finishes inexpensively,

cmploys less expensive tooling than die casting,

allows inexpensive changes of design and alloy,

permits near or full net shape as-cast,

quicker, from part inception to production; typically ten weeks,

quality of components,

fully dense structure affords full mechanical properties , unlike porous powder

metal,

process is capable of providing tolerances of 0.005 inch/inch or beiter, and 125

RMS.

fa c:gwe Pof precision parts. The investment castings are

o
%
e e

G G A N = .
FiEa
i
3t
.

The companies are employing the most modern of manufacturing and high tech methods to
constantly improve the quality and economy of their output of investment cast components. High
tech is being applied to simplify and speed the transfer of engineering data and to rapid prototype
castings or injection molds. Modern CNC equipment is able to produce higher quality injection
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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

molds in less time. In-house advanced processes can produce even higher quality, lighter,
stronger, and thinner castings than ever before.

2. Powder/Metal Injection Molding:

Components made from wrought or cast materials usually require multiple secondary finishing
operations which increase the manufacturing cost. Powder injection molding (PIM) is a cost
effective process for complex shape manufacturing metal components that climinates secondary
operations by combining the net shape and mass production features of plastic injection molding
and the efficient material utilization of powder metallurgy. Very fine metal powder, combined
with binder material, is injected into a die. Part is ejected, the binder is melted or dissolved, and
vacuum sintered, resulting in a part 94-99% of theoretical density. Primarily ferrous a

' molded.

. a
.....

Powder injection molding is an established, growing technology and is most"widgly usgd forthigh'
volume production of small size parts. PIM has not been used extensivély for latger pafts duefn
part to the need for process simulation tools relating to mold ci‘gslgn %)e toler’%’gmce'égof 0.003
inch/inch or better can be achieved with a surface finish of45 ?I_{MS%LiterziEége scarch réveals that
parts in a quantity 10,000 and up can be produged‘tising this teéhnology withia normal lead time
of 4-6 weeks. PIM is a highly economicgl procéss for mrass productiviiof parts that are difficult to
giude’ of thé“PIM molding processes for small

form or machine by conventional..n
2

component production: .
o:, ifigreaseseffiigncyi, -
 redhiged ‘manufiéturifip’ defects, and
pr%?'es cost effectiveness.

s

* . s ¥ o K
The Powder Métal Process:

— g

JEE
=3,

i

2 :‘fEF
o

s :
i ‘%digggﬁeliletallurgy is the process whereby metal parts in large quantities can be made by
' compressing and sintering various powdered metals such as brass, bronze, aluminum, stainless
steel, and iron. Compressing of the metal powder into the part to be made is done using accurately
formed dies and punches in special types of hydraulic or mechanical presses. The ‘green’
compressed pieces are then sintered in an atmosphere controlled furnace at high temperatures,
causing the metal powder particles to be bonded together metallurgically. A subsequent sizing or
coining operation and supplementary heat treatments may be employed. The physical properties of
the final product are comparable to those of cast or wrought products of the same composition, if
the parts are processed to provide high density. A lower density will result in lower physical

properties. The advantages of powder metallurgy are [2]:

parts requiring irregular curves, eccentric, radial projections, or recesses often can
be produced only by powder metallurgy,

e parts that require irregular holes, key ways, flat sides, splines or square holes that
are not easily machined, can usually be made by this process,
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¢ tapers and counter bores are easily produced,

» axial projections can be formed but the permissible size depends on if the powder
will flow into the die recesses,

* slots grooves, blind holes, and recesses of varied depth are also obtainable,

o the process provides close dimensional tolerances, minimal machining, good
surface finish, and excellent part to part reproducibility for moderate to high
volume part production.

