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ORDA .CE PRODJCTIO. DIFFICULTILS
- AJD T.7IR SOLUTIQNS

The subject of this taliz as 1t has oeen announced to you,
1f commrehensively trested, vould embrace a very nroad field
, of i1nformnation -~ Ordnance Production Difficulties and their
Solutions, There are, of course, many difficulties and they
exist largely in proportion to the activaty of the Ordnance
Depnrtiient, Since munitions prodaction and sunmly activities
have bheen steanily increasing for the rast severel years, our
production troubles have also been rncreasiqs though as great-
er experience 1s Zilned by the administrative and shop units,
. cifficulties oraduclly becoe ferer. Obstacles and uafore-
seen delays,al mys go ' 1th accomplishaent —- without them
nothing 1s done .
You v11l doubtless understand that Ordnance officers
cannot pretend to be production en_ineers, Frequently ‘hea
. they do attompt to be proauction specialists, the resultis
are disarmoiating. P.odnuction gngineering is one of the most
exacting and dafficult branches of the technical sciences,
calling for a meticulous desrece of 'mo led e and exnerience,
Tne *2de daversity of i1aforation vhich rmst be tle nrodic-
tion engineer's, the :mowledge of nachine tools, the ability
to sunervise the desi n and use of the great hulk of access-
ory equinaent vhich 1s so frequently an elaost insurmountable
obstacle to any production nrogram, renaires many years of
rragtical ecucation., Of all tlie brenclies of engineering,
vell mnlified men are least available and consequently are
more 1m denend £aon roduction encineecrs.

The most that an Ordnance officer on a mroduction assi_n-
nent can hone to do efficiently is intelligently to admin-
i1ster a »roducltioan pro.rem  He .mst aemend unon civalian
assistants for the mass of en.ineerin, effort hach forms the
wjor nortion of such an activity,

I{ 15 undoubteoly recosnized thet the subject essined
to me 1s too commrehensive Tor any sia le indavidusl to dis-
cuss other than 1a tie nost reneral terms I nave, there-
fore, peen iastructed to confine this discuseion to Produc-
tzon In_ineering tooling up and Prow:ction of tie Rifle,

. Caliber .30, M1, There «_»in we liave a subject too videly
diversified for one person in a brief talk of this and
sdequately to convey essential informetion to e ;roup au-
dience, egpecially if they are not very intimately in con-
tret with the actual vorz,



It 1s really very nard to decide gust ho’ to et 1ato
tlig sabject 1a a manner calculated to hove a concrete sig-
nificance to you I do not vant to fall back unoa the old
standbys of toolin,, ncmely tools, Jigs and fixtures. These
hi)ldy essential accessories nean everythiny to tle tool
el mneer 2ad even rmore to aa oneratin; shon; to one viho
0es not live vith then every day, they sound very abstiact
snd intan, 1ble,

Perhans you vould like to have revicved the backpround
of the universal effort to nroduce & sem-outomatic rafle
for mlitary use, As you doubtless 'mov, a semi~automatic
rifle is one *hach, in contrast to the usual haad onerated
t,me, 1s sell-actuatia., derivin, pover for oneration from
e1er,y ceaerated by the nrovellant movder, There has neen
an 1ntense interest in this develonueat for tharty sears.
Iu every mejor novrer tiroasout tie vmrld, tre rost emnent
aras en,ineers have tent their efforts to the successful
desicn of a reanon of toas tyne, Zefore 197, Peul l'zuser,
rrobubly taes mosl saccessfal arms desi~ner ever '.novm, de~
si_ned and btwrlt a semi-sutomatic rifle, There are ia the
Crdnonce Jepartnent .ony .nodels produced at home and abroad
by the oest knotn aras desi_ners in the vorld, each one of
vhict hag 1ts novel points of i1aterest, fLny of these
1veetons had no chance of saccess but tncre are numerous
otnersg vhich micged beinyg comnletely successful by tre nar-—
rovest maren,

If you are interested in one of ine much discassed
Teatures of this type of weanon, the becic princinle of
self-operation embodied i1n any automatic weanon, I shall
review them briefly, i1:st there 19 the _as operated tyne,
as egemplified by tle 1 end otlhers, in vhich a portion of
lhe ernlosive gas 1s tamed off the barrel and caused to
act on & niston vhic'. tronsmits this amlied force to the
breech mechrntismn,

There 1g tre recoilinz Marrel tyne in vhich the
barrel 1s mer utted to ove rear ard, transn tting i1ts
energy of 1ecoil to the breech ection,

Yle hove tne blovbac: and retarded hlohock tynes in
haet tne breeca action 1s not loczed, o1 «c 01l; martially
loczed, end tre reorieord rressure of the no .der 18 amlied
directly to the face of tre “»olt to sctuate 1t,

