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Institute of Advanced nnats, Ohi
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- @ Manu{actumg Sciences, Inc, TEL. (513) 948-2000
8 / An Edison Technology Center Fax {513) 948-2109

December 12,.1997

Mr. James W, Ronkainen,

Project Manager

Remington Arms Company, Inc.

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

Dear Jim, ' i,
.,;

I am sending you two copies of our final report for the project, “Low, Cost;iahd Agx& 53
Manufacturing of Firearms”. This state-of-the-art report provides recomgae%daaons for scT V‘!i‘

manufacturing processes for low cost and agile manufactunng Qf"ﬁtgarm c{ampo
completes the deliverable for Phase I and Phase 2. We hope’ ?&igat mlggcpon jr; vﬁes all the
information you need in the most accessible format ppssnﬁg Wc Wcloomzfélnur col Efam’énts.

J\l xr*

An invoice (Invoice # 011739) with an amoum, of $10 ()00 00 foﬁ@me 1 ]S enclosed here. The

inveice for Phase 2 for $8000.00 fo!}sv'fs % q Shit® a.,.t

: Remington Anms Comgﬂn%/ Iii; %psmcsdqs w@rorfant to us and we believe that therc are
- opportunitics wé;créx IA.M,E chgmgms n;my help in providing technical solutions and

. «f;{

EERWEL)

rccomm;ndanonb‘lto Wovc the, prcﬂircu\nty and enhance the competitiveness of business
_,Efé ices 1;{ antmy N :
-z

‘I. -"?2 --

L}
e ;;f If you E’qv&*uny fffﬁther comments or qucsttons please contact me at (513) 948-2004 or Mike
F0 4 Fion (sgi) 948 2024.

u”r'

%{ g I wmh you a Very Happy Christinas and Prosperous New Year, 1398.
Ryt _
With thanks and kind regards,
Sincerely yours, TRy
{  PLAINTIFF'S

Hintta ly EXHIBIT

u.("".‘

Anil K. Srivastava 3'8
Muchining Technology Engincer, Cutting Technology .
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: E Report No. 300-695-301

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

"Low Cost aiid Agile Manufacturing of Firearms

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’d
selecting cost-effective candidate processes for agile manufacturing of firearm LompOiﬁ;ptS Uﬂ {
M/710 program. IAMS’ Machining Xcellence Division partnered with the gnggneemig Regearc
Center for Net Shape Manufacturing (ERC/NSM) at the Ohio St}tﬂ ’Um?;;rsnyh _(Q,Slﬂ'};lf}}.s

E Columbus, Ohio for this investigation. ERC/NSM has been conducﬁng mptract seari:;ﬁ for o¥r”
eleven years in manufacturing of discreté parts to net o nearurff:t chmc;usnons wgiy of die-
i casting, polymer processing, sheet and billet fon’mng,,.. i Lj‘ K
This investigation began durmg a p]amyag(xang th;t‘i&:ﬂﬂ:igton %ﬁns Company, Inc., KY on
E November 3, 1997.
Y ’g;,
P H?L( S f.

n OBJECTIVESF mE Wldﬂ’RGﬁW

33 3N

HEESe

Adeam o}};‘t?ﬁ"g;neerg (onja. from IAMS and another from ERC/NSM) visited the Remington Arms

E ?Jompmly 3}’;0 x‘k}Jﬁgwc& the project and program objectives, and held discussions with the

e "i* companfﬁ'\asgecmes Fhout major components and oubsystems ol the gun and the required physical
e ﬁ}ind me il properties of individual part The engineers’ ohjectives were:

;g - e >2."
% 13 4§ °  toconduct a technical search for various manufacturing processes which will lower the
E-ﬁ%ﬁ-{:ﬁ?? 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.

E 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.

! Institute of Advanced Manufacturing Sciences, Inc. Page 1

®

Py
\-L{"

15

ET00352

Confidential - Subject to Protectlve Order



ey
3,
S

-
33
i

m;‘i U
o "}
E :
i
yy
RE
K} Sy
VRIS

< I o o g

4. Remington A,rmsnﬂomp,gny, lnc ';s alreaﬁy cmp]oymg powder metal technology and should

R L T,
i ) Z""}{%mmﬁtod“*
r

Low Cost and Agile Manufacturing of Fircarms Report number 300-6954501

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 §ﬁ.me hmﬁ

manufactured by radial forging. Remington Arrns Companyé ‘irie: is, pmbabzy"'-"alreak}y*
employing this manufacturing process. The receiver could bt‘x‘gedes@@ed for anygfacture by
semi-solid forming (SSF) technology. High- spee,d mﬁ?;mngqs rccoriamend ;18" minimize
the cost ofmachmmg the SSF recetver. G ’k S T

3. The bolt assembly is the third mpst Ex‘pﬂ%s co‘mponem« The company may be able to gain
a few percentage pomtskby“:,emwohd forﬁun the bplti mtcgral with the handle. @
g "Ef "/§. oA
]

contmue to udf th§§> morergpsmffectwe ways, if possible.
s

e "ﬁk

e M’;Q: Q;émpany, Inc. is presently employing conventional machining. It is
Iecqmmended e high speed machining (HSM) should be potentially applied to all
maﬂgﬁneémomponents
T L
“Assembly techinnlugy scems tu play an impurant rofe 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,