The limiting factors in the powder metal processes are:

» features should be avoided that result in tooling with thin sections or sharp inside
corners,

* multiple axial projections result in complex tooling and there are 11m1tat1;gns on iﬁe
number which can be formed, -

4. Forging and Forming:

as long lEﬁg&;en_gsed tQ.f,snsuxe strength, toughness, reliability,
ty of ﬂtodueﬂs'“roday, these characteristics assume even

The process of hot working mejals
and the highest quahtymﬁ wwfe
greater xmportange a

o

perat%ng T@mpqratur :_,rloads and stresses increase, and as reliability and
toughness‘becom&' mdi‘g,’pﬁcncal “The iﬁﬁbduots are being designed with forged components that
Hi thc hl:ghcst possrble loads and stresses. Recent advances in forging technology

x)f peeviously “unforgeable” materials have greatly increased the range of
eidin forgmgs Economlcally, forged products are becommg even more

The manufacture of forged products is fundamentally a process of forming metal, under impact or
pressure, to economically produce a desired shape with improved mechanical properties. Metallic
components can be forged and formed to a required shape. The particular forging method and
equipment used in a given instance is dependent on factors such as the quantity of parts to be
produced, the characteristics of the material, and the configuration to be forged. Forging, relative
to other metal working processes, results in metallurgically sound, uniform, and stable products
that will have optimum properties as operating components after processing and assembly. This
process is the fine blend of art and science, requiring many critical decisions far in advance of
production. Some of the important factors which are to be considered to reduce the forging costs
are:

e part configuration and tolerances of the forged product,
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material and forging stock selection,
applicable specifications,

weight of the forged part,

quantity to be produced,
mechanical properties, and

design of the forging dies.

Literature search reveals that powder forging (P/F) may be a practical manufacturing technology
for firearm component production [3]. The technical and economic feasibility of manufacturing
thirty small-caliber weapon components by powder forging has been addressed in the literature
and several components were identified as promising candidate. Literature search also reveals
that radial forging of tubes with compound angle dies and precision rotary forging may also beia
candidate process for cost-effective gun barrel manufacturing [4, 5]. . i

5. Die Casting — Semi-Solid Forming (SSF):

Most metal parts are manufactured by either fully liquid (e.g: castlng} or fu};

]

forging) processes Semi-Solid Forming (SSF) 1nc0rp9rat§§ ]emen’ts of boﬁn castm§ aﬁd forglng

electromechanical stirring durin ai’loy soh(ﬁﬁc ion at. a;coﬁtrolled rate, or from fine grained
materials produced by. ngiier metaﬂnrgy or &‘E)rayw fom‘ung methods. This feedstock, usually, in
billet form, is then hc;ated to 9 temper&mre bgtv‘aveen its solidus and liquidus and formed in dies to

make ne et—sh&;)e p@m;

;? %ed hy SSF haye higher structural integrity than castings, yet can be produced at lower
7 2% cost th 4 forgmgs ke SSF process is capable of producing parts which are essentially free of
i f,,-< porosnty‘@ssomated with conventional high pressure die casting. SSF parts, therefore, can be heat-

iﬁr@ate@ 0 develop property levels similar to those of permanent mold castings, but at lower cost.
Ini‘cSmparison to forgings and parts machined from wioughi producis, properiies are equivalent,

but costs are lower since fewer manufacturing steps are required.

T 0
e

The applications of this process are still limitcd for a variety of reasons, including sparse
availability and limited selection of feedstock, lack of material property and process
specifications, and lack of appropriate process models. As with any new technology, the
implementation of SSF as an accepted industrial process is hindered by the risks involved in
purchasing equipment, training personnel, and properly applying the technology.

6. Conventional/High Speed Machining:

Conventional Machining represents a significant segment of the total cost of gun components
production. In general, the conventional machining methods for manufacturing gun parts seem to
be uneconomical. Abrasive machining processes such as grinding (stock removal operation) can
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be more economically performed than the more conventional means of turning or milling. The
two largest fields for abrasive machining are the production of flat surfaces and form grinding
from the solids forging, bar stock or hollow cylindrical items.

It seems worth while to replace conventional machining through high speed machining
technology for machining component at faster rates. The process can reduce machining times by
up to 50% with overall improved performance.