Tnere are several other means of omerntin automatic
veanons but the tliree as . 1ven anove are most tyrical aad
Tidely used,
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One of tlie earl.icet  «d nest curlified deci_iers in
thig field vrs a Donich ea-aneer oy the 1wie of 3an, — 3
very evmronriate ae e for a gun desi_ner —- vhose efforts to
nroouce a e 1n-adtontic rifle orobahly dote bac't almost to
e sane meriold 1ler [suser *asg vorzin, on his desim, Of
course tiere .g 10 definite lastory of e these various
elforts rere 1ni1trated,

Yr, Seng's desion, one of the _irst vith tuuch the
Crdnence Deraritment worzed, vas re_arded a= seiry, & very
la_hly nromising tyne. In 1914, the Ordanence Departieat
purchased tio of als veanons, exmerinental models, of
coirse, and tested then extensively. Fron the standpoint
of tnelr oneration they vere almost completely succescful,
In tne aatter of smmearance ond adartability to military
Jaes, they 1ere not suitable, Later oa, durin’ tae World
Ylar, an arns eq, 1aeer for the Ordnance Deosrtient voriinzg
on this nroject reviced the des1 n of tue 3an,, <emi-
autonatic rifle 1n an attemt to moze 1t awantoble to mili-
tery use. .is eflorts 'ere not successial. IL-ter tio more
desins of tlis veamonn *ere coarleted *1tl tnc sme ovject
12 viev, taey Tere rot snccessful  Teca one of these va-
rious desl ms 1os very closc to the ~oal.

There have hesa L o ~reat obstacle~ 'hic: 'ivve re—
terded the success of these underteimin, s  Tne »rincinal
one *og tnat of materinle, It 1s really oalys 1in comer—
atively recent jears that the . enersl uee of rlloy steels
hes been recosnired g ood en. 1ieerin, nroctice,  For
gears vve did aot Mmool ¢lloy steels, for wns jeers
ofter they hecare mracticable, 1t ras not retarded s ood
en 1neerin; nractice to prescribe the1 (cnerall tarou hout
ea article of deciza

Te second ,reat sbstacle to the =mccessful desi m of
o gen-gutometic shoulder 11fle 1~y 1n t e clumsy ~ d un—
hang, ermcarcice Chica tor & lon, time vrog inevitable in any
desisn fa @ regult of the ieceacit, for tie rrincimal com-
woaent, the receiver, to oe extrerely lon,, in order to Loase
and cover over tne ucanl recincocetin, octior.  ‘ucn efiort
vas devoted to an attemt to reduce tne lensth of the re-
cerver cad toereby lead to theee desi e tie bhalanced and
symaetrical ammecrance vhich 1s egsenticl 1n any weanon to
have 1t nrodace a2 nleasin, msycholo.ical effect First
annearance 1n this iastaace, ag 1m nearly ever, other, has
been a prinerv considerefiol, I om 1naivicunl 1s not
nlezged valh the an-earance of a veapon, e .s aot, as a
ceneral rule, i1nterested in any other of 1ts cuaracteristics
That 15 a fundamential mg,ctolopical resction of the human
arsposition and 1t has sounded the death mell of more than
oae lony and costly « tteat to solve thie ~ronlem
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Wrale the effort to desin a <iccessful seni-sutomatic
11fle zrined & treiendous avount of i1ametus ac a result of
the World War -ad the ¢<no led,se ve gatned dury iy that con-
flict of tie fire norer and efficirency of automatic veanons,
you 1 ould perlans be 1ntereslted to learn that »rior to the
World War there vere ten taousand semi-automatic rifles of
the ! »ndra~on type, of Cerman desi,nn, vroduced 11 Gernaay for
"lexico., The lastory of these 1 eanons after they are sunuosed
to have reached Mexico 1s not ‘mown to me,

Durin, the World War, a tool en. ineer aad automatic ma-
chine desi ner, formerly with the 3rovm < Sharve Company and
later employed by several other concerns wrodacing fine tools,
heviny heard of the desire for such a weanon becane interested
in hie ability to nroduce a scnmi-autorzmtic rifle, This was
dr. J O, Garand, the desioner of tae .1 Rifle, He martially
nerfected a nooel throu.h his ovm efforteg i1n Jer Yorz City
viiich he later nresented to tne Durean of Standards in 1018,
The interest in tnis mroolem at thnt time was rather acute so
the Bureau of Standards emmloyed mim to pusn the develonment
along. At tne conclacion of the World var tuis activity was
turned over to tne Viar Denmartaent to be concentrated with
othier vork vhich they vere doin: of a similar natare. At

hig time there vere st least siy concurreat weanons of this
tyne being engineered at Sorinzficld Armory.

I'r, Garand was trensferred to Snring{-eld Armory in
19219 vhere e coatinued nis efforts to design a weapon to
meet the ever-changing requiremeats of the Ordnance De-
martment and the usin_ services., In the course of his vork,
he built and tested some g1¥ desi ns, includin, one of a
gmaller callber, before the musstion finally headea un to
toe noint vhere a selection could ne rade from anong those
various tynes available ir this countrs and abhrond.