Institute of Advanced Manufacturing Sciences, Inc. Page 2
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. Ronkainen that the company is looking for emerging technologies and robust processes for agile
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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

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

manufacturing for a ‘build to order’ production system for production volumes from 25,000 to
250,000 units anoually. 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 repon pr‘&slcms Hé:e
candidate processes for cost-effective manufacturing of firearm components gnd alsto’“provndes 83

NS

recommendations for candidate manufacturing processes for low cost an‘g*aglleﬁ{ganuf’ac ]

ENBNSGLE - STt

firearm components. L a;vhn L T Ry Y
B
A
‘:-,S-:é P

1. Tovestment Castings:

In general, investment casting uses a mold tha@las begn, pmduccd‘b&mouﬁdmg an expandable
pattern with a refractory slurry that‘sets i, oéh;,.fémperamm The pattern (usually of wax or
plastic) is then melted or, bﬂgne “out, leavimgw sthe gn(x!d cavity. Today, investment casting @
companies injection mg]iirprectse an&reprod&mblﬁmx or plastic patterns in machined injection
molds to be mvpste&smto slgell ‘e SO 3d mq{ﬁs of modemn ceramics inte which a wide range of
alloys can. be dast* & 2 mmpfa’bﬁﬁe of precision parts. The investment caslings are
g:haractcp%s_%y tggl 1
e, &;ono@py of manufacture,
mb‘xcacy,
avoids expensive assemblies of inexpensive sub-components,
achieves close tolerances and fine finishes inexpensively,
craploys less expensive fouling than die casting,
= allows inexpensive changes of design and alloy,
» permits near or full net shape as-cast,
e quicker, from part inception to production; typically ten weeks,
¢ quality of components,
e fully dense structure affords full mechanical properties , unlike porous powder
metal,
e process is capable of providing tolerances of 0.005 inch/inch or better, and 125

RMS.

oE

3

-
yfd

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. Modem CNC equipment is able to produce higher quality injection @

Institute of Advanced Manufacturing Sciences, Inc. Page 3
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' E Low Cast 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 eliminates secondary
operations by combining the net shape and mass production features of plastic injection molding
and the efficient material ntilization 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 alloys,z are

molded. . 5 ..'_{q,.
Powder injection molding is an established, growing technology and is mq,sbw?ﬂely usr:d fathxghi« ;[,'tﬂ
volume production of small size parts. PIM has not been used extcn;L&%:@' for l er Mdﬂgﬁn‘;‘
part to the need for process simulation tools relating to mold°E stgn. ﬁ’he tolex}mcg of 0.0
inch/inch or better can be achieved with a surface ﬁmsh dfgij EL thcrﬁ&]re semﬁh réveals that

parts in a quantity 10,000 and up can be producpéwmg ti&é’feeghnology V}IEh a normal Jead time

of 4-6 weeks. PIM is a highly economical process for I moss produ of parts that are difficult to

form or machine by conventxonal ,miﬂ}mﬂsk Th‘yg,;ize‘ of the PIM moldmg processes for small

-
2SR

component production: 5 qr-;__ ”' :
° redgcpscomponcnt waxght\. i;}ﬁ}’ :
J %, u;;;reascs efﬁgxncg‘ s "
')p rel?pgﬁﬁ‘ﬁlanufécmﬁﬁg cfé:fects and

“”"-5‘,_;,,_ . r*xmpmves cost effectiveness.

. ,\,5 The&’ov&%{i_er ﬁam Process

A P

Q%’:syde;‘v ctallurgy is the process whereby metal parts in large quantities can be made by
;f ompTessmg and sintering varivus powdered metals such as brass, bronze, aluminum, stainless
i¥ 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 fumnace at high temperatures,
causing the metal powder particles to be bonded together metallurgically. A subsequent sizing or
E 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 rcsult in lower physical
properties. The advantages of powder metallurgy are [2]:

e parts requiring irregular curves, eccentric, radial projections, or recesses ofien can
be produced only by powder metallurpy,

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,

ﬁ Institute of Advanced Manufacturing Sciences, Inc. Page 4
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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

o tapers and counter bores are easily produced, 's
H » 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,
« the process provides close dimensional tolerances, minimal machining, good
surface finish, and excellent part to part reproducibility for moderate to high

E 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,
e multiple-axial projections result in complex tooling and there are hmJtau;{ns on tﬁ;:
number which can be formed, J‘l' O
« undercuts, cross holes and re-entrant angles cannot be moldq.ﬁ aﬂé therefo Prpustdh %
E ' be machined after sintering, -
o tolerances in diameter usually cannot be held closeg;

in lenpth are limited to 0.005 inch.

