
December 12,-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, 

1111 Edison Drive 

Gncinnat~ Ohio !5216-2265 
TEL (513) 948-2000 
Fax (513) 918-1109 

. i 

·~~i 
. r~r·. i\:t 

I am sendi.ng you. two copies_ of our· final. report for ~e project, "Lo'*'~. Cost~~q.,.~~~~~. 8~ . 

Manufac~ng of Fnearms". This state-of-the-a_rr report proVJ~es reco~¢.ii~ns ~.se,t~~;~:J!r.~~ 
manufacturing processes for low cost and agile manufacturtn_¥ W::~arm c~po~. iijs"· 
completes the deliverable for Phase 1 and Phase 2. We hope~W.t thi~~port 1f:tpv@es all the 
information you need in the most. accessible format P.PSS~.,We ~lcomt~pur cd~nts. · 

'•i:?J -·~.~\ .. l;\ "•" t':· 
J1°-~~~)7· 1!:i '·<;f~~ ~~~ -~ 

An invoice (Invoice# 011739) with an amollJ1i~of$1Q,QOO;po fu'r~se J is enclosed here. The 
. . fi Ph fi $ " "':~t.,.,.~- ~ .:ti'. ·;l ' . · mvo1cc or ase 2 or 8000.00 ~~~}~"'~· '''~-';:) ~&f~,,.,. \~t 

... 1!'~ ~t: }f./1 -~~~~ -.l;.:;7.i . 

Remington Arms c~. I~,'s~sines~as ®P'o~t to us and we believe that there are 
opportunities 'ffier~~IA1,1Jf ~U:iffi.n:,.-JfiY help in providing technical solutions and 
reco~\f.Jt~tio~to ~6ve t11~~pi-Wtrttivity and enhance the competitiveness of business 

!'E!f1\ces=.t,~'!fl,p.r ~JUP\ffiY. 
-·nr.drt''~~t.-: -~~ ·~!.l· l\'t· ~a 

.1fl1 . '®· t~- 1.{\ib. ~ 
w".;!:1il.~ $ u: you ~vo;~y ~er comments or questions, please contact me at (513) 948-2004 or Mike 

.:t" :v ltlllil (5.f) 9i\B-2024. . 
t\i 'l~~~ . _,{..-

~\ ,~ f'VJi~t'you a Very Happy Christmas and Prosperous .New Yt".tt\ 199B. 
~tr~~,~1.f 7 ".,it1"' 

With thanks and kind regards, 

Sincerely yours, 

.l/llB>~« 
Anil K. Srivastava 
lyfac~_n!:ng Technology Engineer, Cutting Technology 
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submits 

to 

Mr. James W. Ronkainen 
Projed Manager 

Remington Arms Company, Inc. 
Research and Technology Development Center 
315 West Ring Road, Elizabethtown, KY 42701 

INSTITUTE OF ADVANCED MANUFACTURING SCIENCES INC. 
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Cincinnati, Ohio 45216 
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Low Cost and A2ile Manufacturing of Firearms Report number J00-695~301 

'Low Cost and Agile Ma"mi(acturin·g· of Firearms 

Report No. 300-695-301 

December 12, 1997 

EXECUTIVE SUMMARY 

I 
I 

Under contract with Remington Arms Company, Inc., Machining Xcellence™ Division of the 
Institute of Advanced Manufacturing Sciences, Inc. (IAMS) conducted a technical searchtP:r 
selecting cost-effective candidate processes for agile manufacturing of firearm componliv,!5 un~f 
M/710 program. IAMS' Machining Xcellence Division partnered with the -~nS.!Peerirl~ ~~ 8:3 . .,.,:;, 

Center for N~t Shap~ ~W:ac~ring (ERC/NSM) at the Ohio ,;~t~;rtJru~rsitJfrJ9.~>hl~~~!W' 
Columbus, Ohio for this mvest1gation. ERC/NSM has been con4~ctro~ ~rtract !Bl'e~ for ci~r 
eleven years in manufacturing of discrete parts to net _w near~~t dim~ions \ ~{ly of die-
casting, polymer processing, sheet and billet fonninBfo'• ~~~,, '~?-~ '8 ';(!; . 

\'f-~'F;./ ~§ ~~:~~~ .. ~~~ ·~ 

Tills investigation began during a p).~.isit~t2. .~r;;R-emlifgto~'"~s Company, Inc., KY on 
N b 1997 .... ~.,·!-· ~:;~ ""'<'···''' "·' ovem er 3 . ~,z, .· · ·,..\) '°''- '.·:i. 

, .~ lf;. ~t~ ~ul t11~ .,.,,;.i~~ •• 
~ ... 11 "'t'?i. ~·,,,'. l"'t _.~ ... l"Cn"';.~,· 

·~j·:i'Y" ~.. ..\'.... ~ ;I';.&.;~" 
tf=?·;!"· ·-t,~ -~~. )~t ~ 

OBJECTIVES~F .1lffi.p.716~R~~ 

I 
.1 
L 

~~.. ~~. ~~ti :-"1 \~ ~ • .,~'l· 

A~ o ~f!P.iee~ ( o~. from TAMS and another from ERC/NSM) visited the Remington Arms I ~'flt'.~~·~,~.?~~~;"~ th~ project and program objectives, and held discussi~ns with .the 
.. jf~~i.1!~ tf. compan?°Fg?rntes ab~ut mll:!or _c~mponents and subs_rstems o~ t11t:. gun and the reqmred physical I ~ ~~~:-;;~;.rclll properlle~ of individual part .. The engm~ers' .ohJectives were: . . 

1~~.. JY " to conduct a kdum:al 8earch for vanous rnanutactunng processes which Wlll lower the 
1~~ie~7 manufacturing costs than the current prcduct. The target is 30% lower production cost, 

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 uruts 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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Low Cost and Agile Manufacturing of Firearms Report number 300-695230 I 

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

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

l. 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 sto9t is 
reduced by l/3 'rd, the goal of 30% overall cost reduction will also be fulfilled the ~e ~~-

.jJ:.· ~.... _,Q. 

# 1~: . ;~:.'c -~~. 83 , 
2. The barrel/receiver assembly is the second most expensive item .. 1J!t:if~arreks~?;@.! b~liwF;!/;-" 

manufactured by radial forging. Remington Arms Comp~)\i~1~ is, ~ba~~'5a.Jre~y,,,··· 
employing tills manufacturing process. The receiver c~uld B~f.edesi~d for~anW-acture by 
semi-solid form~n~ (SSF) technol~gy. High-~;,5~-~JirFg~~ rcco~endeil., t6' minimize 
the cost of mach1rung the SSF receiver. .-:.t.~~·"· 11~ ~:;!~. 'f.f, ·~ 

. ·kt ~' ~:.:- ~~~-~ 
.,-~ ..... .l .. .:r'. ·..:..1 ·~-· 

3. The bolt assembly i~ the third ~f~~.W~~fj~pon~~~~ The ~~mpany may be able to gain 
a few percentage pomt!i.b:Y.:¥~0lid fonnmgWie p_pl~nntegral with the handle . 