During toe course of thet develormnent, the Ordnance
Demartment, in order to cover t.is field comletely, took
tio, anc the only tio, comercinll, uade semi-automatic
rifles of smortin. tymes and 1wde thea into mseuao military
tymes Tor test by the using service They vore not surtable.

Tie netnod set un by the Ordnance Demartneat for ade
ttan_ to test all wromisain, designs oF tlas tyre of mates
rial has been for rvite sone tine the nlan to announce a _en-
eral competitive test 1n vhic.. all commetitors vere invited
to nmarticinate, There have been t 0 such tests, one of which
vas held in 1213 or 1920, duriw, vhich there ' ere presented to
the Boara a rifle desi_ned by 'r Gerand, another desi_nea at
Snringfield Armory on the style of tne Ban. heretofore men-
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t1oued, a third desi_ned and presented by +hat vas 'mor as
tne U S aclaine Gun So many, a rather comletely en .neered
article of the ,eneral tyvwe of the lotchiiss, aad s foarth
desi,n nresented by the Auto-Ordnence Cornoratior, vroducers
of the Thormgor Sub-llachine Gun. The results of this test
vere not conclusive and nq selection vas nade,

Throu.h various ramifications, such as chan2in, tactical
recdirenents, the introduction of the celiber question, and
otaer considers tions of that kind, tre further crystallization
of thie nroolem dic not tace place antil 1928 vhen a ~eneral
-competitive test vas assin announced in tlach there was the
Garand .276, tne Pederson .276, a Czechslovekian Caliber .7,
a Geran tyre caliher .70, the Thomoson celiber .73, and the
Jong, agaia presentea by ‘r. Dang after rore tian fourteen
sears, You 111l realize sonetming of tue daif.iculty of this
wndertaliing vmen I tell ,oua that Mr 3an cone all the vay
tron Demmerk vith a comleted veanon ready to enter the test,
and ne faired one shot vaich resulted in the hreaa e of his
bolt, tne second nost 1mortaast comorent in the _un vithout
vhich 1t 1s coapletely unserviceanle, and hav.ng no snare
was obli.ed to vathdrer from the test and retarm to Denmark

1thout further arresr.nz in tae competition,

The outcome of this test eventu 11; resulted in the
selection of the Gerend Caliber .*0 Rifle, aov 'mo ' as the
I, Action vas immeciately 1mitiated for the Ordnarce De-
partment to nroduce a ~uantity of these .ans for estensive
cervice tests, Di_hty of them vere nmroduced by se- y
oroaaction, seni-toolroom met..ods 1a the odel Shon at
Sprin,field Armory under ', Garard's direct surervision.
At the completion of o successful scrvice teat, tlais reanon
Las adortea as a stanar1d tyne and »Hrovaction 's¢ 1aitiated
at Srrin fiela Armory.

The Armory at that time 'izs at a ver, lo. ebb, having
lived a bare nena~to-moutlly e<istence since 1913 vhen the ver
activity ceased There vas onl, tie barest auclels of ner—
sonnel en a_ed 1n sn re mart orders for tne old seivice rifle,
supnlemeated by the jobting orders for mac .ine ,un siare parts
and other odn orders vhica could ne obtained,

In adoa.tion, the greater number of the renaiain  old
ti1e key mea v ere reac..21; retirenect ae, consequently the
little Imo led e left 1a the hriory vas slo 1y disapnearing,
An extensive tooliy mrogran had not beea set un <ince the
first nroauction of trne 190% rifle in 1200, ailscouatins t'o
sell wro,rens on tae mistol and Denie lercier acrine Gun.
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The Armor~ adminietr-tion vas 1anediately confronted
v1th the necessity for setting uwn 21 1lmost nevr prodaction
anit  The order of procedure wes about as follol s:

1, To nrenare mroduction dravin s of tue article to
ve produced. In refereace to production drarinzs, I dif-
ferentiate betieen that type and preli-unsry or model room
dratia_s 1n "hach dimensions may be iven flatly ' ithout
toler 1ces being sowecificd, It 1s perfectly feasible to
use dravia_s thich shor no variation fron a flat dimension
1n o 10del room vhere itne de.res of accuracy vhich mey be
evpected sprroocues that of the (spe 1oxer's wractice A
nroaaction dre' 1a, mist be asn eatirely different reqaire-
neat, It 1s essential thot 1t be cerefully reviewed from
the standpoint of tane necesgsity zor interchan eable manu-
frcture, A1l dimensions must be exrressed vith a suitable
tolersnce so relcoted to every other dimension on a single
component zis to nold to a very definitely xnom relation
vhich mnay be exnmected to erist in each component and be-
tveen 1atin, surfoces of related commonents, A production
dra 1o, met be coneidered very carefully by a competent
en,_ 1meer to 1icure that all dimens.ons are nroperly -eas-
ureu fron certaia imovortant surfeces +hich serve as hold-
1n,, noints, or locating moints, vhile 'or< 1s 1n process.
As these locatia, moints ere machined away, suosequent op-
erations mst be dimeisioned from ot ier surfoces 1a order
to have the finisnea dinensions detinitely related one %o
another, other ige 1aterchan.ealility cennot be obtained.
This condition ney be clearly i1llustratea by the exarmle
of a drilled hole into vhich s ply, "wst be inserted. The
nrodiction nart havines the emallest drilled bols moct be
ler_e enou h to receirve the nlu acving, the greatest dian-
eter,