4. Forging and Forming; Y

The process of hot workmg has ]ong E eri; pscd }Qaansum strengih, toughness, reliability,
and the highest qua nx,p; 3 wi vaﬂcty of &odu@ #Today, these characteristics assume even
greater importange asypemgglg t&mpe;;aturcsﬁoads and stresses increase, and as reliability and

mughnes bccome’}nox}pﬁcmal tEhe ;Biiﬁaucts are being designed with forged components that
acco 5 late t&c hrghcst possible loads and stresses. Recent advances in forging technology

1_q:ftsﬂcih ag,thé*rfofgl iof pg‘f;wously ‘unforgeable” materials have greatly increased the range of
,f propert\&'. zwa:lable"?n forgings. Economically, forged products are becoming even more

attractiv »jﬁf citise ‘of their inherent superior reliability, improved tolerance capabilities, and the
’hzghexw iciency with which forgings may be machined and further processed by automated

% métliods.

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 produets
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:

* part configuration and tolerances of the forged product,

Institute of Advanced Manufacturing Sciences, Inc. Page 5
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Low Cost and Agile Manufacturing of Firearms Report number 300-695-301

®

= material and forging stock selection,
o -applicable specifications,

» weight of the forged part,

* quantity to be produced,

» mechanical properties, and

’ desigxi 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 scarch also reveals
that radial forging of tubes with compound angle dies and precision rotary forging may also bea
candidate process for cost-effective gun barrel manufacturing [4, 5). 3

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

forging) processes. Semi-Solid Forming (SSF) mcorpor:i{@helemab!s of Bith casmjg and forging

for the manufacture of near-net-shape discrete, PR Tftf;;bft}cesﬁzcapltaslles on thixotropy, a

physical state wherein a solid material behavef,t like a, ﬂma whcrx;ﬁ:ﬁshear force is applied.. The

SSF process requires a non—dendnna-f‘eed?t@ck thcﬁ £an be} produced by applying mechanical or :
electromechanical stirring durmg Eﬂoy sohEhiﬁc’égon at.gm controlled rate, or from fine grained @
materials produced by :Pgwacr;pelzﬂhxrgy or rayMung methods. This feedstock, usually, in

J billet form, is thg;n hg.gued toa tempe pxrebg@wecn its solidus and liquidus and formed in dies to
f

E i.—v'-” B h
Most metal parts are manufactured by either fully liquid (eB% cas %) or ﬁjﬂy %E)hd (e g o

make nean—net-shqpe W‘i’ S 2 T

\-\J"' #
éfarf?i?rog;'t}ped‘h'y’s;ﬁ H@e higher structural integrity than castings, yet can be produced at lower
e 37 cost thih f&‘gmgs Phe SSF process 1s capable of producing parts which are essentially free of
gy 33} porosuy';’issomated with conventional high pressure die casting, SSF parts, therefore, can be heat-
Etrcatcgi develop property levels similar to those of permanent mold castings, but at lower cost.
:, D‘cbm arison to forgings and paris machined firm wmuuut roducis, pro triles are equiv ent,
3 Totbmp forgings and | hi ! prop guival

gi’mv £ ?" but costs are lower since fewer manufacturing steps are required.
£

1..-.‘

The applications of this process are still limiled for o vadety of reasops, 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 industial process is hindered by the risks involved in
purchasing equipment, training personnel, and properly applying ihe technology.

6. Conventional/High Speed Machining:

production. In general, the conventional machining methods for manufacturing gun parts seem to
be uneconomical. Abrasive machining processes such as grinding (steck removal operation) can @

s Conventional Machining represents a significant segment of the total cost of gun components
ﬁ Institute of Advanced Manufacturing Sciences, Inc. Page 6
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L8

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 Machiping:

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 fifieen electrolytes .and numergus
electrochemical machining parameters were evaluated in conducting electggchenné'q&l
machinability studies on iron-nickel-base, nickel base, and cobalt base sugcrallojﬁs‘ and OB 4
refractory alloys of columbium, molybdenum, tantalum, and tungsten_ Fifur ﬁaatcnals ([-g&%())SL e oy
VM-103, CG-27, and alloy 718) were selected for electrochemlcai"ﬁﬂfna andg“}hbncﬂﬁﬁn intp e .
caliber .220-Swift barrel liners. The rifle liners were insulated exfemally aiid assefmi’gafdjmto outer
barrel jackets using a drawing process, thus producmg, mSiiL@t;:d cbm;nosuéxest bariplsA total of
twelve test barrels representing the four liner nm.ténﬁls an‘a\hlf{zc M;Q(ct ma{gnals (H-11, A-286,
and Pyromet X-15) were fabricated, T}\e resutts of this prqgram "g@‘:cated that electrochemical
machining is a feasible proccss‘,fa? Obmmnﬁ*ﬂué}’l qual}iy and low cost rifling, and that :
" extrapolation of this process td“}e:gv:i cahbch"ﬁppez;rs ft:asfolc @

o _‘.‘N-lr-‘

e ,4;‘ & R

'tcra?uw—scaréh rwcﬂs that eiectnc dxscharge machining has not been used in the past for
4 gun ma;m g&chﬁ,&]ogy Also, it does not seem to be an economical candidate process for

,§* rifle co:é%poxicnts m?mhfacmnng

: ’ﬁ“:‘
. ﬂ~:Bﬁ,, A&?%e(mbly Technologies:

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 fally integrate design and manufacturing activities carly 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
increasing 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

‘ Institute of Advanced Marufacturing Sciences, Inc. Page 7
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’(i If mostif the cost of a walnut gun-stock is the raw material; there may not be much that can be

Low Cost and Agile Manufacturing of Fircarms Reporl number 300-6954301

company's competitive edge. Using ‘asscmbly 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 followmg components together with their portion of the overall cost of
the product.