6. Electrochemical Machining:

The technical search reveals that a research program was conducted to advance high performance
gun barrel technology by developing an electrochemical machining process for rifling high
performance barrel liner materials [6]. A total of fifteen electrolytes and numergus
electrochemlcal machrmng parameters were evaluated in conducting electugchemlea‘l

.....

VM-103, CG-27, and alloy 718) were selected for electrochemrcal.‘ ﬁing and iabrlcatién mlp
caliber 220 Swift barrel liners. The rifle liners were insulated extar:nally ahfd asserﬂgledr:mto outer

barrel jackets using a drawmg process, thus producmg,msﬂ“ﬁlﬁ;(_i composrte test barr@ls ‘A total of
L 'k

and Pyromet X-15) were fabricated. The results of th;s pregram
machrmng is a feasrble process f & dﬁtammg“ hrgh quahﬁy and low cost rifling, and that

Thg hteraﬁm earch reVeals that e[ectrrc discharge machining has not been used in the past for
*"gun apuﬁ?t gge}chngzﬂogy Also, it does not seem to be an economical candidate process for
3.'.* rifle conipo' '\nts mﬁrﬁifacturmg
5 i$ -

Ass mblv Techno]ogles

T

In today's competitive marketplace, the traditional, sequential approach to product development
simply can't keep pace. To ensure products assemble and work the first time, manufacturers
recognize the need to fully integrate design and manufacturing activities early in the development
process. Assembly technology is aimed at the set-up, control, and monitoring of assembly
systems and related problems.

At present, this technology is being extensively used in electronic and packaging industries.
However, assembly technology is constantly being developed, refined and researched to provide
the most cost-effective and efficient solutions to all the manufacturing problems. Driven by
incrcasing demands for better quality, faster production and minimum running costs, innovations
are constantly being devised, tested and deployed throughout the manufacturing world. The
designers can easily evaluate and modify multiple iterations throughout the design process,
resulting in shorter manufacturing cycles, accelerating time-to-market, and sharpening the
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company's competitive edge. Using assembly technology approach, full integration of all
component and system technologies to form a self-contained system capable of process control,
configuration management, rapid product changeover, etc. is possible in the plant thus, reducing
costs.

PRODUCT COMPONENTS AND THEIR COST

The M/710 consists of the following components together with their portion of the overall cost of
the product.

Stock 35.9% of the cost
Barrel & Receiver assembly 25.4% of the cost
Bolt assembly 14.5% of the cost
Magazine 9.0% of the cost
Trigger assembly

Miscellaneous components

GUN-STOCK !
The gun- stock is the most expensive compey et of thé

and fitting. The traditional matenal45“wélnui

walnut, eastern black walnut, ind diher walni ]

ring. Some other stog:lg.woods u’is;;lude;myrtle wood;*-m ple and madrone. The cost may vary with

different type and gf&de Ofaf gumstoeig o@rds selected. Tt will be appropnate for IAMS’ and
f Ly

%}F most éi’ thé&cost of a walnut gun-stock is the raw material; there may not be much that can be
Efeme t¢'reduce the cost. The injection molded synthetic stock is known to be much less costly

% than walnut; however, it may not be as salable as the guns with traditional walnut stock.

BARREL AND RECEIVER ASSEMBLY

Barrel:

The barrel is the longest lead-time item, taking approximately six weeks. It is rotary forged,
including the rifling. To our knowledge this is the best method for manufacturing gun barrels. It
certainly adds value and quality to the product. In one study, new and cfficient metal-shaping
procedures for the fabrication of gun barrels were evaluated [7]. The materials considered were
Inconel 718, Vasco-Jet M-A(CVM), and a cobalt-base alloy in powder form. Gun drilling, ECM
stem drilling, hot piercing and extrusion, and filled-billet extrusion were evaluated for tube
fabrication before subsequent precision rotary swaging of the rifling. Gun drilling of these alloys
was the most economical tube fabrication procedure. The filled-billet technique is most amenable
to consolidation-tube fabrication from powdered alloys. Precision rotary-swaging was evaluated
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for rifling the tubes and for determining the feasibility of combined rifling and chambering during
swaging. In another study [8], hot extrusion/cold swaging production sequence has also been
employed in barrel manufacture.