Je ioviae made wroduction draran s, 1t next becene
neces-ar, to detcraoite novr each comnonent of an assebled
article 1mg to be mrocesced., Thais L= norwmzlly called the
seraence of onesetions, Once navin, heen determined, the
rroceiure ag estohlished forns o ~roonction eurineer's
hitle =nom e the boogk of route sheets, Jach sten throw.h
tiicu e coonont rmast Lo from 1ts 1nitial omerotion to its
finie ed state 1e sho'm on the route sheet related to it.
The 1,9¢ of 1~tericl, 1te heat trestreat, ond a definite
seagarene~t of 1ts mh,sicel char cteristics mast be stated,
Tie ronte sncet .rust aleo saowv for esch omeration the manner
m vuach 1t siall Le mwerfornea, the t,7e of machine, fir-
ture nawer L en a fivtu.ce 1s rauired, fad the desicmnation
of tie ,a_es to be used to meassure the sccuracy of tle op-
erotion
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7 Boute sheets havin been nrernarea, 1t next became
necegsary to deternine the quantity of material that was
requared to cover a .1ven order The material vas then mlaced
in stock, this orocedure soaetir.es requiring several months
since all parchases of this nature are made on a cometitive
hagis aad consequentl, require the wsual meriods for adver-

tisenent, determinatioa of awvards, and times of delivery.

4, In the meantine plans ‘rere made to route 'ork 1ato
tlie nroduction shons, Thig vas cone by a unit called the
Production Control Section of tle Pl anir,s Division aand ' os
acconrliched by the 1ssuaace of orders to the shong for
nrocessing a definite numher of cownoizeats throuh all on-
eratio1s 1a such cuentities e« could he reasona™ly handled
1thout too -mch interruntion of tre flov of or'z, aliays

1t a1 eye to tas errivel of ~moro:iimitely the same queantities
of 1w jor comonents 1n the Assembly Ro01 to enable comlete
essenly to e accomlished, lsturally, tle cre-~ter the aum-
ber of comoaents in mrocegs, the 2ore commlex 1s the prodac-
tion coantrol provlem ot so long ¢ o at Snriag field Armory,
vicen the estahlishmelt vas not only nroducin,, the Garand
Rafle i1n gmell nasatities but also as carrying nany mis-
cellsneous parts oa a jobhiwy shon oasis, there were fourteen
thousa d < eparate si-orders i1an the mroduciion shons callin,
tor vorg on difierent ovweralioas vhich had to be accounted
for and scneduled by tue snon nroguction control.

The sub-orders also orescripe hovr ‘mch each sroup of
operations shall cost omd ho' many machine hours 1ay be con-
swaed in toe nrocess

Wwuile all tois preliminary tork as bein,. done in one

ection, anotaer vas ousy deter mwnin_ vnat the »rocedure of
manufacture vas to be, tre csnmacit, of the machines to be
used, nov the coasonents to be nrocessed were to he secured
and located in the holdin, firtures {or macnminin, oreretioas
Tanediotely ~lans vere sterted to 1o, out aad cowmlete desi ns
of =uitasle Ji_s sna fixluares to surort aand accurately locate
eacy commonent “hile 1t 1s 1w ats veriou~ etens of febricot.n.
In ~egeing, & 11 1¢ o gnecinl viee ges: mned to 10ld rorz in
orocess for drillia aad reamiq, orer-ticls, A 1ixfture 1s a
gneclal vise Tor holdin, vor. inile 1n nrocess of oeims nilled
or broacued A tool 1 enys hand of caittin: aevice used o
1em1ove 1etal or obv.er 1 lerial fro1 a nort in onrocess.

Cne ol t-e Tirst a.cessar,” ste-~s wefore he_inniqgz the
desiu of nev eraimie~l as to surve, £ very ler e cuaitbity
of mac.ane tool eicessorscs 01 hane, revioasl, ased in other
t,res of neruioctare. At Smri.Ti1elq Armory there vere rest
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quontities of tools, Ji_s, and fixtures vhich hed been used
for sears ia the wnufactiure of the 1003 Rifle and the manu-~
focture of machine sun marts, and those *hich hed been placed
in stors e here from *or time comnercial vlants  The neces—
sity for this suzves 1as to deternine the suitability of the
equinamcrt on hand to edant 1t to the manufacture of a new ar-
ticle for econoiicel end time saving reasons