Stock 35.9% of the cost
Barre] & Receiver assembly 25.4% of the cost
Bolt assembly 14.5% of the cost
Magazine ) 9.0% of the cost
Trigger assembly 7.6% of the, cest
Miscellaneous components 8. 6% pﬁrfﬁe co ;

GUN-STOCK »,  Cib !
The gun-stock is the most expensive compomnt of th“ nﬂ‘ﬁz‘@en (hough cam controlled
equipment is used to perform most of &he.amac}ﬁxpng, Shibre mqmte S5t of handwork in polishing
and fitting. The traditional matenaki;\'fvah]ﬁtsfaﬁi‘}y whxch m(ﬁndes claro walnut, American black
walnut, eastern black walg&lt,ﬁnd ather walry);t Wod%aﬁm brown heartwood and light sapwood
ring. Some other sthlé%’gbods fﬁ‘clude: myﬁle-@ooé}fﬁaple and madrone. The cost may vary with
different type.and gﬁzde ofe gmﬁstoak ds selected. It will be appropriate for [AMS’ and
E RC/N%M ] ené eeusi‘ia visit Hie Remmgton Arms Company, Inc’s plant and observe and
t}mzaze%’c;] ane‘ﬁev ' step of the manufacturing process for gun-stocks before coming up with

i for mzptpve’mcms

0-—.,.

ﬁi@n&fﬁ 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 puns with traditions! walhiut sinck.

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. Tn 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

Institute of Advanced Manufacturing Sciences, Inc. Page &
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i

for rifiing 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.
E Machining operations include drilling, milling and broaching. The 180-ksi strength is only
needed at 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
g on this part by replacing it with a “Semi Selid Formed (SSF)” component. As mentioned earlier,
SSF is a die-casting technique that is used to replace aluminum forgings in automotiye
applications. Typically. an SSF part will have approximately 85% of the strength of ag 1denumd
forging. The advantage of the SSF part over forging is that it can be net shape or nearémt shapé
minimizing subsequent machining operations. The barrel end of the recexver ng snlI ‘bet a%steei;a!
g insert possibly press fit into an alumimim body i ; s

BOLT ASSEMBLY Bz s s
The bolt assembly primarily consists of screw macfdne pa?is Ehg busmcss v;nd and the firing pin
need to be steel; however, it may be P9 ib '3b reglacc thc: bod}j‘fl}d the handle with one SSF

E component. et ",
' uh & G )
MAGAZINE ™ % -

z The magazine g a %eet n;gtal 'ﬂ:ampmg nn&ia few die cast components, It may be possible to

' replace_ xt with a&rpevv’ﬁdﬂfgn, a tI;I{:e f}]EEC injection molding. It is difficult to foresee that there

y}be é&bﬂgh co.‘{; sa\lmgs ¥
E 3’1 - :H;' \“ ke " u,t 51
5 "mlci;Eﬁ ASS?\MBLY

S G 'Ihc er assembly consists of powder metal and stamped/blanked parts. The trigger guard is
cq aluminum. 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 peed 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’rd, 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.

Institute of Advanced Moanufacturing Sciences, Inc. Page 9
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Report number 300-695-301

a Low Cost and Agile Manufacturing of Firearms

Low Cost and Agile Manufacturing of Firéarms

Report No. 300-695-301

December 12, 1997
EXECUTIVE SUMMARY

B Under contract with Remington Arms Company, Inc., Machining Xcelience™ Division of the
Institute of Advanced Manufacturing Sciences, Inc. (IAMS) conducted a technical search Ei,r
E selecting cost-effective candidate processes for agile manufacturing of firearm componmls Undefﬂ
M/710 program. TAMS™ Machining Xcellence Division partnered with the Eng‘hﬁeenng Ress;archv,.
Columbus, Ohio for this investigation. ERC/NSM has been condu‘%tmg cwammct I a:c'ﬁ for ov
eleven years in manufacturing of discrete parts to net o;,near-ﬂe.t duneﬂsxons bgéw,@/ of die-

casting, polymcr processing, sheet and billet formipg;# Tu
JM"“ “._;-__A i 1‘3 i g

This investigation began durmg a p)unrwsnt Lg th;c;Remmgton E&Is Company, Inc., KY on
November 3, 1997. " 2

i.\

T,

AHsAmM o%;nginf;em (on.e from IAMS and another from ERC/NSM) visited the Remington Arms

*;r Comp@y, lnc r,:w;:wéﬂ the project and program objectives, and held discussions with the

5 ~E~g £ comp nﬂsncmleq ahont major components and subsystems of the gusnt and the required physical

n@} and m anigal properties of individual part. The engineers’ objectives were:

] »:-f-'-'c&

A to conduct a tcchnical search for various manufacturing processes which will lower the

manufacturing costs than the current product. The target is 30% lower production cost,

|
! |
3 OBJECTIVES gF p}m MnoivReﬁBﬁn

° 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.

