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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 Anus Company, Inc., Machining Xcellence™ Division of t\le 

Institute of Advanced Manufacturing Sciences, Inc. (IAMS) conducted a technical search ij;,r 
selecting cost-effective candidate processes for agile manufacturing of firearm compon~s und~~~ 
W7 l 0 program. IAMS' Machining Xcellence Division partnered with the -~µgb'leering)l~flTCh~L a:J ·~~' 
Center for N~t Shape_ r:tanu~act~ing (ERC/NSM) at the Ohio,,\~!\;tf~""'tJni~~~ity i~9$m~ir,_

1

:!$~~!:~!.> 
Columbus, Oh10 for this mvestigat10n. ERC/NSM has been condw;tmg c~tract re~ar~ for ov~ 
eleven years in manufacturing of discrete parts to net or near-ritt dimensions ~ w~ of die-

··-~;.i·--: J. ! .,, ..• -~ ~: !:;.l.i.. . 

casting, polymer processing, sheet and billet fom~~~}1\ ~:~~ft~;:~L t:;?i, ·q,~:. i'" 
-~,~--~·~ • •?.:, c ... ;~}( • .. )~~ ::n,.-' 

This investigation began during a P.lllr\~;~~~it··~+t,tfwc~Remi~gton,~s Company, Inc., KY on 

November 3, 1997 .• ,;«J ~! 'f~i, ·11;;·, · '• ]i \if ~,i~;· ,,.. ·;c. 

OBJECTIVES''@F·l~E.W71~:rRdt~ 
1~~1·;;1··· -~~h. ·1~~;~{··'. ';\~; '.~"''' 

.-~fi:~~ o~#ngi~w~~Jo~i_from IAMS and another from ERC/NSM) visited the Remington Arms I .~~f.''Comp~y,~'.l,J1c.,''~~t~~wdtl the project and program objectives, and held discussions with the 

·'.A•:s.:~~~~· 't~· compat}~ a::l~f:~iates··ah~nt ma~or .c~mponents and subs!stems of.the. gun and the required physical 11 i~~ 1~h~~~,j,hamcal properties of md1v1dual part. The engineers' objectives were: 

1~~J•·. , ~#~;: • to conduct .a technical search for variuu~ mauufaL:luri~g processes which ~ill lower the 

l"~~d-· manufactunng costs than the current product. The target 1s 30% lower production cost, 

I 
I 
I 
I 
I 

• 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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c+ -~.'- -~~~ 83 

Dear Jim, <l? -~~i i:0~! \~~~' :i;~,~/;~;~~~~f~~~~~~f~i}0~' 
I am sending you a copy of our final report for the Phase 2_ of thb;~r~ject;~!\Low d~st ~d Agile 
Manu~acturing of ~irearms". This state-of-the-~_,f.~Pd,_~~\~Sovi~~.s inf~atiori~~alf6ut four 
sel~ctlve manufacturm~ processes for low cost ;~;agile ~u~~W-g ?f F!f,earrn c?mpone~ts. 
This completes the deliverable for Phas~)_~_.We tf-Ope !P~ th1~:fepofu~Jpv1des all the mformat10n 
you need in the most accessible fo~pfrs~ib~. ~ati(your d~~ents are welcome. 

-~ft. ~;~~-. ·:-r~. ·~;~:;. .rl~.~~:~~ 

Remington Arms Co,•o/.: I~~r;s B4~iness -~ in-i~~lfut to us and we believe that there are 
opportunities wti..,~re ;_i!AM~,'f. eii~ne~!~ .. ,,~Y help in providing technical solutions and 
recommelJdations ;lp i~rlWe the'i\prodi:ieil~ity and enhance the competitiveness of business 

P~~G\\ses Jt}~:~omP~f!'. ' 
~~;9' '''< ,._,. ';,\:~~~ ~~J . ',,, %f;:f i·~ ' 11:: 

. ;~:~f you haye ·@y furffit'r comments or questions; please contact me al (513) 948-2004 or Mike 
;;)v:r·-~~~~· ~~inn (51.iff 948~2024. 

i,··. ·~.~. ~~h. )ff 
~ ,~ij ~~~:~~~ ·,;,_·~;~~o~t'· 
~~~- J~I Wiih'thanks and kind regards, 
·~~~~·. ;.#~;: 

~~~~~t'*'' 

Sincerely yours, 

,/J/#ii1rdm· 
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. .IAMS'/(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 stoc~ is 
reduced by 113 'rd, the goal of 30% overall cost reduction will also be fulfilled the s.wie ti~~ I 