The rportonce of these considerntions vill be uncer—
stond vhien ,ou aaderstand thet a meawon of the Caliber .*0 Ml
tyre has some tvo thousaad onerationg on 1ts various conpo-
nents and 1a general erch operation reauired - device to hold
the or'z, elLther o ji, or & fixture, a sool to cut the vorg,
pad a £n e to measurce the funiched orerrtion  There are,
therefore, 1n , eneral three i1tens of accessory ecvavment vwoich
st evist for cach omeration -- a 312 or a fivbure, a cutting
tool, and oac or ore (ofes  You may see, therefores, thrt to
srocess Lhwourh an article of this i,ve, tnsre - ould be re-
mitreq some {ave or cax thousand sener-te 1tems of accessory
equirmeat, esch one of comlicated and evnenzive desizn, and
eac! requiria_ many hours of desi™ time and tool room tine
for 1ts comletion The masnitude of tlas undertaking ma/ be
oroJd kit hone to aay ore by the statencnt made by one of the
lar_est and most evnerienced and best emquirmed loolin , concerns
in the country in consalting, vath Spriazfield Arvory on this
cuestion. Tneir estinate vas that roa-tly they vould require
tventy thousand hours of engineerins stud, to plan this wro-
duction anu tvo hundred thousand hours of en, ineering and
desi. n time to nremare the tool equi—meit necessary to begin
operation.

While t.e tool en ineers vere iaitiating and en ineer-
in, desi.ns of tools, Jics, and fixtures, the ve,.e desi ners
vierc be_in in, their studies of the necessary ga.e equipment
Gages are 1n o seise set amart from Lle other sccessory equip-
1ent.  In the first place, they waust be ertrerely accuratbe
Concequentl,, tuey remire very accurate desi,m and vorimanship,
desi m and or . ashin vy hich must be performed by esnecially
maliooC acr 'ho coirise senarate units both 1n the eng 1~
neerii, cectrol 1.d 1n the tool room Lot infrequently there
aast be tvo 1 oos {or one operation, one to sho  the -unimam
dimeaston e1d o to =hor tre maximum aimens.on

Ae £ e t90] en Licers 1 zre en. n ed on the foregoing
undertazin , twe cvii~ie T oseclion of the e aneering branch
surveyec tie wc.ane $ovle on hond 1o deternine their suit-
ability ror 1aci te use o o re  ~roliction mroolem  Quite
frequeatl, the tvere "Haaa to Me not caitaocle and nev equin-
adent vas revaired 4t Sprin Ticlu Aror, the machine lool



= e T 7 o

equimmeat on hand at the 1icention of sanufacture of the ML
Rifle had been inetailed at tne Armory for at least twenty
yeers, mach ot 1t rad been i1nstalled an? in use for thirty
~ears, aad sone of 1t antedated tne Cival War.,  The great
bulle of 1t vas equipned vith accessor; equinment desined

to manafacture the Springfield rifle; the balaace of 1t vas
equipned 11th migscellaneous tools and equinment desi.ned for
tae manufacture of miscellaneous i1tems of machine _un marts.
It vas a trenendous undertaking to survey this equapment, to
determine vhether 1t could be used in processing perts of the
aev article,

An important coneiderction vhich entered into this
study vas tlet of moderar7in ouar pethods, adentin, to them
the many nev’ processes of -achiniig 'hicn had cone into ex-
isteace in the last t enty years, nrocesces such as internal
and surface hroechia , formerly mersly e theory and a hope,
coining, wnstead of for 1ag end nachiniag for certain parts.
7 cownit , I mean cold formnz of shanss under tremeandous
pressires 1n dies siniler to those used for hot forging, It
vas shortly deterained that a great deal of new equimment
Vg necessary and desirable

It then became necessary to select tyres of machines,
to canvass tne marc<et and deterntine tnet these nachinee
vere available, to »remare smecificetions for them, to ob-
tain money for their murchace, to advertise for them, lo
select from those rronosed to he firnished suitable tymes,
to ma.ze avards and aveit deliveries, a lor: drarm out and
time coneiin, wrocedure, often extremely unsetislactory.

Tvere have beei some differences 1n molicy with re-
snect to clesses of unachines heretofore regarded as stand-
era 1echines ond taose classed as snscial machines  There
sas heen some quection of the advisab.laity of toolin, on
so—-called snmecial equimmeat  Some seers azo, before the
trenencous 1inetus ziven lhe machire tool industry by the
nroduction of automobiles, the tern "standard mechineg"
tas consldered to eibrace mixlling macnines, lathes of the
ploin and tucret tynes, rrofilers, drill nresses, and auto-
natic and hend scre r machines, In the present day of high
nroduction nethods, broacheg, multiple eutonatic drilling
and boriqz macluneg, automatic nrofilin, nacaines, and rany
other nevr tynes are nroduced i1n great quantities by meny
nanuizcturers and are considered fully stantard In fact,
a nroduction nrogram not tocled on tuem 1y not abreasst of
tne tiies.
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In this coniection, trere are some operations on tne
1 Rifle vhich rave peel referred to as imposcible or very
difficult. You may find 1t of i1nterest vo ot trat each
of these oner:tioas vas tooled by tne designer of the fun,
soetiies by the desin of a gneciel fixture, soietimes by
the colgtrction of & snecial nachine, In each instance
hese are the orerctions beins mroduced at the hi he«t rate
2ad T 1th tne least difficulty,