. -;.Gt~:; !"~ ;;=~?. ~?~ -~~#~ .. •· 
.~;;'!i ·¥c· ··,~ .t\r ':P 

4. Remington ~s1tomRiP1Y·~~c.'{}.aji:~ employing powder metal technology and should 
contiP.:lle to lli!b, th'ill~¢l'fi~ moref~os@if~~tive ways, if possible. 

1~~ ~A ~~ ~ I .1f~B~;~Jµ~~~J.;~ &?.mpany, Inc. is presently employing conventional machining. It is 
;f:~lAt:; ., ~ recq~~ded ~t high speed machining (}ISM) should be potentially applied tn all 

.,:-?.-· ~... ~· macjl!' · ed'.:cornponents . . ',I ~i~ r --i.~ ~:.. .. . -:-tit"" 
't1, ~ 6~1:·~~scmbly kchnolu~y seet11~ tv play au important roie in reducing the overall cost oi .M/710 

1~~~~f l Rifle Program. 

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

I 
I 
I 

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 manufucturing 
process also seems to be 100 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 of Fireanns Report number 300-695-JO l 

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 Rille Program for the year 1998. During our visit to the company, we learned during 

our discussions with Remington Anns 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 lUlits annually. The emphasis is on the selection of processes which vrill reduce the 
overall manufacturing costs by thirty percent. 

c-4. . ~ 

I 
I 

IAMS' and ERC/NSM~s engineers have conducted a technical search. This report g~ents ~ 
candidate pro.cesses for c~st-effective man?facturing of firearm compone~t:'c~d al~~Pt~~viddJj, f}..3 . .,.:;. 

recommendat1ons for candidate manufactunng processes for low cost ~;&gile1manu.W::~*!b o~~;i:1~~~· 
firearm components. -~:?~fi ~ '.?~'-- -~. -;.··· 

I 
I 
] 

i::--?. ,.. ~-t ··:r: ~r 
·,.'~ °t:"' -l:.'!- .... :':. 
w=i'f \6: ~j, ~_f 

1 I t t C f -;-J. ·~t· '.~~ ~~ .;;; . nves men as mgs: .. -:~ ·~t~:·,. 'f~ 'E" ;if> 
-:~;>.. 1]\~l}J.· .. ;~ ·i~ 

,~~ ... T'- . ~ '· ... ·1~ ··u ;y 

!Ji general.' investment casting uses a r:.;,g~4,tha~~~ b~~· prtf~1uc~<r4f~?.=ounding an expandable 

patte~ ';1th a refractory slurry t~.;~ets'a~i?~mllpe~~Y.· !he pattern ~usually of wax. or 
plast.lc) is then melted or. lmp.ieCJ.i-':flut, leat;pg~}fJ1e .. _w,c;i:,li.i cavity. Today, mvestrnent castmg 
companies injection _wgjJit~reJ~r a.I%reprod~ibft~Mr or plastic patterns in machined injection 

molds to be in~ft~~nto ;!.~ell~~- sciij~ .mfJrs of modern ceramics into which a wide range of 
alloys cen be ~st ~ m8ftµfa9fil!e of precision parts. The investment castings are 

\..__ ~ht t;liJ. -,. ""' Cuw ucte.-~by l 1'k '\-:;{, .,, . 
.;li'.11~, .II.\ 'H' ;. ·~';, ;;'!.. · 

I .£.:..•·.,,.<tc~~ -~;; · -..:;•·. · · oni'rfuy of manufacture ii•' I~. ~{... • f~~·~ ... , -=1r,,- J ;- ~.:-: ·-'1: ,_.....:.;.. ' 

~i,"<l.~'t-1~.; ~ti Jf '~q; : :::c~~pensive assemblies of inexpensive sub-components, 

i~ . ·!\~;,,,,.,-.\-{.f, • achieves close tolerances and fine finishes inexpensively, 
l;,_ ~ ·-c-. .. ::o.'-'" o employs less .:xp.:11sive k11..1liug ilian <lie casting, 

·~~i~~W " allo"".5 inexpensive changes of design and alloy, 
I · • penruts near or full net shape as-cast, 

I 
I 
I 
I , 

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

• qu.aJity of components, 
• fully dense structure affords full mechanical properties , unlike porous powder 

metal, 
• process is capable of providing tolerances of0.005 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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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 nianufacturing metal components that eliminates secondary 
operations by combining the net shape and mass production features of plastic injection molding 
and the efficien1 material utilization of powder metallurgy. Very fine metal powder, i::ombined 
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 alloysdtre 
molded. . ·;,;i., 

··R·-. <~ 
~~\l;~J.. ~~-

I 
I 

~ (<· ''" ,,:., IX:J 
Powder injection molding is an established, growing technology and is mRJ!!iWif.!~ly ~d f~,jig~. r . .::t:;, 
volume production of small size parts. PIM has not been used e~t~J.l~·for !~er ~!all~~i~~· 
part to the need for process simulation tools relating to molfi¥.:s1gn. ·!fltie tole~c~, of o.o1J3 
inch/inch or better can be achieved with a surface finiJh ~~.RM~~, LiteH\~re se~ reveals that 

/I 
J 

parts in a quantity 10,000 and up can be produ.£.tA~'uMhg ~'<t!;tµi"9}ogy vJt~ a normal lead time 
of 4-6 weeks. ~IM is a highly .economic~J;ro~s fo~fil~s·~~od?~.of parts that are difficult to 
form or machine by conven!Jonaj ,_J;ll~~ll,_ Tfuli;JiU. of ilii!4 • PIM moldmg processes for small 

~ot.-.1 · ~~ :.i: .. -:". ~ :c.. 
component production: '\ -~~. 11~. '~l- ,,,.,;:,;-, '· 

• reqt!d~fco~n8itt weigh~~ :i~~"1;:-'•' 
""'~:~!' ·.-,<;. r? ;JS! ~~ 

~~ 14~es,.efmienc~, ·ii''; 
•;)) ~!! ... ~,{<:: .,,,, . ~;<. •"-i.p•' 

1,:~. •?~1 reqlz"""n1anUI~£rtll'!.Il!fbefects, and 
~·~·,.,._ • ·~l}impfuves cost effectiveness. 