I 
I 

;~\~~·',· '\~~-
2. The barrel/receiver assembly is the second most expensive item. n~.,guri;~arreLshcitl)A b-~~~8~ .;~!'.~· 

manufactured by radial forging. Remington Arms Comp~y1~:b:i~~ ·'is, ~~~babik~·~iilr~~f ·,;,;,~!/'. 
employing this manufacturing process. The receiver could b~tfedesig~d for ~ffian~facture by 
semi-solid forming (SSF) technology. High-speesf-n1~~iping!:!s reco~ende~"tch:ninimize 
the cost of machining the SSF receiver. ..,.~~<·Y'·' ':~~( 10;'!L.:. ·;?~'· \>. 

I 
I 

'"~·· ;:·:;·:' ~- ,,•,\ ·:;::, '',"1:b~~~~( "' 
3. The bolt assembly is the third mq$fexp~J;1.siv~~&dfflponerit;,,.The company may be able to gain 

a few percentage points .PY;~m~~olid fo~ing~Uie ~g1t;.jnt~'gral with the handle. 
, ,,.~~~f ~~: ':~r; o;;~;h m '~jri:Y· , 

4. Remington ~S:.~om:p~y, ~~c. \~~a!~~,y employing powder metal technology and should 
contif!!{e to us1t-,th~~fuore!p9st~ective ways, if possible. 

t1:(;~~~:•:, -~,;~-- ~~~~- ~;-: 

I ,#5'.;:~W'.~ji{~~J;;;~~ ~pany, Inc. is presently employing conventional machining. It is 

.,· .. ,~ .. ,.>':ri~~·.x,'. ;~~, rec.~l:).ded
1

~tMt high speed machining (HSM) should be potentially applied to all 
. " ·~~~ macWned\'.components. 
;~1 -~~h ,:4? 1e· ,. ~ .,,·<~,,. ·. ·· .. ,~,• 
1 ~"- J~r 6"."'A:S'sembly technology seems to play an importllilt role in reducing the overall cost of M/710 
0 ~ -

1~~~id~!:' Rifle Program. 

I 
I 
I 
I 
I 

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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Low Cost and Agile Manufacturing ofFirearms 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 
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. 

._Ji. 

IAMS' and ERC/NSM's engineers have conducted a technical search. This report p~esents;~µe 
candidate processes for cost-effective manufacturing of firearm components and aJ$$\wrovid~ 
recommendations for candidate manufacturing processes for low cost an~.,?,:~18~filianuf%,c~W.~ o~~8~ .;~(~' 

~::::::ti . .,: \\~,, '~.'''"4~\ \ l!'"'' 1!\~ ~'"" 
In general, investment casting uses a mold that'~~~~~~~~.!?,_;·:~~~d~ti:~~;~urro~ding an expandable 
pattern with a refractory slurry that.sei~;~.i.JJ! rocfutJein'peratfil~. TheJpattem (usually of wax or 
plastic) is then melted or blITTJ.e~::p~t, l~~~in~!the rnokl ~·itvity. Today, investment casting 

••.,-· r'i' '."i• ''-'.• ..J-.<L,i°;-

companies injection mqJ9jied~~ and'.reprod4~iblq~~'·6r plastic patterns in machined injection 
molds to be invested:'futo shell &. soHd mold~ of modem ceramics into which a wide range of 
alloys c~50 _ be ~t ''~f.~~f1fi@' m~p,fa~~~~f precision parts. The investment castings are 
characten~g·by [l'.jt: "}, '.:' 

~·'ljj .. ~'· "L~i".':-.~~:·:, ";·.;~ ~~~\;; 
. ~7.>';,,o·. 1\.,,. 't; ~;.;, ~t'QndQll,v of manufacture 

-~t:•' -:~;fr~·· ~~~- r;}•: .. ·~~;\ f!'f ' 
-~~· '"! '. ,, • mtO.cacy 

.~F;~~:;~~~~- '~~~ l~~ \;:' av~ids e~pensive assemblies of inexpensive sub-components, ii '~~~~~~" , .\~;f.r • achieves close tolerances and fine finishes inexpensively, 
~:;~~,_ j~~ .,,,, :., .. , · il employs less c:;xpensive tooling than <lit: casting, 

l
o'··~~~~~d~f~r • allows inexpensive changes of design and alloy, 

I 
I 
I 
I 
I 

• 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 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 
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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 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 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 .<!re 