While equinment was bein, selected and nurchased, the
en_ineerin,, branch undertoo'r to »nl n for the installation of
equl nent 1a o nanmer calcalated to per it of economical
tlov of vor- from macuine to nachine and from shon to shop
as reful>ted by the size of the orders inpendin, and the
necessit, [or 'teemin, other worit in nrocess to sustain a
reasonalle vorkin, force, I refer to tne necessrty for hav-
in, a component o in to the first shon in vhich 1t was
1a1tially nrocegsed and then flow froam there 1a a Jogical
senquence fron operation to operation, 'rith the least handling
end the lea=t delsy, on to i1ls final o~eration and thence
to 1ts moint o. ilinal assembly. The dafficulty of plan-
ning that merticular rhase of such an uadertaking can
readily be understoon esweciall, then 1T was necessary to
start vith a gmall order amd torow worc into shops already
occunicd 11th other tynes of york, not necessarily floving
in a lo,rcal order. In plenaimge nroduction lines, the
1ovenent of nachinery; throughout a l-r.e nlaat becomes a
colossal wnderta-1n., especially vhen new arrangemeats had
to me made vhile other carrent nrocessing was kent in op-
eration. I .mage marticular reference to tnis tyne of »ro-
cedure for Srringfield Armory because tle usual thing in
startia_ a nev »nrodaction liane 1s to chut dovn or have
svallable s senarate vlant i1n 'hicn 1t ma, be nlanned to
nlece erther old or ne'r equapmeat, suitahly arran, ed to
provide for the ncoper sequeace of oncrrtions for nev nro-
duction effort,

Ia relerring to toolin, as a *hole, the usual concen-
tror at Sorin Tiela Arory of o 1t <aoald be accorplished
hae been that deeci_ms should e comleted and accessory
coarnuent frbriceted in our o a tool rooms. When you con-
tennl +te the numher of howrs of en ineerin. and nrocessing
time necessar/ on cccessory equinment, 1t 1111 be reslired
vhet =un ertretely _reav len th of ti1e is necessary to cor~
nlete o1l this vorc in one enrineerin_ section and one snop.
durt wernore, the effort is confined vithan oae (roup, re-
gultin, 1n the sarmlication of 1ceas and practices vhach
pernomng nave a0t ¢ent nace vith the mo-t asodern and best
mo'n metaods,

~1n.
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Tae production of the .11 Rifle began 1n a very modest
way, 1t .ained momentum surprisingl, throu.h unforeseen con-
ditions and 1s no’ aprarently vell on 1ts vay towerd a fairly
coprehensive nrosram., As a result of this, the War Demart-
ment has recently obtained additional fuads for increasing
1ts nroduction Upon receint of the aireclive to vproceed
nt!, the additional program, the plen vas formlated to call
1n the best known tool engineers of tne machine tool manu-
facturers, to nave themn st.dy the nroblem of retooling and
adlitional toolinz on this article. The 1dea behind this
was not only to expeditc and decentralize the vork of de-
s1zning end mawfacturing accessory equinment, but also to
obtain the very best advice and en ineeriny effort through-
out the country,

In the early snring of 17733 this retooling effort vas
started by calline 1a tooling ea xneers from all of the vell
movm organizations throu hout the country, obtaining advice
and 1viting them to hid oa lines of nechine tools fully
eournped =nd uaranteed to nroduce dec.,meted components at
a defiiite rate. As nreliminnry ¢ round ‘ork to this pro-
cedure, Soringfield Armory revieved each onmeration on each
comoonent of the rifle 1a conjunction viith the best advice
obtainabvle, ana reerron’ed the sequence and reduced the
number of oneratiors, scheduling them to be nerfornea in
combinations and on the most wmodern, hi. h wroduction ma-
chinery Parts to be comletely processed and parts to be
partielly processed v ere then frrmed out to commercial tool-
1ng coacerns for the summly of completely equirmed, ready to
onerate .machine tools The first of these groups of ma~
chines on the M1 Rifle 1s yet to be received and installed
for operation oat mractically the entire froun of components
has been ollocated to one coacern or gnother for the sumly
of equipment to nrocess tnem.

The areatest obstacle to tnis nrocedure has been the
necessity for nrocurinz on a counetitive basis since that
nprocedure requires a very great len. th of time for i1ts op-
eraotion In thal resmect, the War Denmartrent vas seriousl,
hendicanped over comiercial firms vho lsunch i1nto intensive
vroduction schedules. ZIae commercial concein waill very fre-
~ently select the macline ool manufrctarer to vhom he
vishes to allot certain portiong of las vork, he v1ll call
1n a renresentative of that firm and contract 1nth him to
tool the ;ob on a ;uaranteed pasis, he 1mll z2ive him the
"oo ahead!, and sovetines may a bonus for early commletion.
It w11l readily be seen t.at such a nrocedure, vhich may be
1nitiated *nthin a very saort vhile, hog a _reat adventa, e



over the system of placing orders on a competitive scheme
requirin. months of administrative ano enrineerig effort.