I 
... i~~~ .. ,~(. ~l "i'!~~!.~ ·1~. a'~ 

.~f1 '',·0. 't!'J. ~~~%'A ~-;; 
* . ~f.5. Tbe'~mviler M'eU~ Process: 

(f '""'".&< . w~ .. ;i,:~Jot,;~y ;, th' proce" whmby m'IBI port' in J,,.ge quantiti" oon be nrndo hy 
ti;. ~~ coill'p1essing and si.ntt:ring variuu:; puwc.lt:ri:d metals such as .brass, bronze, aiuminum, stainless 
~~~~,~~W steel, and iron. Compressing oftlie 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 , 

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 lo 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 e<in 
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, 
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tapers and counter bores are easily produced, 
axial projections can be formed but the pennissibk 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 tooting and there are limitatIBQS on $f 
number which can be formed, . . ~f:r;,,. ;2· 

C;~ ··: ,~~~ "i, 8" ~ 
• undercu~, cross ho'.es ~d re-entrant angles cannot be ~~f.¢. ~ th~.fo~ust.:~~;ijl·~;r,.:. 

I be machined after smtenng, ,.,_ (J¥,iN ~ ¥."i-J' ·'\~o -.v 
• tolerances in diameter usually cannot be held clos~an O~l incltffe1d_tolerances 

in length are limited to 0.005 inch. i~. l~~, ·~~:. ~~; -~ 
r::-~?;;; 'i~,~~v.~~-·;fti ~~ 

4. Forging and Forming: ~.;>.. _-;,• '-:.:. "-"{~~; 
., • .:.:ri}·~~i~-'1 ~~,,,t$},,. ·' ·tk ·- ·· 

I 
I The procc:ss of hot ":'or~~-~WS long~~e~,~e-~J~?-~'Ure strength, toug~ess, reliability, 

and the highest quahtygfi.iu·wi~. vffi:J;ty of ~d~~'Today, these characteristics assume even 
greater importan~ ~EF,pera.\,Wg l~~t~t'ioads, and stresses increase, and as reliability and 
toughnes~~c?m~o~fical.~1.he ~~bets are being designed with forged components that 
c'.mi~~o~~-tJ).c hltpest possifllc Jonds and stresses. Recent advances in forging technology 

I iftiticff ~th~~o~gl~~Qf p~vi~usly "unforge.abJe" materials have greatly increas~d the range of 
~c,'!.!.'!tl. ~prope1:11~ ~;;~1labie'~ .fo!gmgs. Econ~m1cal~y,. ~org~d products are becomrr:g. _even more .
1
.';' -~) . ~l?ttractiv~~$Jse of therr mberent supenor rel1ab1lity, improved tolerance capab1lit1es, and the 
j ~ ~~&-~&~ciency with which forgings may be machined and further processed by automated 
. ~ ~f metlfods. 
·~~)0>:~;1 . I '"l<,~·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 fanned 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, unifonn, 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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Low Cost and Agile Manufacturing of Firearms 

e material and forging stock selection, 

o applicable specifications, 

• weight of the forged part, 
• quantity to be produced, 

• mechanical properties, and 

• design of the forging dies. 

Report number 300-695-301 

Literature search reveals that powder forging (PIF) 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 P.f a 
candidate process for cost-effective gun barrel manufacturing [4, 5). \~; 

~~iJ. ·\.}i 

• ·• • " • ~~ 1 ~: '°.r:~,, :~~I fJ3 . 
5. Die Casting- Sem1-Sohd Forrmng {SSF): .>'ifi 'ft -.:..' ·;r~. ·~~- ... 1 . .;:~-" 

_,!I ~J... :l(l ~!....~-4!· ·~!>:-... t~;;~J,.... 
_.:3'~-,,~!'-i. ~ ·~~,.. ~~ ..,.J .. 

Most metal parts are manufactured by either fully liquid (e.~ fa:sJJi! or fi~Jy :iblid (e:·g:·, 

forging) processes. Semi-Solid Forming (SSF) incoq:o~~~lerr:i~,ts ofbb\b casti~g J~d forging 
for the manufacture of near-net-shape discret~d~rils'. Tfit'P~~ie~;:api~es on thixotropy, a 
physical state wherein a solid material behav~~like a,f}ufiLwh~@:qhear force is applied .. The 
SSF process requires a non-dendri~-~ftel:rs4?-~k·~~F~ be1p_roduc;cfby applying mechanical or 

electromechanical stirring .~m:mg ~lPY soliqlpc1t.~,on -~~J/Ii co~trolled rate, or from fine grained 

n:-aterials pr~duced ~J;;fl/Mlei'~etiBf,:rgy orU1fra~g meth~. ~s feedstock, ~l~y, in 
billet form, is tlw,i li~ed t~if t~11~,~een its solidus and hqmdus and formed m dies to 
make neax-net-s~e ~1.~~ -:;n 1}_~~~_,, 

\!~~.. :J.'1_ ~~ 1.f ~ 

I ,:iY:ffiYp.Jp~~~lf.~~._F ~e higher structural integrity than castings, yet can be produced at lower 
-~tJ: _ JJ.'f cost th~, i~$ings~~e SSF process is capable of producing parts which are essentially free of 

,,~"·--i-~~ ~~ porosit)-;~s~}ated with conventional high pressme die casting. SSF parts, therefore, can be heat­ti 1%r.t:~t~9.~ develop property levels similar to those of pennanent mold castings, but at lower cost. 
,1*i:. .m fb~ftllDparison to fo~gillg5 anJ parl:> lllilt:hi_ncd fr111l1 WJ 1_1ugl'.f pwuuds, prupt:rUt:S an: t:ljWVaJent, 

1~~~~~fi but costs are lower smce fewer manufactunng steps are reqmred, 

I 
I 
I 

TI1e appJications of this process nre still limited for n 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 persoIUJel, 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. 

f Electrochemical Machining: 

The technical search reveals that a research program was conducted to advance high performarice 

e 

gun barrel technology by developing an electrochemical machining process for rifling high 
performance barrel liner materials [6J. A total of fifteen electrolytes and nurne~qus 

electr~h~~cal n:iachinin_g p~eters w~rc evaluated in conducting elec\W?hemi~ 
machinabil1ty studies on iron-ruckel-base, ruckel base, and cobalt base su~rallo@~\~:r.d o~~' 83 . 

refractory alloys of columbium, molybdenum, tantalum, and ~gst:~..;.-f!~hr·~aterif~ .~Si~i;~f~!::::~"' 
~-103, CG-2?, and all?Y 718) w~re s~lected for_ electrochen;~caJ?'ii~g an~,fibn:~lron 1~ .,. .. 

caliber .220-Swift barrel lmers. The nfle liners were msulatetl extWially ~IP asserlfuleq}nto outer 
barrel jackets using a drawing process, thus producinit irir~~i;d ~~posit~'~st bat@h~'A total of 
twelve test barrels representing the four liner ~~K(s ~~~~~!Wlcetm~rials (H-11, A-286, 