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.

Institute of Advanced Marufacturing Sciences, Inc. Page 1
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Institute of Advanced T e
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An Edison Technology Center L O13)
BY Fax (513) 948-2109
02/27/98
Mr. James W. Ronkainen,
Project Manager
Remington Anns Company, Inc.
Research and Technology Development Center
315 West Ring Road, Elizabethtown, KY 42701
Dear Jim, Ll T‘g
qﬁ’.".’ai L

~~~~~~~

1%

I am sending you a copy of our final report for the Phase 2 of the@mject ;Low G%t a)pd Agxlc
Manufacturing of Fircarms”. This state-of-the-art x;epoﬁﬁ%provldes mf atlon,uabout four
selective manufacturing processes for low cost an.chrgllc m uf;agm g of figzarm cornponents.
This completes the deliverable for Phase 2. We' h‘ope t};as thig; Iepofﬁiﬂng)vxdes all the information

you need in the most accessible formqf po“smb}g /’&gam your cammcnts are welcome.
lﬁ- 3 3’) 2:
SR
‘Remington Arms COWY Iné}" 5 5(;§mess 1§s< lmgﬁ'ﬁant to us and we believe that there are
opportunities whgre’ vg,A.MS‘,t engmet: ' help in providing technical -solutions and
recommeny txons"‘tp ﬁyﬁﬁle the ipro&ﬁmvnty and enhance the competitiveness of business

pragt}(:es o {mr coxhpan}/

LY ,p

a,

{§flf you haé:e any fu?fﬁ& comments or questions, plcasc contact me al (513) 948-2004 or Mike

P g{ inn (51§i 9482024,
2 S
:§~ Wlfh thanks and kind regards,
B sagiff’
Sincerely yours,
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. TAMS’/(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 st'ockéis

reduced by 1/3°rd, the goal of 30% overall cost reduction will also be fulfilled the sgme tmieL
(n_, ,

2. The barrel/receiver assembly is the second most expensive item. Thcugumbarrel shmﬁ &t‘m%?
[Tt

manufactured by radial forging. Remington Arms Companyﬂﬂimt is, p'tgxbab}y*"ﬂré dy 5
employing this manufacturing process. The receiver could be«redes:é"ﬁed for manufacmre by
semi-solid forming (SSF) technology. High- speegl m?g‘!%mmg,is recoifﬂnende;f to“minimize
the cost of machining the SSF receiver. g ; . 0B ‘;«

4. Remington A:HDS Company, I_'gc 1;3 alregé’&( employmg powder metal technology and should
continue to usé‘ thégwa?rmorepqst-%ﬁ'echvc ways, if possible.
‘{h 3 r,_ - .
ﬁ kcminjf}mi"a%ngs Cgﬁmpany, Inc. is presently employing conventional machining. It is
recommiended itk high speed machining (HSM) should be potentially -applied to all

§ maﬁgned'components
5‘ :

vy 5L
Assembly technology seems to play an important rele 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 fo 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."

Institute of Advanced Manufacturing Sciences, Inc. Page 2
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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 -
assembied in Remington Arms Company, Inc., New York division. The company has started a
new M/710 Rifle Program for the year 1998. Durmg 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 'ihe
candidate processes for cost-cffective manufacturing of firearm components and aléﬁ)xprowdq,s

recommendations for candidate manufacturing processes for low cost and agxle»gnanufacmpmg 5@
) £R \Lgi}-‘

"<',_?7

firearm components.

1._Investment Castings:

vy
s

In general, investment casting uses a mold thaLﬁ"as bcen pmduce -g{);éﬁsmroundmg an expandable
pattern with a refractory slurry that. sete?ag, room n%mperature The” pattern (usually of wax or
plastic) is then melted or bumedq,put lea\img‘t Ihe mold thvity. Today, investment casting
companies injection molq“p’rec}s"e and,reprodu;‘,rbl& W(‘Jr plastic patterns in machined injection
molds to be invested? ;mto shell uﬁsohd molds of modem ceramics into which a wide range of

alloys can be cf;(st ﬁg){(fﬁﬁ' manufacmn!é”’of precision parts. The investment castings are

P

1
character}%g;l;by [E]_L ,:-,
o
SV Ty Singhon of manufacture
= » cacy,
avoids expensive assemblies of inexpensive sub-components,

achieves close tolerances and fine finishes inexpensively,
Y 4 o » cmploys less expensive tooling thun die casting,
E’%h . ggv » allows inexpensive changes of design and alloy,

¢ pennits near or full net shape as-cast,
e quicker, from part inception to production; typically ten weeks,

e quality of components,
E « fully dense structure affords full mechanical properties , unlike porous powder
metal,
o process is capable of providing tolerances of 0.005 inch/inch or better, and 125
RMS.

The companies are employing the most modem 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. Modem CNC equipment is able to produce higher quality injection

Page 3
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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 eliminates secondary