Id 3 I mo ed. ;·i\'. :·:ir. 

o,.. ~f v.,~(, ·~k a:J . 
Powder injection molding is an established, growing technology and is_,nspsfkd~y us¥ -~q~!~~h'1~t~;~i}>' 
volume production of small si~e part~. PIM has no~ been used e:~l~~Siv6f,X, for l~r pW:S-'due'~ ,,, " I 

I 
I 
I 

part to the need for process s1mulat10n tools relatmg to mold <$is1gn. ~ toler\ffice~jof 0.003 

inch/i~ch or be~r can be achieved with a surface ~~:}~~ o~~~~si\~itera~e se&~li reveals ~hat 
parts ma quantity ~O,OO? and up can ?e produ,~~!i·usmg 1~§ tec~8]~_gy w1tJita normal ~ead ttme 
of 4-6 weeks. PIM is a highly econom1saj,process for~~a,ss pwducti'q~pf parts that are difficult to 
fonn or machine by conventional~~~@i.bd~~;~ ~}a~{ of th~('.flM molding processes for small 

component pro:uct~;~~~~~o~n]~~weigh~~i ';i~)ri:';~·':~,~~ 
~~, iri~ease.s@ffi~~ncY.i~ .. ,, , '.~W~ 

. "v •;+, re~t?J"frianu:t'~tturHi~;d~fects, and 
~~h·~':·.~ ·.:; ~~ -::: .. ~~ ~ .~: . 

"'''~*'· ~}t;2~;:·; .. • ::µnpr;(\ves cost effectrveness. 

'}q~," ;~~f'·'·~~~iu~ae:i~~~~l ;;~cess: 
.. {.~ ~,.. ~~·)· -~~~ j~~ -~~,:. 

~ti . d ~'-~~4~,fi;~etall,~gy is the process whereby metal parts in large quantities can be made by 
11L, j~i compressing and sintering various powdered metals sud1 as brass, bronze, aluminum, stainless 
i~~tdW' steel, and iron. Compressing of the metal powder into the part to be made is done using accurately 
I 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, 

I 
I 
I 
I 
I 

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]: 

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

• parts that require irregular holes, key ways, flat sides, splines or square holes that 
are not ea~ily 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, 

• 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 
comers, -. ,_ 

• multiple axial projections result in complex tooling and there are limitat~R?S on-'(\~ 
number which can be formed, ~{'v._ _ '-~~ 

.... , ~ •, "'· '"'~ 83 
• undercuts, cross holes and re-entrant angles cannot be mo,l,~~ ~ ther~for~,j~ust~~-- ·+:;~0~· 

be machined after sintering ,.'.A)~:'; \'.t:~ <i:,'~;:--~b;~ '!,~~!•·· 
' ·~ ·"." "·' · ~ 1 rl -"- .. ':.,•r.~· 

• tolerances in diameter usually cannot be held close~\th~ 6~~91 inc&~atioleranc~; 
· 1 gth r ·1 d t o 005 · h .... , ~,. ., .. ,. Jj ·"' 
m en are 1m1 e o . me . ,, ~~~~\~>,. '\\ ;~2: '% -

-;'~---~~~~<·-)·'·' -~~· ,,. · ·· · 'i-- /o~ 
,•' '.:t •::;~~b~~.:~----~,_-.. :i> 

·1:~~'::i%1;~·- :::~:: ,:.--.-~~~,~ '."_()' ·w 
.. ,,;;> ·" ":;,,j <H;.)/'' - ;~, .. 

4. Forging and Forming: 

The process of hot working m."f\1ali(fuis long ~eft~),lsed ~Q;,~nsiire strength, toughness, reliability, 

and the highest qua~i!r~~µr~: ~~~- ~~ty of i#od~~Xfoday, these characteristics assume even 

greater impo~~ a~i~per~'ipg ~pip~~t~~~~~loads, and stresses increase, and as reliability and 

toughnes;~~pecomij:c,mom1F'a~'ticaUf!:hel:fr&d'ucts are being designed with forged components that 

~~0~~co~w~c''c ll~~p.cst possible loads and stresses. Recent advances in forging technology I ,fishcli''.~; .. ili~·fot-gj.~f9f 1*~viously "unforgeable" materials have greatly increased the range of 

"~"'l;ri~~ ;, ;~~~ prope~i~ ~~ailabfe;Jin _fo~gings. Econ~mical~y, . ~org~d products are becomi~g. _even more 
(~' -~.,. ~glattractiv»~beC?.use of their mherent superior rehab1hty, improved tolerance capab1hhes, and the 

j~I ,~~ -~ ,~~,~~fi~ificiency with which forgings may be machined and further processed by automated 

·i~"" be metliods. 
·iif,. ~~:: 
r~~~id~F 

I 
I 
I 
I 
I 

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: 

• 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. 