and Pyromet X-15) were fabricated. 'Th~esuit~ of,~ prq~~cated that electrochemical 
machining is a feasible process.~,fii<'cil>~ri~~g'h qualij,X and ·low cost rifling, and ·that 

extrapolation of this proc~t~ to~g·eficalibeci~~.f~~le~ 
. .e;~.~~~~t",. ·~t ~~~~ -~ ·~;~;?~ 

7. Electric Disfha~ Ma¥!1inf1i: ·j~~ ·~ .f.J' 
. • ?lh '.tl~,,~~· · V;. 1t~{;i,,,-
~4 .. , n~ .~ . 

... ~.te~f~t~~~ r~fals that ciectric discharge machining bas not been used in the past for 

I .~r.gun ti(<lf.lU~~11'MAnJ~cl1rl]?Iogy. Also, it does not seem to be an economical candidate process for 
~if 'fl ,... ~·~~~ '" 

;f!~t.zy. ';;~ n e coawo'~?pts m'tilibfacturing. 
/.:.· :r Zih J~ 't; 1:1 ~ -i~c~a:ts-embly Technologies: 
"\a~. ..cit ii .. ~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 arid 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 al! the manufacturing problems. Driven by 
increasing demands for better quality, faster production and minimum running costs, innovations 
are constmltly being devised, tested and deployed throughout the manufacturing world. The 
designers can easily evaluate and modify multiple iterations throughout 1he design process, 
resulting in shorter manufacturing cycles, accelerating time-to-market, and sharpening the 
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company's competitive edge. Using assembly teclmology approacli, full integration of all 
component and system technologies· to form a self-contained system capable of process control, 

configuration managemen~ rapid product changeover, etc. is possible in the plant thus, reducing 
costs. 

PRODUCT COMPONENTS AND THEIR COST 

The Ml710 consists of the following components together with their portion of the overall cost of 
tbe producl 

Stock 
Barrel & Receiver assembly 

35.9% of the cost 
25.4% of the cost 

-· Bolt assembly 14.5% of the cost -\~ 
Magazine 9.0% of the cost ~1~,_ 'tq. 
Trigger assembly 7.6% of the c"st ~.-~ · ;[:~_!,,-',:;. '~-.~-8.-~i·-·.···.~:. 
Miscellaneous components 8.6% __ ~•-_11'£co'fh_-, -·._,,io ··1· ~ '· '---------'---------------~·!Jff.....:..:;c__,~~ r., ,.,((•··•>~ ' •• 11-0'-"" ;,, --.:!S:.._ W'·-- -~. ~, ... 

i;~ . ~fu.;. e c, 
·ti.- ·- :r· "):i.' 

GUN-STOCK ·-" ~~. ·;:;;: ~:f~ ';~-fr 
TI1e gun-stock is the most expensive comP:9~t~f t~l,'.~}%1~~-en :~gh earn controlled 
equipment is used to perform most o(.~~acfi3.h_i:i:%:~he r~·f].uite-~i>i:t of handwork in polishing 
and fitting. The traditional materia}'.js-v,;IrilttfaiiifiJ'~hich in~iudes claro walnut, American black 

walnut, eastern black waJWt, ~d ~er wal~ ~~Ii~ brown heartwood and light sapwood 
~g. Some othe~ st9R~bods ~~lud~li;nyrtle~Jf;oodfffiaple, and_ madrone. Tb~ cost may vary, with 
different type -~ gt"llde ~ g~..stotk ~s selected. It will be appropnate for IAMS and 
ERC/N~~~ en~f,le~~'"visit -~ ~~~ngton Arms Company, Inc's plant and observe and 
-if~~~;iej~~~~ step ofilie manufacturing process for gun-stocks before coming up with 

I .'~f"sugg~uo~for 1llliJ4>ve'ments. 
~r ·;?. ~~~·- ~.:'i\~ 

,;{c:S!il'¥ 1;f ._;;,. ·;...'_ -

.~(··~- '·Y'- ~Q},If rno~f ilit· cost of a "'.alnu~ ~un-.stock is the raw m~terial; th~re may not be much that can be ,a1 k~ ·~~Y,i-;W reduce the co~. fhe m3ect10n molded synthetJc st~ck 1s ~own to be .m~c~ less costly 
·~~., ,@ than walnut; however, 1t may not be as salable as the gUID w1U1 ltaLJ1hollMl wali1UL :>u)C,.;:. 

l;jf"'':Ji>~J!l?" 

I 
I 
I 
I 
I 

• .,F- ... P·' 

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 ln 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-lube 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 fromsteel bar stock with an ultimate tensile strength of 180,Jcsi. 
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 automofhve 
applications. Typically. an SSF part will have approximately 85% of the strength of an. identf@ 
forging. The advantage of tbe SSF part over forging is that it can be net shape or ne~~ _shap~, 
~ninimizin~ subsequent _machining ~perations. The barrel end of the re:;~Wr ~~tD stil!~be'!a~ee~~t ~ ,;si .;~::;, 
msert possibly press fit mto an alummum body. 3-j',1;.~ u:< ~,.,_1-;9:-~ ~~'lfJ·· 

" 1;...-.. Y f1:~. ~ .~~!'·" '·-t} "1 
:~\ ··i i"- "I ·,;,; 'f,:. J•. ·~j' -·-· -~~' ~t.r. ~1\ -~'" 

BOLT ASSEMBLY .,-.-·i~ 1ff;)k, 'iif~ v~ '1P . 
The bolt assembly primarily consists of screw.~e P~: «:~.~iness·t;iid and the firing pin 
need to be steel; however, it may be .. ~·?~!?le'~!_ ~gljl!'.~ t~ibod)Fi~ the handle with one SSF 
component. 1.;:1~~·· ..... · --:;!~.... ~!;i~~,.. i:.i 

{ti: ~f . ·-~ .. \ ~h.: . ~ \_;'l 
lf~ ;,,}. ~,. ., .. ,, ,;--:•, 

. ..:.,~'; ):.1~ f:·~ H-1 ·~~ ,,.:- .... ): 
MAGAZINE ·:i.:W" '*- •0

·;.. ~i~ ·;,.-::-,~"" . . ii..;"4r -~c· ··,.1.t -·~ -~~ 

The magazine ~~, a '.~fet ~~tal ~~WIL~·a few die cast components. It may be possible to 
replace.!~ .. with :i'!\t;Je~~~fi!ii, a tlftve jliec·e'injection molding. It is difficult to foresee that there 

I 
.~;~be ¥W,l, c~ sa~wgs. ~ 

• -~~·'- ,f.~ti;,_ .~ 'I!;..?;!. I~~:, ~:rt ·f' . ·i,;,.,,- i'f\ ,~ .. ~ ~~ . 
. )-'i!1;~. fj 1mG'e.,.E~\~SSEMBL Y . 

:i4i·~· cy,;. ·~ 1be ~edtssembly consists of powder metal and stamped/blanked parts. The trigger guard is 

~~11 ;~ ~~~Ji*'~lumimun. This is the least costly portion of the product. . 

1fl'·\~J CONCLUSIONS 
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 <:ost 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 Higb-Speed Machining methods in order to minimize the cost of machining the SSF 
receiver. 

Tne bolt assembly is the third most expensive component. We may be able to gain a few 
pL.TCentage points by semi-solid fanning the bolt, integral with the handle. 
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APPENDIX-I 

REMINGTON ARMS COMP ANY, INC. ASSOCIATES: 

• Jim Ronkainen 