operations by combining the net shape and mass production features of plastic injection molding
and the efficient material utilization of powder metallurgy. Very finc metal powder, combined
with binder material, is injecled 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 alloys :gc
molded.

Powder injection molding is an established, growing technology and is nggst“mdﬁly uscd fo Fhigh's
volume production of small size parts. PIM has not been used extensf’é for la@cr paﬂcs’ dueﬁy
part to the need for process simulation tools relating to mold d%zsxgn tolexi.xpce.",l sof 0.003
inch/inch or better can be achicved with a surface fi nish OEQQ RMSanterafg:e searGh réveals that
parts in a quantity 10,000 and up can be produged? Hréing tﬁis fcei}go}ggy withsa normal lead time
of 46 weeks. PIM is a highly ccoxxoux:q@rocﬁs for ,I3ass prg)duc iEof parts that arc difficult to
form or machine by conventional, meth d§‘ Th 435% of lhw{’IM molding processes for small

component production: . & i, ﬁi
o redupsts comépnermwelgh‘é;
% mqeascsgﬁicienc A 174;52’

' -‘| rc&kés¥mmuf ctunng’ defects, and
(e 5 pi‘{wes cost effectiveness.

w3

F e
3. The Eow‘der Méltnl Process

iibwdc;ﬁnctaﬂurgy is the process whereby metal parts in large quantities can be made by
i: compressmg and sintering various powdered metals such as brass, bronze, aluminum, stainless

3 _9,),;5?* steel, and iron. Compressing of the metal powder into the part to be made is done using accurate[y

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):

» patts requiring irregular curves, eccentric, radial projections, or recesses ofien can

be produced only by powder metallurgy,
» 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,

Institute of Advanced Manllj'acturing Sciences, Inc. Page 4
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s 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,

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

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

I' Low Cost and Agile Manufacturing of Firearms Report number 30()—(;)95—301

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 lxmltatugns on 1356
p

number which can be formed,

4

, a be machined after sintering, (;\ iz

* tolerances in diameler usually cannot be held closé %‘,than O Q(Ql mcﬂ;and joleranccs
in length are limited 10 0.005 inch. ; ; A

4. Forging and Forming:

The process of hot working meialsq_ﬁas long :h,ﬁerr used tg;gnshre strength, toughness, reliability, -
and the highest quahtz_y A w&e vanety of ;jtoduegs F#Today, these characteristics assume even
greater xmportan,ce as&:operalg]gﬁ.gn aturqegiloads and stresses increase, and as reliability and
toughness, becomu‘:‘mditp giitlical FThe B tucts are being designed with forged components that
carif?k tc € hrghest possxble jords.and stresses. Recent advances in forging technology
B {§m¢ dﬂ;théi\fofgwfggf p;ewously “unforgeable” materals have greatly increased the range of
g ”5 propertitfy Failablesin forgings. Economically, forged products are becoming even more
e attracbvggbccause of their inherent superior reliability, improved tolerance capabilitics, and the

;ﬁ ﬁhzg}her@a iciency with which forgings may be machined and further processed by automated
,i',s méihods.
EF

\ O3
gq ot 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 1o a required shape. The particular forging method and
l 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
E 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
B- production. Some of the important factors which are to be considered to reduce the forging costs

are:

o part configuration and tolerances of the forged product,

Institute of Advanced Manufacturing Sciences, Inc. Page 5
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! Low Cost and Agile Manufacturing of Firearmns Reporl number 300-695-301

o material and forging stock selection,
» applicable specifications,

o weight of the forged part,

* quantity to be produced,

+ mechanical properties, and

o 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 componernits 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
E candidate process for cost-effective gun barrel manufactunng [4, 51 %

Ak

qu.

pe

5. Die Castinp — Semi-Solid Forming @SF):

Most metal parts are manufactured by either fully liquid (e. g{ castmﬁ} or ﬁ.li ld (cg,
forging) processes. Semi-Solid Forming (SSF) mcorporatagz]emems of boﬁa castmg?,,an forging
for the manufacture of near-net-shape. dlscrete@aﬂs Thdl}irb’eess mapxtalﬁxs on thixetropy, a
physical state wherein a solid material behave&hke a _ﬂm& when‘:éﬁ ear force is applied.. The
SSF process requires a non- dendnhc..fecdsfbnk wbmf?dan be pkoduce by applying mechanical or