To 1llustrate "lat 1t hoped to accomplish by the im~
nrovement in tooling now in nrogress, 1t 1s expected thot the
1,170 machinang operations on the ML Rifle will be reduced
by half A comerison on onerstions of some imporfant con-
~onents as merformed at rresent and as they are contemplated
1s ag follors:

YACTIINE OPERATIONS OLY

Present e
Comonent “ethod 1{ethod
Receiver 104 31
Bolt 48 35
Follovrer 17 11
Hommer 13 3
Trig.er 10 8
Catch 14 4
Base 13 7
Gas Cylinder 34 26
Guard 27 20
Housing 37 24
Cn, Rod Assemnnly ead Handle 42 28
Slide, Follover 10 5

It 1s hoped unon the comletion of 4 e nresent Spring-
Tield Armor,” nro ram that vaith tne exce~tion of the shops,
vlac. ore not of 1odern constraction, e 1nll nave s Pro-
ductior set-un hic-~ can be con~idered as an outstanding
ererinle of moders wac ane tools and enuivment.
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*Ordunnce Produotion DATTionlties nnd Their Sclntiont
by Hajor Jomes T. Potcher, 0.D.

’ Tebrusry 20, 1970

BDolomel Milesr I think thet vetll be tempted to disssres
Wat Hayor Fabcher does kaow 5 1ittle more than the rest of us
about thi-~ particular eilbreet, One reasen for asking for this dallk
wag Lo give some ides of the multinlicity of th operstions end
events shich $ake plase in the produelion of o semi-anbrmatic

I3

rifls, .

;mgor Hotcher: Thic ong woint is onite interesiing and
ingenionsly dasigned ~ very interesting from the manner of ite
disassesbly  {(Dermoretrating dissssendbly of rifle.) %hen I wg
trying to renove this component n fov minutes ago that was the
firzt move vhich «e make in eiisaé%éem‘biyi This consists in pulling
ur this gusrd: th £ unlocks the whole thing and you 1lift out this
unsh o3 I axd then., 1t more or less f2l11s avart, rou might say,
atthyagh this one doesntt meesm to be., OF epurse, this 13 ope
of those things that doesn't work when wou want it to. A weroon
shruld be loogse and dhould rattle to be-a good overating run.

Iz there anythmg! further that I ecan tell you? Some of the clumey
appearances end the difficulties of making such » weapon in such
a2 form a5 1o please the sye will »e illustrated by this gun., This

is one of Mr, Bangls criginol ouns which he =207d to the Ordnance
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Denariment in 1914  ¥% has mm{ms%@ many times  It's form of
opsration is the actustion of a cap nlaced over the muzzle of a
gan which caps & certain pordion of the gesses as they pase oub
beside the gan  That a;i;i{m Is bransmitted beck to the breech,
This is the , gsemi-outomatic g - iﬁ%amﬁﬁing

to ug vho have o conend with this problem and who have worked
with 1% for many yesrs bepause it illustretes very well an ads
vanted sboagy Zﬁ:‘ the art at thet period of time - that was shout
1811, I thisk when this was produped ‘by/gexié&n 1t wag menue
factured 1n the quantity of at leat some 10,000 either in
Switzerlend op Cermany and was resscnsbly supcessful. It Justie
Tles iteslf but just disappesrsd in Mexlcs se many things do dus
to lack of system and ersanizatien, A
G »= T1a like to agk you a question ahont the mumber \

of parte in relstion to thely production. I've sobt the imgm%slez‘l
that a great meny phople ars a;s:?/%a orinion becange an ltem hag
a murber of parts thet 1s in&&éﬁ%ﬁ% of 158 simplicity in Tt

© Tacture. In wy personsl mp@ri?ame in manmufacturing as an
under«officer problems of prodichion and snglneeping -~ nol olong
the line of rifles « wo fount I‘fhy increasing the muwdber of perts
very saterially in the éﬁ%%i;;w, bresking it domn into o grester
nubr of parks - we gymﬁﬁy simplified manufneturs and greatly

) reduced cost and T $hink ‘thet is an imporbent thing to besr in
wind, The muwber of parts in iteelf is not sp indication of |
simplicity, I con gixré you & very good 1llustvstion. Yoke the a
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&i;%i«aim&fﬁ mount in = consy offonse and an siverafi offense
that was designed %o earty the trunafons <11 In one msce, Well,
thsb wes & very d47ffoult thing to machine md by meking the base
plate one pard, mk:mgj’ tha chie? é@pmﬁa pards, you oowid oll thenm
&1l togsther, 1% msans thel you can only work on thet pisce as
pne opsration of & tios wh&ma if you bresk it down you con caryy
on & Tot of fa@amﬁimﬁ sirultansously.