• William James 
• Marlin Jiranek, II 
• Derek Watkins 
• Dave Findlay · 

IAMS/(ERC/NSM) Engineers: 
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Low Cost :rnd Agile Manufacturing ofFirearriis 

Report No. 300-695-301 

December 12, 1997 

EXECUTIVE SUMMARY 

I 
I 
I 

Under contract with Remington Arms Company, Inc., Machining Xcellence™ Division of ~e 
Institute of Advanced Manufacturing Sciences, Inc. (IAMS) conducted a technical search -~!. 
selecting cost-effective candidate processes for agile manufacturing offireann compo~~-und~~-
M/110 program. IAMS' Machining _xcellence Division parmered .with th~JP~fe~n~~Rese~fit~~"i:4-~~ 
Center for Net Shape Manufacturmg (ERC/NSM) at the Ohm_.§rJ11f timv~1ty ~{Q?.0-J~P. i~~IY­
Columbus, 01:io for this inv~stigatio~. ERCfNSM has been con~1tID~ 'ittr:ict r~.~- for o~~ 
eleven years m manufactunng of discrete parts to net Q~near-~ d1ID~~10ns D:l!J.~ of d1e-

I 
J 

casting, polymer processing, sheet and billet fonni]lg;;, ~~-~~i;o,, ':ft_ \t. "'1" 

J1~?2.;~' ~~~. ·'·~~~~;i~ ~i 

This investigation began during a ,P-!~Bt:~f:>it~~.,tg~;ltemi~on,~s Company, Inc., KY on 
November3, 1997. ·->fr'" ·~tl ~{;'' '~'l 

• '.t~?~11 t~: ~~~ ~h; :~l ':~~~~~~/"' 
OBJEC~IVES"Wt '~~i~7l<JW~R<W,~ 

·~ ..... \; _,, t;i,~11 ( ... • " 

-;:,~"!~ ~~Wgtj!yJ~,(~~from ~Sand another from ERC/NSM) visited the Remington Arms 

I ~ifl"'Com~y;~J4nc.,"~~i~w~ the project and program objectives, and held discussions with the 
';If t.:. •j· • ~ ,n 

, ... ~"·s~~~ 1~, comp~ rd~~ciates ~uh~nt ma~ or .c:i::m ponents an.d subs~stems of_ the_ gun and the required physical II 
1

,g 1~~~~;;;.~amcltl properties of md1v1dual part. The engrneers' ob1ecttves were: 

Iii~;.,. . lJ • to conduct _a technical search for var1uu:; manufat:luri~g processes which '011 lower the 
1md~·· manufactunng costs 1han the current product. The target is 30% lower productrnn 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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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: 

I. 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 modem CNC equipment that is custom built. .LA.MS'/(ERCIN.SM)'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 siocf- is 
reduced by l/3'rd, the goal of30% overall cost reduction will also be fulfilled the ~·*1e tirri~. 

I 
I 
I 

11 

~~f~.I. · •• t:t 

2. The barrel/receiver assembly is the second most expensive item. 11v:;~~~arrei1kiici:filg b~~8:f_.;:~:;, 
manufactured by radial forging. Remington Arms Comp3!1Y..,,J~f'is, pYii,bab~:r:fitil!~ \.~~Y 
ernp.loyi~g this i_nanufacturing process. T~e receiver ~ul? .oiredesifm:d for f@!ll~f~c.~ .oy 
sem1-sol1d fonrn_n~ (SSF) technol~gy. High-sp~~g-~~g~1 reco·~ende~.:.tcr'm1mm1Ze 
the cost of machuung the SSF receiver. ·"'~:;.".f:;:>· 1~ !;'~~- 't-f, \::;. 

'"'' <~· ~l~)'l< y 

I 

/I 
3. The bolt assembly is the third m,,9tt'Ex]5~~it~~ivlli1~ne~~~,Th:'i!~pany may be able to gain 

a few percentage points)Y•~mijjplid fofiNin~!fie l?.~,~ntegral with the handle. 
-~~~r~i~: ·i. ~;~ n; ·~~~~1~ ~ 

4. Remington A.mi~:t'.ompany, ~r:nc. ·1~.alre.@y employing powder metal technology and should 
•;-.> ~~~ ..• ;i::.: ·~.~ .~of, ,.1 ~:!'~~ 

contiI!:)_e to us<t<, tharJ~ihore:=f:qst~ective ways, if possible. 
~i{~~.. ·J_J}_ ~rf..- :f. I .1f.5'.?H~~~.~;~3~~ ~pany, Inc. is presently employing conventional machining. It is 

,f!~t:w ~(. rec-Ofurri~~ed 1thlrt high speed machining (HSM) should be potentially applied to all 

J 

~,~. :'> '!i<ii majfP-ned;:components. ;·II ~i · -~II ..... -..-
i~~;. ~ J;:=~m~embly technology seems to play an import::nt rc!c in reducing the ovcrull cost of M/710 

""l' .~.., 

'
3•;;Y.t~41,It Rifle Program. 

'< • .,. ... ~?-' 

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

I 
I 
I 

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. Tilis 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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lN1RODUCTION 

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.. Tbe company has started a 
new Mf710 Rifle Program for the year 1998. During our visit to the company, we learned during 
our discussions with Remington Arms Company, Inc.'s assoeiates, 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 annuaUy. 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-effective manufacturing of firearm components and al~~~provi~. 
recommendations for candidate manufacturing processes for low cost and ,.a.gil~~V,ianu{~.e:tili;Jpg OCi18~ $:;. 

fi 
. ; . :·, t.. . .-;,!;;tc ·"'"• -i"·I · .. trearm components --<f-: :m. . ~!.-,4:··;,y,> 11•;.:r-

. o;:L --&~'"'" ~~il \l ·.~r- \=i• )1' 

1 I C . ,,...., ·or~ 'Ji• ~+ ~1 . nvestment astmgs: =~ l;'!.. ,-,, ~~- ,,. 

,,.._:.~;;;~ "\f ~~:\~~ ·T~ 'q~ i!!' 

In general, investment casting uses a mold that!ias bee.e,Prft~_ucal~~urrm.ihding an expandable 
pattern with a refractory slurry t~~f.7~t~t~!o·~!~\Ofripera~~- The~pattern (usually of wax or 
plastic) is then melted or bvm.ed::if.put, leaiJin~(the nwkl cavity. Today, investment casting 
companies injection n:i9l£!tf#e~~ aif~.'.[eprod~~ibl~~'6;plastic patterns in machined injection 
molds to be inv~~ed;pi'to shell ·%. soG~ mq)il~ of modern ceramics into which a wide range or 
alloys caH~ be ~t .1¥Jk# ma1.f P.fa~'1'of precision parts. The investment castings are 
character~ffi!?.y ( tiJ( ~;:;, :f: 

··:?t;K: ·~) .. ~t'~.:- -A 
1

::~, 
. ·::."'!"""'~?;~ -t;i, ·-..;.».¢i':'onmli!v of manufacture JJ·· 'l~. t!_}. ~-~:.1=t, -:-0' ' 

'1i' '$? ,,,. • m~~acy 

1_;5c-:g:~~.;. ~i .~! ':~:! a;~ids e~pensive assemblies of inexpensive sub-components, 
·l1h, . ./JV • achieves close tolerances and fine finishes inexpensively, 

'~\ @ .,.~.;~'·'· • employs less expensive tooling limn tlie casting, 