E electromechanical stirring durmg aﬂoy soh(}ﬁicamn at.gzvolifrolled rate, or from fine grained
materials produced by, ngﬁer mcetallurgy or s%:'rayiorfﬁ‘ung methods. This feedstock, usually, in
J billet form, is thg:n hqa!cd to tcﬁ],pcramrc bgt!‘m:cn its solidus and liquidus and formed in dies to

make ne%[ nct—shdpc ﬂgﬁ;ﬁ’ i;* Ret

...,- :'
'ny

:?gébsod’ﬁpea%y F h@le higher structural inteprity than castings, yet can be produced at lower

o g“ cost tha,&forgmgs he SSF process is capable of producing parts which are essentially free of
.'fT‘rL Ty

G %ai porosxty?ﬁssot;aled with conventional high pressure die casting. SSF parts, therefore, can be heat-

'kgatcgg% develop property levels similar to those of permanent mold castings, but at lower cost.

,ﬁﬂ If"¢Bimparison to forgings and parts machined from wiought products, properties are equivalent,

15, K
L“’gw;;f?g? but costs are lower since fewer manufacturing steps are required,

g The applications  of this process are still limited for a varety of reasons, including -sparse

availability and limited selection of feedstock, lack of material property and process
E specifications, and lack of approprate process models. As with any new technology, the
implementation of SSF as an accepted industdal 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

Page 6
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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 barre] technology by developing an electrochemical machining process for rifling high
performance barrel liner materals [6]. A total of fifteen electrolytes and numerpus
electrochemical machining parameters were evaluated in  conducting electvg)chemxca:l
machinability studies on iron-nickel-base, nickel base, and cobalt base sngralloy%JL ‘and on
refractory alloys of columbium, molybdenum, tantalum, and tungsten, Egur matcnals %@05;?
VYM-103, CG-27, and alloy 718) were selected for e]ectrochemlcaq]mﬂﬂfng and?(abnt:ﬂffﬁn m}p
caliber .220-Swift barrel liners. The rifle liners were insulated extc%mally aﬁd asscxiﬂ?gecﬁ to outer
barrel jackets using a drawing process, thus producmg mst, d cn‘mposnck;st barrgls A total of
twelve test barrels representing the four liner ma:ténﬂls anéf aclcet matenals (H-11, A-286,
and Pyromet X-15) were fabncated. The resul;s of t}us program ﬂ}catcd that electrochemical

o

machmmg is a feasxble process ;E "E?o tammg“h:g-h quahty and low cost rifling, and that

. .; ;;.—F :XI
7. _Electric Dlscbargb Machmmz
- -:’%; b;ﬁ(fﬁ "—" “r:

Ilte ﬂmea@ reifgals that efectnc discharge machining has not been used in the past for
jg’h‘ﬁ hﬁmu mH’n h_rii},{ogy Also, it does not seem to be an economical candidate process for
m rifle cory om;nts fidfacturing.

ﬁh,\.AMmbly Technoejogies:

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 exiensively 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
increasing 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

Institute of Advanced Manufacturing Sciences, Inc. Page 7
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company's competitive edge. Using assembly technology approach, full integration of all
E component and system technologies to form a self-contained system capable of process control,
configuration manapement, rapid product changeover, etc. is possible in the plant thus, reducing
costs.
E 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
E Magazine 9.0% of the cost
Trigger assembly 7.6% of the cqgt
i E Miscellaneous components 8. 6% olf,the co”@g
E GUN-STOCK o TR ke
The gun-stock is the most expensive comppnéﬁ'( of thg rlih_.;,‘ E‘Jen thtmgh cam confrolled
equipment is used to perform most of thﬁ.machmmg tbe.rc s gmtc E%ib;l of handwork in polishing
E and fitting. The traditional matenaEASwé'lnnlfanmfy Wh]Ch xrrctudes claro walnut, Amencan black
walnut, eastern black walnyt, lmd other walntﬂ wﬁpdgw}ﬁ brown heartwood and light sapwood

ring. Some other sto;}_f.wi’)t')'ds xﬁzdudé;myrtle g#ood,ﬁrﬁ'aplc and madrone. The cost may vary with
1 different type aI;tl grgle ?[:tgun-tgtoo’x?;wgg‘ﬁ’s selected. It will be appropriate for IAMS’ and
4 ERC/NS%E eng neersmf visit the Rbrmngton Arms Company, Inc’s plant and observe and
g@@ﬂe’kﬁaﬁhﬁnd evef’é(;step of thé manufacturing process for gun-stocks before commg up with
E w%ggEsﬁomqbr ﬁn@zove&:n
it ;fmost gthe%:ost of a walnut gun-stock is the raw material; there may not be much that can be
%g i 3@30, #Pteduce the cost, The injection molded synthetic stock is known to be much less costly
% g"j, than walnut; however, it may not be as salable as the guns with traditional waloul stuck.

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 efficient 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 evalnated