I 
I 
I 

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 b~p 

candidate process for cost-effective gun barrel manufacturing [4, 5]. .J<.. '~h 

5. Die Castin&- Semi-Solid Forming fSSFl: . ;;'''~:'"' \ 

11.::;jj~i~!j:~;:~c 
Mos~ metal parts are ~anu~actured. by either. fully liqU.i.d (e.g:~~castin~l; or ~lf{; s~1id (e:g.~ 

I 
forgmg) processes. Sem1-Sohd Forming (SSF) mcorp9rat~;$),emen~ ofbotl1, cast1ni,an:d forgmg 

for the manufacture of near-net-shape discret~A~~tk"Th~~~r6~~s:~~pitali-~s on thixotropy, a 

physical state ~erein a solid m~t~rial··.~~~ave~)l~e ~~,,4ui&'~heft'~~ear fdrc~ is applied:. The 

I SSF process requires a non-dendnt_i~,;(eedstQ~ w!ajW1'.Can be p1;9ducecfby applymg mechamcal or 

electr?mechanical stirrins,,4ur~f ~?Y solidffid~~~n.~k!'.~Pofttrolled rat~, or from fine grain~d 
materials produced ?x.~W8er·~~ta11~rgy or tra~~·mg methods. This feedstock, usually, m 

I billet form, is thrr, h~~ted ts,f!' te~er~f]f'~,p~~ween its solidus and liquidus and formed in dies to 
make near~net-shape ~*"~·· ·;:., -~~~;~P' 

1~~~~:~~~ •:, :~j~.. '~~; -~ ~; ,. 

I iifi~;fu;pd~~;~by,·.,S~f If~ye higher structural integrity than castings, yet can be produced at lower 

,~'-~~:;~~ ,, ;~f cost~~; f~~~ngJ~~~e SSF pro_cess is_ capable of p~oduc~g parts which are essentially free of 
:/" .t. ~~l porostt)'ljss~~ated with conventional high pressure die castmg. SSF parts, therefore, can be heat­