~~m~~j~ • allo"'.s inexpensive changes of design and alloy, 
I · • penmts near or full net shape as-cast, 

I 
I 
I 
I 

• 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. Modern CNC equipment is able to produce higher quality injection 
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molds in less time. Jn-house advanced processes can produce even higher quality, lighter, 
stronger, and thinner castings than ever before. 

2. Powder/Metal Injection Molding: 

Components made from wrough1 or cast materials usually require multiple secondary finishing 

I 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 

I and the efficient material utilization of powder metallurgy. Very fine metal powder, combined 
with binder material, is injected into a die. Part is ejected, ihe binder is melted or dissolved, and 
vacuum sintered, resulting in a part 94-99% of theoretical density. Primarily ferrous alloys _*e . ~~ - ~ ~-:!!! :;~··1,,',_ -8 

~;o! !1;: , ;(:,'c '~~. 8;3 

I 
Powder injectio? molding is ~established, growing technology and is flilflgf\viiJ~!Y us~~~N~h''~li~~-::!f.:;, 
volume productrnn of small s1z.e parts. PIM has not been used e~e~~r5f;t for la:i:ter p_V15 aue-~, ' 
part to the need for process simulation tools relnting to _?1old ~ign. ~ tole~ce-~lof 0.003 

I 
inch/i?ch or be~r can be achieved with a surface ~.~~rP 0'~~~$~itera~ searilh ~'Veals ~hat 
parts ma quantity ~ 0,00? and up can .be prod~~~d,::Usmg ~~: teeJ,w,o,]ggy wilfi a normal ~ead time 
of 4-6 weeks. PIM is a highly econom1~rocts;> for,Jl!(\.SS p~duc~~f parts that arc d1fficult to 

·--'••" ,. .... "- (Tt.f· +. f 

I fonn or machine by conventional;_;peiliba:r§i Th;#\!& of lhtc~IM molding processes for small 
component production: ~-· If\ ~:, 'fl: '1~\ ... ~~}~;_ 

• re£l~b:omwne~ weigh~ii -~~~w 

J ·~ ih~eases~ffi~{en~jj, .;?f 
-::~ ·; ~ •f.b.:. ~-= i~{;.'~!r:P'• .. 

. ,~> .~,~;,re~aifoanu~~'g'oefects, and 
~- ·-':'• 1, ,;. Ili- . 

,.__~;"' :~{~-::;~ \.un¢.(l~ves cost e ectiveness. 

I 
~1$~~.f~ti:.. ·#i '"'=:,.::"!. )~~: ~jJ 

{f' ·~ ~(~ '.~···"!' ~~ .i:· ~~ '",,-""); ~~~ . 
,.,. ~§,___ Thei.owaer Me~~al Process: 

,~f-=~ ~: ~ :.;-.: 

~- ~~ ~~~\~~~~[.f~etaJ~!D'. is _the pr~cess whereby metal part~ in large quantities_ ca~ be ma~e by 
1~;. ,~ compressing and smtcnng vanous powdered metals srn::n as brass, bronze, aJmnmum, stamless 
~~#tt?' steel, and iron. Compressing of tbe 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 
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 lo those of cast or wrought products of the same compasition, if 

I the parts are processed to provide high density. A lower density will result in lower physical 
properties. The advantages of powder metallurgy are [2]: 

I 
I 
I 

" 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 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, 

• 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 ~al projections result in complex tooling and there are IirnitaMp.s on·~~f 

number which can be formed, ~~. :q,_.. ;~. 
___ , '·'· ''-'· "i• 8:J 

undercu~, cross ho!es a.:1d re-entrant angles cannot be n,i~}9f.d ~ the~o~ust~,- i~;~ 

I be machined after smtenng, -;~1-~; ~ '~'i:''!.~ ·;e} ~·g; 
'.olerances in ~i~eler usually. cannot be held closeip~an diRel incfi~ci~fpleranc~s 

I 
I 
J 

rn length are hm1ted to 0.005 inch. -:;:t~. '?.1. ·~5~. '~" .,,,. 
. cf, ~·lf i?\;~·- :-;~. \~~ .. 

_l-;._~.-:.~::F~,l':' 1~~ "":·t-..·.... l'f.. ·"i-:.: • • - - -:·•. '· .. ~~r·j~ -}'; 
4. Forging and Formmg:: 'S'·. ,. ·:.;. ''~;q-'~ 

.v~fi~Y:~~\i~';\ •f;fy)i~}''.• ·1k "\W· 

1he process of hot workin$. m.wJSfil?s long we~Rsed .t~ns'lire strength, toughness, reliability, 
and the highest qualil{'~w?A: wf(~. v~ty of *od~"1Today, these characteristics assume even 

greater impo~~ a~~pe~~rg ~~~~~iloads, and stresses increase, and as reliability and 
toughnes.~:,r~ecorn~;md~~~tica15{fhe·~%tlucts are being designed with forged components that 
~,~cco~~tc fhe H;~hest possible loads and stresses. Recent advances in forging technology I .:fffutlr~~~fd'.~~~f ·;v:!'!vi~usly "unforge~ble" materials have greatly increas~d the range of 

;~~£ii;:. i1. pro~~ ~~lablk.;.'ln .fo.rgmgs. Econ~m1cal~y,. ~org~d products are becomu:g. _even more 
.-·.:.· ~> ~attracti~be~use of their mherent superior rellab1hty, improved tolerance capab1hhes, and the 

i~· ~' -~l~~~},~ciency with which forgings may be machined and further processed by automated 
,P L1 meiliods. 

;r;- ·R 
j~m~tt 

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 fanned 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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Q 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 b~~ 

I 
I 
I 
I 

candidate process for cost-effective gun barrel manufacturing [4, 5]. </.\-·. \~1.\ 

s. Die Casting - Semi-Solid Forming CSSF): ·"!} ~' ~fl?\~:;~·-- ~~~t 8:1 _.;~~=-~if-i:~f' ~ ~~~-~~~~ 1~~J-" 

] 

Mos.t metal parts are ~an~actured. by either.fully liqu3_d (e.~~~astiri'~ or~~ s-9,id (e:g., 
forging) processes. Semi-Solid Forming (SSF) mcoip9raf~,fJ,em~ ofb~ castmJt,.arttl forgmg 
for the manufacture of near-net-shape discret~~~'.'Thdipr~~;;'-F.'.!Pital~s on thlxotropy, a 
physical state w~erein a solid_ m~t~rial -~~,!:ave~J.!ke ,~_,.~uid:t,heff~IDt-ear fo"i'.c~ is applied:. The 
SSF process requues a non-dendnt.1~;;-(eedSfcjtjc_ w!tjµilcim be P.r.oducedby applymg mecharucal or 
elec~mechanical stirring_,4mi;J.r fl!J?y solid~d~~?n. ~k~o'htrolled _rat~, or from fine grain:d 
matenals produced by.g9~er ·~taJl~rnY or W;ra~}filftmg methods. This feedstock, usually, m 
billet form, is th~.?. hi@cd t~-J. te1w.erii1~S~~ecn its solidus and Iiquidus and formed in dies to 
make DC?,I:-net-sbifP.e ,\\;n-t,.:.'f:.-. - ~~ 't4_~~,-. -

~t~~ '• \,_ 1-'!fl'=tt' \;; ' 
~~~ ,!!_ ~" ·;;· 