Receiver Assembly:

The receiver is a part machined from steel bar stock with an ultimate tensile strength of 180-ksi.
This part has a large number of machined features that are critical to the operation of the rifle.
Machining operations include drilling, milling and broaching. The 180-ksi strength is only
needed ai the barrel end of this component. If the receiver can be redesigned at the barrel end;
then, it may be possible to eliminate a large portion of the time consuming machining operations
on this part by replacing it with a “Semi Solid Formed (SSF)” component. As mentioned earlier,
SSF is a die-casting technique that is used to replace aluminum forgings in automotive
applications. Typically an SSF part will have approximately 85% of the strength of an 1dennq;|l
forgmg The advantage of the SSF part over forging is that it can be net shape or nearﬁxﬁ

insert possibly press fit into an aluminum body

BOLT ASSEMBLY

need to be steel; however, it may be
component. '

MAGAZINE )
The magazme 1S,a s'

anﬁ ‘a few die cast components. It may be possible to
p“i%ée 1nject10n molding. It is difficult to foresce that there

iu-‘ The tng!ébr assembly consists of powder metal and stamped/blanked parts. The trigger guard is
e casjéralummum This is the least costly portion of the product.

CONCLUSIONS

The gun-stock, as the most expensive sub-assembly, should be the primary subject of attention.
We need to review the present manufacturing methods before we can come up with any
suggestions. If we can reduce the cost of a gun-stock by 1/3’1d, we will be well on our way to
achieving our goal of thirty percent (30%) overall cost reduction.

The second most expensive item is the barrel/receiver assembly. We suggest leaving the barrel
alone; however, the receiver could be redesigned for manufacture by SSF technology. We should
consider High-Speed Machining methods in order to minimize the cost of machining the SSF
receiver.

The bolt assembly is the third most expensive component. We may be able to gain a few
percentage points by semi-solid forming the bolt, integral with the handle.
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APPENDIX - 1

REMINGTON ARMS COMPANY, INC. ASSOCIATES:

¢ Jim Ronkainen
William James
Marlin Jiranek, I1
Derek Watkins
Dave Findlay

TAMS/(ERC/NSM) Engineers:
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7 . <L i 1111 Edison Drive
/@?\ Institute of {\dvan_ced . . Cincinnati, Ohio 45216-2265

December 15; 1997
Mr. James W. RonKainen, =@ ' »
Project Manager :
Remington Arms Company, Inc.
Research and Technology Development Center
315 West Ring Road, Elizabethtown, KY 42701

Dear Jim,

I am sure that you have received the complete report for the project,
Manufactw ing of Fxrearms by now. The i mv01ce for Phase I of the prgg

R
e any furﬂwr comiments or questions, please contact me at {513) 948-2004 or Mike
‘*"%an (5; ) 948-2024.

A ain, I wish you a Very Happy Christmas and Prusoeians New Year, 1998.
> y 3 XD

With thanks and kind regards,

Sincerely yours,

4
Anil K. Srivastava
Machining Technology Engineer, Cutting Technology
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1111 Edison Drive

Institute of Advanced 111 on Dr
45216-2265

Manufacturing Sciences, Inc. ° _ %1;;3;#9?8}:12%00

An Ednson Technology Center : S ' Fax ( 513) 948.9109

March 24, 1998 -

Mr. James W. Ronkainen

Project Manager

Remington Arms Company, Inc.

Research and Technology Development Center
315 West Ring Road, Elizabethtown, KY 42701

Dear Jim,

Now, you have received the final report for phase 2 of the proj ec;, HAMe !
Manufacturmg of Flrearms Also I have sent to you th,;ec comx{)any aﬁdresses?wh@h may be
ini-solid, forgmg/ formmg

it
Anil Kumar Srivastava, Ph.D.
Machining Technology Engineer, Cutting Technology
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