l~~1 , '~ 1w~~~t~4~-0 develop property levels similar to those of permanent mold castings, but at lower cost. 

~~~- J~~ ill"C:6':hi.parison to forgings and pruts machined from wrnughi prollt1t . .:b, p1optrfo:~ are equivalent, 
-~· ,, -t""r 
1~;~yr~t7;•' but costs are lower since fewer manufacturing steps are required. 

The applications of this process are still limited for a variety of reasons, including sparse 

I 
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 numerp;,us 
electrochemical machining parameters were evaluated in conducting electwphem1t¥ 
machinability studies on iron-nickel-base, nickel base, and cobalt base sugFrallof¥Y·~d 6~~. 

83 
refractory alloys of columbium, molybdenum, tantalum, and tungste~,J::p:m ;~~teri~}.s .\~t1R5~~t~s~i}0~' 
V~-103, CG-27, and alloy 718) were selected for electrocheIT1ifa};:ii~pg and,~!fftbri~~ffon l~B ,,,,, 
caliber .220-Swift barrel liners. The rifle liners were insulated ext~ally ~~ asse~.Ie4;}nto outer 
barrel jackets using a drawing process, thus producing,ins~~d c6:$.positeh~st b~F'!i.. total of 
twelve test barrels representin? the four liner !HiJ:~fai'~ ari~it&:¢~j·~~~et m~t~rials (H-11, A-~86, 
and Pyromet X-15) were fabncated. T~~/esult.s ofJN~ pr~:&ram·~~cated that electrochemical 
machining is a feasible process ,Jc;iy:.:b6thlµingHhigll quality and low cost rifling, and that 
extrapolation of this proces~. to;~g~,caliber~~p~~s (eJ,lsi:bl~'.''· 

, ''~~~~f ~~: ':~r;. c:~;h m '~jri:Y· , 
7. Electric Discharu~ Mac.ltinl1*: j;, '.·~~l 

;·'~"· Ac. ~rn~1i?*<~··' '!\i. '~kg.~,~ 
Th£1,~li_ted~W~!.'?\~~~ rJ~~als that ~f~ctric discharge machining has not been used in the past for I ~f;~un:··fu~u~~tili.n~(~fh11a1o~y. Also, it does not seem to be an economical candidate process for 

)' 
· .... , .... ·,'··'"······l;ri~~·:·r,,, ;r:~ nfle compo~¢nts mfilfilfacturmg . 
.. _,· ·" M i~~ + .. 
1~1 .~IB ~~~~tr,~~p'1b1; ~echnoJogies: 
-~1~:,,. ~~jf" 
1~~~td~F 

I 
I 
I 
I 
I 

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 
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 
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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 
Barrel & Receiver assembly 
Bolt assembly 
Magazine 

35.9% of the cost 
25.4% of the cost 
14.5% ofthc cost '· \1} .. I 

I 
Trigger assembly 
Miscellaneous components 

9.0% of the cost ~~z~,, '\:h 
7.6% of the cost <: ·::>.. -,;~~ 8 _, 

s. 6~o ~f ;the~c6~~ :_:_j_: ___ '.::.: .. :.,\~~.S~~~~r:~~~J~~ 1:~!.:;~t~' 

I 
I 
I 

.. ·C \~~ •• ~\P ~~~f~_ ·~~~j. ~; 
GUN-STOCK ... '.;~s~:·, ~:- ··\, '~~' 
The gun-stock is the most expensive componif'i:t>; ;f tltJ~1ii~ .. ~yen ~&ugh cam controlled 

• , , •" I•- ( • ~ \!, 1~ 

equipment is used to perform most of!~;machi~ing~-~~e iS,_:'fluite~iii~t of handwork in polishing 

and fitting. The traditional materialff'Wahiiif;f~1fwhich irr9~udes claro walnut, American black 

':alnut, eastern black wa!ThW· ~d ~;r walnID v\i~~~~~'}~fth brown heartwood and light sapwo~d 
nng. Some other sto9_k;~ooas 1fil\lude:myrtle~wood;~·faple, and madrone. The cost may vary with 

.· .... , "-1 . •.. ..~ \ 

different type and gl'~e of{·gun~stoCk;, wQ'.¢id's selected. It will be appropriate for IAMS' and 

ERC/NSM;.s engfh.~e~~ili*'~isit th~ R.lffii'l~gton Arms Company, Inc's plant and observe and 
~~··~·.'."·~ ... :~ •::,.,. .::: 

I 
. ~~~,;~~~e~~;~~:~~e~~~tep of the manufacturing process for gun-stocks before coming up with 

. ~;sugge~nsi,[or 1~t"bcvements. 
,,;h:;~·t ;rr ·~fi "/:: '1

d· 

/,-.~1 -- - -, r}· . '~tJf mos~r't th~:tost of a walnu~ ~un-.stock is the raw m~terial; th~re may not be much that can be 

~~· -~~ ·~e,Joi(reduce the cost. The mJect10n molded synthetic stock ts known to be much less costly 

·;~\ ,~;f tha.Il walnut; however, it may not be as salable as the guns with traditional walnut stuck. 

1~~~~~d~F BARREL AND RECEIVER ASSEMBLY 

I 
I 
I 
I 
I 

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 evaluated 

Institute of Advanced Manufacturing Sciences, inc. Page 8 

ET00374 

Confidential - Subject to Protective Order 
Williams v. Remington 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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

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 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 automot\ve 