I ,{.:fiff~))JpJ~~~~~~F klxe higher structural integrity than castings, yet can be produced at lower 
,l'!~:b ., if cost ~ f~~.~gi. ~e s·sF pro.cess is. capable of p~oduc~g parts which are essentially free of 

&~ ~ ~l poros1t~sot_1ated with conventional high pressure die castmg. SSF parts, therefore, can be heat-
i~I ~ -~xa~i;:fiw; develop properly levels similar to those of pennanent mold castings, but at lower cost. 
'~~t .~~ !i}'t6fuparison to forgings and parts mu.chined from wtoughl prnJud~, prupt:.riit:~ aft'. i:yuivalent, 
i~~-~;i 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 
I 
I 
I 
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 perfonned than the more conventional means of turning or milling. ·111e 
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% wiih overall improved perfonnance. 

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 
perfonna.nce barrel liner materials [6]. A total of fifteen electrolytes and nume.rw.is 
electrochemical machining parameters were evaluated in conducting elecQRphemi~ 
machinability studies on iron-nickel-base, nickel base, and cobalt base su_m:ralloW;i··mid J~, 

-"'" .•. ',··o -·7. f):J 
refractory alloys of columbium, molybdenum, tantalum, and tu:1gsle~-<.rt~ur 'lhateri.~s ~1£5}&;-}~·~;~ 

I VM-103, CG-27, and alloy 718) were selected for electrochem1.cafr,ilfifrig ancfJA,"Jlbn~n l~p, .,,5! 
calibe~ .220-Swi~ barrel IU:ers. The rifle liners wer~ in~ul~!ed exf~ly -~ asse~e1.fito outer 

I 
I 
l 

barrel Jackets usmg a drawmg process, thus produc1I1&~1ns~~d co:mpos1te~st bad,1lls."A total of 
twelve test barrels representin? the four liner ~~~ls. ari~~~;sf,et m~rials (H-11, A-~86, 
and Pyromet X-15) were fabncated. "0"e resul.i,s.. of ,tJJJ,~ pn,i;~'~icated that electrocheffilcal 
machining is a feasible process J?i:<()flf~inlf~):U'~ qual1fyl and low cost rifling, and that 
extrapolation of thls proces~ ta:1argil;P,,calibersfw~o/S fe.Hsilile'.· 
. ,;;,;:t~i!~~ :%.. "+, i~; '.~~~-$;.'" 
7. Electric Discbatg~ Mac!Jinl®;: '~5, .. .&]7' 

•1.!'.t; • ~!f\ ~~f~~~~:!P ~~. ·~k~}:."~· 
)#.foW:J~r.~. rJtt.,tals that e:(ec:zic discharge machining has not .been use~ in the past for I ~V~Tu'.i hi~u~Jllifn~;~i:hi:ll}Jo~y. Also, 1t does not seem to be an econonucal candidate process for 

J'l'1'.~t· ~; rifle cor@oi@?ts afactunng . 
• )--"'-· :i:.;J- m ~r ~;~ ·'I ~? I r l.~ ·~ .•. Assembly Technologies: l ~ . ;,~,;,i.:..\•• 

~,'\ dl ' -~~!fjf ot. . .,.,.w·~· 

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 minimwn running costs, innovatiom 
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 MJ710 consists of the following components together with their portion of the overall cost of 
the product 

Stock 
Barrel & Receiver assembly 
Bolt assembly 

35.9% of the cost 
25.4% of the cost 
14.5% of the cost .~~ 

I 
I Magazine 

Trigger assembly 

Miscellaneous components 

9.0% of the cost ·1r 
1~~. 

7.6% of the CQSt ~ri:\:;;, ".j~, 8.3 • 
8.6% o .. r•"eico~ '-' ·<,;.. 'I~ ,,:~ .. 

~µi: ·~ ..;, ~~·!.'~h ·;c1;§!:1-"·· 
~\?~1!~ ~ ~1~- ~:~. "i" ' 

"i¥,, ·~1 ~\ I::1.·_1:_; " 

~~ "Z- ·'h .;; . 
GUN-STOCK .·,,. ~~.,. 'i~~' -,~, °';!P I 

I 
The gun-stock is the most expensive comp~11tirf'.i6r 1@ti'ii~ ~;yen th·@igh cam controlled 
equipment is used to perform most of_!tv.;~acH~.ingr..,1#-~e i~'.t1uit~"~1 of handwork in polishing 
and fitting. 'The traditional materia~~fiW;{]iiffi.rt:arilifY~hich !rf~udes claro walnut, American black 
walnut, eastern black wali:tl),l, jfi\d dfl:icr walr:ifu Wi?9d~wJth brown heartwood and light sapwood 
ring. Some other sto~J~,Wlf&ls iftSJul~P.1yrtle;}jood~1fple, and madrone. The cost may vary with 

i different type aJJ~ gi'$.!_~ .. ·~~~~o't~~~ selected. It will be appropriate for IAMS' and 
..J ERCINS~.t eng1Jl~~~ v1s1t tll~ R~ltimgton Anns Company, Inc's plant and observe and 

I 
. -~~b\)~~~~~~e~~~tep ofth.e manufacturing process for gun-stocks before coming up with 
.:~suggeStj.orut.[or ~:©..vemcnts. J:f '~ i:t!-. '7_:.:\t 

Ji'~~~~ ~qlf rno5!,J ~~ost o; a walnut gun-stock is the raw material; there may not be much that can be 

~ ,;<ij ~~~'reduce the cost. The injection molded synthetic stock is known to be much less costly 
\ii-. .~'ii than walnut; however, it may not be ns salable as the guns with traditional walnul stuck. 

·x."Cr- .. P·' l
b!!!>~~~' 

·I 
I 
I 
I , 

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 
W'dS 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 fea5ibility 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 1 BO-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 tQ eliminate a large portion of the time consuming machfoing operations 
on this part by replacing it with a "Semi Solid Fanned (SSF)" component. As mentioned earlier, 
SSF is a die"casting technique that is used to replace aluminum forgings in automo~ve 
applications. Typically an SSF part will have approximately 85% of the strength of an ident:ijW 

forging. The advantage of the SSF part over forging is that it can be net shape or ne1lf~~ sh~. 
minimizing subsequent machining operations. The barrel end of the rece}y~r ~ stiltbef~te9~i a.::i_.~:;, 
• 'bl fi • a) • b d .-.,. ,_,. . .,,~ ~1d''1 " msert poss1 y press 1t mto an ummum o y. .v;i)[.{" q;.1 2!...,;,~-·.,'tl '.v.r-

'~i "1),,, .. r~~ \.. :fi' . ~~ f 

BOLT ASSEMBLY ·" '.~f~.,. '~"~.. 'F§:, -~" ·» 

'The bolt assembly primaril~ consists of sci:ew w~A~ pa.rl~1~c.rn.~.~~iness ~d and t1_1e firing pin 
need to be steel; however, it may be P.?.?~.ble r9. rep}_<;_~ th~poJY-~4 the handle W11h one SSF 

component. ,-- If~ ·~:::;::.v,~1;,l: ·~:~;.:~~~:·<(, ~sl 
MAGAZINE ..... j!c~ ·-w "~;;_ 'I~ ·~;_:;r.z;w 

;;f,30~ •¥(• ··,1;. !.\> ~¥!' 