A v ?Jﬁaﬂa sertainly very trus, siv. Thers is a median
1ine whish hes $o be followed by using good Jodgment and good
sense, e hewe many 41lustrations of the clshorste designe which
not only ineresse the memufscturs of an srdicle bub is very upe
sconomiceal becsuses bthe plavesent of parde iavolves the &iffimmiass.
It resns monsy bo rveplace the merest 1ittle pert, 1% means %}mmiéy
amey a hundred dollare vhich might othervicd remmin in 3he %%Wﬂ«
Yous paovle tavre ‘i‘ﬁan for years ngm to produge things by hand
ond moke them very fine. They have never gob sven the high vro-
dnction idsa that prevalled in the United Btedes. This coused
ug to search foy ﬁ%}”:é wo ek &ﬁﬂm}iﬁﬁi wOY S

R %3@.,351* Hateher, %ﬁ what sxient in the manufacturs
of & gun of this & pe would Y bs foastble to adilet the ranufacture
of gsriain naids or sublet ’f;&;a gerdain steps In the ~wocemsing
to an outelde contrabtor, X*m not thinking so much of the Opdnance
Depertaent or the srsensl hut a wax«ti*ﬁ@ PLOSTeR.

A we Th's verfectly feasible - ns a mabter of fast, ws do
it right now. This spring which is roally almost the height of ihe

- G ow
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we ﬁmﬂl bevense it actuates the weapon in one direction, it could

: Co
mﬁ*&i be prodused. Mr, Barvand proceeded to draw the wire and

make the springs himself and then we got Walleee Bernes, specinlist
m ;\@riﬂgg, and $hey sald they touldnft male that, So ¥r. C%.t‘an&
gaye then his winding fixture, big drawing machine, and now they
produce sbout elght thoumsand and sre gesrebing for more. This
little short sprine is furnished from the cutsids without any
di£iculty and in slmost any quanbity required snd they want the
business. The only thisg you bave to gusrd apainst in such &
progvem a5 this iy to supervise their activily in such & way ihul
they 'ma meke the parts within the drawing; that goes without
saving but 1t isn't alweys easy to do, We captt Qo it cursclves.
{} =~ Have any cusnbitebive estimstes been arrived ab
as to the effect of this rifle on the amrunition progurement and
ply?

) A -~ Yog, When we Tirst adopted a breech losding son
and the mizzle losding gun onw of the serirms problems teken into
conslieration was the susply of emmunibion. There was quile a
a\fatarm that madndained that cmmunition could not be supplied but
W;ﬁl& all be shot wps The same problem hag been presented each
time we have changed the weapon. It was quite a facgor when we
wen%.u into the use of machine gung btut the spmunition Las always
gotten there in our past experiense and it will get there in our
Toture experience, There have besn some amsdyaes but I'n nob
prepared to give you pertisulars of then, Does that answer your
question,

g - I the smounition reguirement going to be thoreased?
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' &N‘m Ho one knows ontil we go inlo srmed conflict, Thers
ave various opinions on that mibjest. I thisk it will not increase
over twandy-five per oent, if that much, simply becouse men don't
nstially shoot at nothing. I'n nol spesking from my little experience,
They don't fire sway smmunidion ab nothing ih spite of what they
gay sbhout green troops and all that sort of thinmg, TYou gentlemen
who know realize that targete are starce like they are in decre-
mnting, You just walk along looking for one, Thersts a polnd
1 want 16 wention here. You will obsérve the ledge of this
component. This can weke or brask the zun and it made this gun.
?he Jength as cumpared to M. Bang's weapon is conziderable, Hr,
ﬁﬁﬁ;anﬁ used a great amount of ingenuity and went on to a tremendous
amount of trouble and consumed a great amonnt of time in compounding
that one thing, As I mentioned & bit ago it hag been one of the
‘;iéza asbest cbstacles Lo the sucoessfful completion of such a wespon.
f#s hag drawn this progrem oul by many yesrs.

Colonsl Miles: Any questions or remarks by any of wr
Ordnavce Department vi_sﬁ*ﬁars?/%;;ant to mention the vast amount
of work entailed by adopbing o new weapon , the trsmendous amount
of production study and chenge of produetion design to produce
the new weapon., 1 think when you understand that there have been
peopie priticized for not accomplishing something faster with
two thoueand jibs, 2000 gemges, 2000 tools for one rifie that
welghs nine and one half pounds, you can gee the magnitoude of the
wroblen,
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Qolonel Miless - I think we are greatly indebted to the
ghiel of Ordnance for permitiaing Magor Hutcher %o come here and
we pbe greatly indebled to Major Habcher himeself for the time and
%ffm;ﬁ which he must have put inte the preparation of this paper
and 1 can assure you that slthough the menufactere of such a wespon
is an intricabe proposition, frequently it is more difficull for
2 mon of Hejor Hobcher's practical turn of mind lo turn arcund
and write as inberesting s poper and ae conclusive a paper as he

hag presentsd this morning.