applications. Typically an SSF part will have approximately 85% of the strength of an ident~~l 
forging. The advantage of the SSF part over forging is that it can be net shape or nead~t sha¢:~ 
minimizing subsequent machining operations. The barrel end of the receivJi(r '®.TI stilfbe~~:,ste&lil 83 -~~' 

: ::::::~it inID an filwllinum body. " 'i~i", '\;"~.~~\~: '\. ll"'"'~it~'~l:i•!'' 
The bolt assembly primarily consists of screw r:n!Wllirie part~10tlw b~iness ~e'i;ld and the firing pin 

~ . -: · •· ~ 1:'-:+r. _. ~ 1.1.:~ } 

need to be steel; however, it may be P9.~~~.ble t9 rep}~f~ th~;:-jJOd)i"~4 the handle with one SSF ::::E ,,,,>'''' 'i~i 1i~: •"q,,,li i\1i;::;p:& '(c. 
The magazine i~~~ s~~~t m~~l ~~p~ "~i~ few die cast components. It may be possible to 
replace iHfith a fli!fw~Mit at~~ p1~e-'injection molding. It is difficult to foresee that there 

~JJ, ~,e erf4~g~ ~?#'.~av"t~~s. < 
lY''<'~'·';,\;~: .. f:1• ''''%;·.,Vi., ·~j:: 

:~~· TRIG~R·~SSE~BLY 
,,)f":ri~~~~· :~~l The tri~h ~sembly consists of powder metal and stamped/blanked parts. The trigger guard is 

l~I .~IB ~.~f~~~dluminum. This is the least costly portion of the product. 

11~'·· J;i CONCLUSIONS 

1~~~tdW' The gun-stock, as the most expensive sub-assembly, should be the primary subject of attention. 

I 
I 
I 
I 
I 

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 113 '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. 
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APPENDIX-1 

REMINGTON ARMS COMPANY, INC. ASSOCIATES: 

• Jim Ronkainen 
• William James 
• Marlin Jiranek, II 
• Derek Watkins 
• Dave Findlay 
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i)J Cincinnat~ Ohio 45216-2265 

~- ~' _J;J __ M __ an_u_fu_c-tur __ in_g_Sc_i_en_c_es_,_1n_c_. __________________________ TE __ L_.(_s_i3_>_948 ___ 2_000 ____________ ~ • ~ An Edison Technology Center Fax (513) 948-2109 

December 15; 1997 

Mr. James W. Rollkainei1, 
Project Manager 
Remington Arms Company, Inc. 
Research and Technology Development Center 
315 West Ring Road, Elizabethtown, KY 42701 

•• Ji. 

Dear Jim, d\~1 . ·\~~~~ 
I am sure that you have received the complete report for the proj cct, ]~ov~t Cosf7~rid:l .. gil~il 83 .·~~' 
Manufactu~·ing ~fFi~earms" ~y now. The inv~ice for Phase 1 of the .Bf,~;~cfwas~~~nt ~~t.gif,~fh:~:,~~f~i/~; 
the re~ort. fhe mvoi~e (Invoice # 011745) with an amount o~ $.~r.poo.o~~or PMflJ 2 ·-~~- attacheH 
herewith. As Dr. Nun suggested and I have already com,11Jumcat~ij to yoti;~.we wdi~pl~ to meet 

• - -~-::;.-·-<;·}· ~·...... • .::~= -...,r· "H-

~ome tm~e 111 January, 1998 once _YOU are back rrmn~'.NaG~ft~·~.; ."t~,. Will ~1f; to g~t s~r:ie mo~e 
mformation about the manufacturmg method.1:dh~m.g used ~y t~~®.Ipany :at present. I hat will 
help us in finalizing the approximate_,~~;tc_andiy_sis~~'t\s\ pr6W.ised~'~Ri~mington Am1s Company, 
hie. will not be invoiced for that paiti~i~y m~[S;. \t}\·•J· ':', . 

.. ~ ,-~·~~ -~r7=k ~~t\ .... ~;L ·~;~~~'.,. ~'~ .. ~;~:.;~ .. :~:~~ 
Remington Am1s ~ilJ&b.y, Iiil's b~1sines~Jfis irhp~~'.tant to us and we believe that there are 
opportunities . \\lh~re'·1~~~~" ei~~.ind~~~i>~f~y help in providing tech.n.ical solutions . and 
recomm~~N10ns-;'~o !~:Prove the:~prodi1ct1V1ty and enhance the competltrveness of busmess 
.RrsifeS ~~~~r.P~P~· -

.~~r · '·\:~~~ ·;:;1,; ,, ,,:~ft¥t i;,: 
;;)Vl;ri~~~~· ;~~'I~ you 11ve'::~py furtlifr comments or questions, please contact me at (513) 948-2004 or Mike 

j~\ ~~~lmn ~?01, ) 94'8-2024. 
·:~51 ;~~ -~-~;:~~ ... <~;3o~ 
11L_ .-W Again, I wish you a Very ll-::lappy Christmas and P1,,,.,.,,·.-.u.• Nn;· Yrn~·. 1998. 

~J~·. «·~-'' '"~~~~r.=t;;~-~' 

With thanks and kind regards, 

Sincerely yours, 

~ 
Anil K. Srivastava 
Machining Technology Engineer, Cutting T cchnology 
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institute of Advanced 
fyianufacturing Sciences, Inc. 
Art Edison Technology Center·· 

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 

/ll!f;M~ 
Aitil Kumar Srivastava, Ph.D. 
Machining Technology Engineer, Cutting Technology 

1111 Edison Drive 
Cincinnat~ Ohio 45216-2265 
TEL. (513) 948-2000 
Fax (513) 948~2J09 
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