The magazine i~~tJ sl.(#t ID%~ sr~p~ .~~ few die cast components. It may be possible to 
replace it;~with a ~w Wn; a ~ pre&"}njection molding. It is difficult to foresee that there 
-ajll.b_e e~lfg}\.~oSf~av~gs. '-i' 

I 
~ ... ~r)t.-, .,~ -,~c ... ;~"t, •s:. . 

. off-' .r. 1~· ~~- .,.f,~ .. ~ !~ 
. ,1.it;. ~j TRIG~R~SSErtmLY 

... :J~· ~)- ~.~!The trig~r a~sembly consists of powder metal and stampedfblank.ed parts. The trigger guard is {ii ~ ·i~~g;~IDuminum. This is the least costly portion of the producl 

'1.r}-,_ · '~ CONCLUSIONS _J.~,~~· 
V#W" 

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. Ifwe can reduce the cost of a gun-stock by l/3'rd, we will be well on our way to 
achieving our goal of thirty percent (30%) overall cost reduction. I 

I 
I 
I 

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 bol1 assembly is the third most expensive component We may be able to gain a few 
percentage points by semi-solid fanning the bolt, integral with the handle. 

Institute of Advanced Manufacturing Sciences, Inc. Page 9 

ET00375 

Confidential - Subject to Protective Order 



I 
I 
~· 

I 
I 
I 
I 
I 
I 
I 
j 

Low Cost and Agile Manufacturing ofFireanns Report number 300-695-301 

BIBLIOGRAPHY 

1. "Metals Handbook - Forging and Casting'', Vol. 5, Stl' edition, 1970. 
2. "Metals Handbook - Machining", Vol. 3, 8th edition, 1967, 
3. S. Buzolits,"Military Process Specification for Type 46XX Powder-Forged Weapon 

Components", DOD Report Number SPS-6292-2, 1985. 
4. G .. D. Lahoti and T. Altan, "Analysis and Optimization of the Radial Forging Process for 

Manufacturing Gun Barrels", DOD Report, 1976. 
5. C. F. Barth, and J. D. DiBenedetto, "Improved Materials and Manufacturing Methods for 

Gun Barrels", DOD Report, 1975. ,, 
6. R A. Harlow, D. L. Com, and R. C. Kimball, "Development of an Elec~chemi~l 

Machining Process for Rifling Lined Gun Barrels", DOD Report, 1972. ~N·,. ';~. 
7. L. Hoffmanner, J. D. DiBenedetto, and K. R. Iyer, "Improved Matez:i~ ~ M+ac!,wuig~_(31 :;!t;:;, 

.,.;;r,. ,f., ,.. ~-"~ ·,,.~ ,. 
Methods for Gun Barrels", DOD Report, 1972. ,~7~'·~~ % ·~q;~·-·'11h :,.~ · ' 

8. R P. O'Shea, G. S. Allison, J.. D. DiBenedetto, and K. R'.;y"er, "lroprove~Ma}~rials and ;v ~t:: ~~· .fj' 

Manufacturing Methods for Gun Barrels. Part I'', go:q~~porlt~~,972. ·:~\ i .;;,.-
9. NERAC Search, November, 1997. ~ ... ~)?' '1i~,•F!1.-_ ;y;. \:; 

'.~;\11~ ~~L,~1·.t,,;i;1c.:~.}\""\<i ¥ 

~~ ~(~~ ·' ri·6~ ·:i.~ h"- ·:'6'#-~ 
_, •. , ?ip. ~)(i{f:'° ~,.·_·::· -~?iJ•· 
'I~~~ :_, 11 '~~~ -

I ·-.J:5~.T).~~~ ~~F~J_~l. ~~~ r{.~~> 
.#·· ··~· ~· r,~~·;~ ii-3 

·(--i'..Q(t;,:M, ~t r~ ;i,~) ~~JI 

I ·" ~ ~~tt;:;.;·~~;:,1:ft11 
.. ~! ,. ... 1 
lfr. .ff 

1:'0•"~fit ~-l<~r.'i' 

I 
I 
I 
I 

' 
Institute of Advanced Manufacturing Sciences, Inc. Page 10 

ET00376 

Confidential - Subject to Protective Oi:der 



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

APPENDIX-I 

I 
I REMINGTON ARMS COMPANY, INC. ASSOCIATES: 

• fun Ronkainen 

I • William James 
• Marlin Jiranek, 11 
• Derek Watkins 

I • Dave Findlay 

I 
IAMS/(ERC/NSM) Engineers: 

I 
I 
J 

I 
I 
I 
I 

Institute of Advanced Manufacturing Sciences, Inc. Page 11 

ET00377 

Confidential - Subject to Protective Order 



19 

lfiJ
r-~ Institute of Advanced 

(\:::, Manufacturing Sciences, Inc. 
~ An Edison Technology Center 

December 15; 1997 

Mr. James W:RoilKainen, 
Project Manager 
Remington Arms Company, Inc. 

.. -

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

1111 Edison Drive 
Cincinnati, Ohio 45216-2265 
TEL (513) 943-2000 
Fax (513) 948-2109 

-t~ 
. ~. ~ 

I am sure that you have received the complete report for the project, ''.I.A>~ Cost:.:!1Ilatf•gil$~l 8.3 ... ~ 

Dear Jim, 

Manufacturing ofFireanns" by now. The invoice for Phase 1 of the !l&~#tk~ent ~.:('9;'.W.~~J~~}W~ 
the report. The invoice (Invoice# 01I745) with an amount of $~pritto~tor Ph~ 2 :~'-attachlffl 
herewith. As Dr. Nuri suggested and I have already corn~unicattf-1 to yo~; we w1TupIN1 to meet 
some time in January, 1998 once you are back frqrn;"..vab~§rn~- Wj; will ~.e to g~ some more 
information -about the manufacturing methods;·~1Rg'° used1~/t'f1~~~pany~~ present. That will 
help us_ in finalizing the approxima!.S:~~~;,:imft,k~j~-1~~~\\ pr~ised~tU~mington Arms Company, 
Inc. will not be invoiced.for that p~~ny rriori:. 1;;;'" ·;~~ 

,, ~~~: l\ ~\ -~b. :~e~~--·d·~~~~~r~! 
Remington Arms ~hlty, Iri~·s ·i1_J_sines1ffes iri?'p6rtant to us and we believe that there are 
opportunities v~h,er~~·I~~ d~ind~~;,~y help in providing technical solutions and 
reco~m:m~Tu? l~love thB-Jproductivity and enhance the competitiveness of business 
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With thanks and kind regards, 

Sincerely yours, 

~ 
Anil K. Srivastava 
Machining Technology Engineer, Cutting Technology 
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March 24,.1998 

Mr. James W. Ronkainen 
Project Manager 
Reming1on Anns Company, Tnc. 
Research and Technofogy Development Center 
315 West Ring Road, Eliz.abethtown, KY 42701 
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A.nil Kumar Srivastava, Ph.D. 
Machining Technology Engineer, Cutting Technology 
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