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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 stee] 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 at 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 xdennq}al
forging. The advantage of the SSF part over forging is that it can be net shape or ncar,}gg:t shap&
minimizing subsequent machining operations. The barrel end of the rcccxv,er eén suﬁ ‘e mstee’t

insert possibly press fit into an alvminum body. g _ ?QE%’L ;f?;’ 3 #

BOLT ASSEMBLY
The bolt assembly primarily consists of screw mar:hme paﬂﬁ ’Ifhc bu§mcss é}jd and the firing pin
need to be sieel; however, it may be pos 'blc't’ rtplam the, o Y\ﬂr@ the handle with one SSF

V\,'.,

component,

E)

MAGAZINE /M,;-‘ e

The magazine is:a shget mekal ﬁampmg amd‘ra few dle cast components. It may be possible to

replace 1t_w1th a m;w ﬁgarétn a thige pléée Injection molding. It is difficult to foresee that there
Q be cxf@}lghcosf §avhsgs &

}ww Ve '”r"h,;. 43‘
i TRIGG}:R?ASSEMBLY

’PiThe trigher aysembly consists of powder metal and stamped/blanked parts. The trigger guard is
me casr@ huminum. This is the least costly portion of the product.

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’rd, 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 sugpest 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:

o Jim Ronkainen

o William James

¢ Marlin Jiranek, Il
» Derek Watkins
» Dave Findlay

IAMS/(ERC/NSM) Engineers:

* Anil Srivastavgkﬁ-;}?-”
. VB
* Nuri Akgermag

V-
‘ot

Institute of Advanced Manufacturing Sciences, Inc. Page 11

ET00377

Confidential - Subject to Protective Order



i . .

4 . oL i 1111 Edison Drive )
/ Institute of Advanced Cincinnati, Ohio 45216-2265
\\_ Manufacturing Sdences, Inc. : : TEL. (513) 948-2000

An Edison Technology Center ) o Fax (513) 948-2109

Deccmbcr 15 1997

Mr. James W Ron[camen,

Project Manager '

Remington Arms Company, Inc.

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

s

g
. SR

Dear Jim, ' '

1251‘ Ld
I am sure-that you have received the complete report for the project, “Low, Cost¥ands Agﬂb,kas i
Manufactmmg of Firearms” by now. The invoice for Phase I of the Er(ﬁ@ct wasgﬁent m ygﬂ‘ﬁﬂlh3 o
the report. The invoice (Invoice # 011745) with an amount of SKIOW Ofﬁ‘or Ph@g 2. x‘\'. Fattached *
herewith. As Dr. Nuri suggested and I have already communicatdq to you:S we wﬁkplk‘ﬂ 1o meet
some time 1n Janvary, 1998 once you are back frqrm,vatxa (m;; Wg will kike to g&t some more
information-about the manufacturing methods; Bt}mg used' by thmac;umpany “dt present. That will
help us in finalizing the approximate, osf: ana ¥ A;ﬁy promxsed ”Eemmgton Arms Company,
Inc. will not be invoiced-for that pt{any mos. \

L-#- ,m- RS

S o
Remington Amms Co;npfmy, Ilfg s 1DUSIHC Egm ¥ iporiant to us and we believe that there are
opportunities thre‘%xIAl\{I&:’ crfgmé bse Ay help in providing technical solutions and

rccomma]iglanons 10 ﬁ?ﬁ)ﬁrove thé,productlvxty and enhance the competitiveness of business

Mﬁ:cs % cqmpa}ﬁ

"’w th

e e
,.fgt;{gsj'} ff: If you Zve! fmy fllIfFlf'r comments or questions, please contact me at (513) 948-2004 or Mike

; f* ;,an (5 ) 948-2024.
§ @ o
‘ﬂ; gi:: Agam I wish you d Very Bappy Christmas and Pyososions Nesy Year, 1998.
B
With thanks and kind regards,

Sincerely yours,

1]

Ani] K. Srivastava
Machining Technology Engineer, Cutting Technology
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1111 Edison Drive
Institute of Advanced ) : Cincinnati, Ohio 45216-2265
Manufacturing Sciences, Inc. ) . TEL. (513) 948-2000

Andeson Technnlogy Cenler' Y _  Fax (513) 948-2109

March 24,1998 -

Mr. James W. Ronkainen

Project Manager

Remingion Armis Company, Ini¢:

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

Dear Jim,

Now, you have received the final report for phase 2 of the projegt, ﬂ%’% Low“Cos%iﬁ’nd Agde

Manufactunng of Firearms’. Also, I have sent to you @ee cotgtgany at{dresses’}g'hmh may be
helpful in gmng you required detailed mformahon abput g@u-solfﬁ,forgmgjformmg '

;
fbf~ 'Iu;; 12 kY

As I mentioned to you in the e-mail message, Bhee g _report; 1,3 sut d to the customer and the
project is closed, the project mana&ers'a‘I L&Mg a:erfcquxrccf to complctc a form with customer’s
assistance. I am sendmg yQu tfg s ﬁfarm. Plca§r, takc fe\a& .fhmutcs complete the form as much as

2109 .,..‘() ._3‘ D
‘},\'{\ ’.F-J. :{L{D* ’:}(‘ r
I will loék'lb;;ward? 10 Toceiving the completed form at an early date. If you have any questions,
ﬁ?é":éé;al %;né atgm) 58-2004.

.;\ ;J,

!
o 3{
b 5 ! &
¥ }Wxth th‘ﬁ;m(s and kind regards,

i."; ;‘ AT
Sincerely yours,

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