
TBI] A~'IY IZTJSTR!AL COLLD3E 
Washlngton, D C, 

Course 1933-ID39 

~ PqODUCT!O T DIFFICULTIES 

by 

~la]or James L, Hatcher, O. D, 

AIC 175 (21221S9) 12 ar 

2ebruar~ ~0, 1929. 



0~qDYA ~CS PqODUCTIO~. DI~iCVLT!ES 
ALD _~I~ SOL~JTIONo 

The subgect of thzs t~In as zt ~has oeen ~mnoo_nced to you, 
mf comprehenszvely tre%ted, vould embrace a very oread fmeld 
of mnfornatzon -- Ordnance Productmon Ihff~cultzes and thezr 
Solutzons, There are, of course, many dmffmcultmes and they 
exmst largely mn preportmon to the activity of the Ordnance 
Deport~ent, Stance ,nu_n~tmons prodact~on and su~oly actmwtzes 
}~%ve been steaazly zncre~szng for the p~st several years, our 
productmon troubles l"mve also been ±ncreas±qg tho~<h as great- 
er experience ms j~mnea by the ainmnmstr~tlve and shoo unmts, 
azff~cult~es ~r~i~]i/ beco ~e fe~er. Obstacles and unfore- 
seea del~ys~al ,ays go ~ ith accompllsh,]ent -~ ~lthout them 
nothing ms done 

You wx] i do~btless mnderstand that 0rdLo~nce of f racers 
car~%ot pretend to be prodactmon er~neers. Frequent!# ,hen 
the2 do attc~not to be proaactlou spec~aLsts, the results 
~re dlsaT~nolntml%~. P~oductmon ~nglneermnc ~s one of the most 
exactmng and dlff~calt brau%ches of the techn!cal sciences, 
ca!lln£ for a ~qetmculou~ degree of 'cno~ ledge and exoer~ence~ 
Tnc ~ ~de dlvers~t# of mnfo~tmon ,~h~ch must be the r, roduc- 
tlon en~mneer~s, the~%ov~led<~e of nachmue tools, the ablllty 
to suoervmse the desm~ and use of the great bulk of access- 
ory equ~o~ent v,h~ch ms so frequently ~n el~ost ~nsur~ountable 
obstacle to any productmon ~ro~Tram, re~amres many 2e~rs of 
~raetlcal e&ucatmon. O± all i~e br~nches of en~Ilneerlng, 
~el! q~u%llf~ed ~nen a~e least avallable and consequently are 
more ~n demand ~ aonj redaction engineers. 

The most theft an O~(h~=nce of±zcer on a oroductlon assm~n- 
uent can hooe to do efflcmently is !ntellmgeutly to agm!n- 
l~ter a productmon program He ~qu~t c~e~end uoon crave!man 
assmstants for the m~ss of en-mne~r~nb effort hmch for~s the 
na3or oort~on of such an activity. 

It l~ ~rndoubte~ly ~eco~Tnlze~ t~t the sub3ect essloned 
to ne Is too couorehenslve for any sln le !nd1~Idu~l to dins- 
cuss other tb~n in tl e ~o~t Leneral terms I ~ve, there- 
for~, oeen instnlcted to confmue tbms dmscus~lon to Produc- 
t~-on Enomnee1~mng toollng up and PIouuctlon of tl e ihfle, 
Callber .~d3, i~l~ There ~mn ~re !~ve a subject too ~mdely 
dlverslSmed for one person in a brmef talk of thins klnd 
adequately to convey essentmal mnformstlon to s Lroup au- 
dience, e~opeclally if they are not very intlm~te!y In con- 
t~ct ~;ith the actual ~,orz. 



It ~s really ~erj ~mrd to dec~de 3~st he, to et mnto 
tL~s sabject ~n a ~qa~%~er calculated to l<~ve a concrete slg~- 
n~f~csnce to you I do not ~,snt to fall back unon the old 
stqndbys of tool~n~, m-~ely tools, D~gs and fixtures. These 
h±o]Ay essent~s] sccessor~es nean everyth~nc to the tool 
e~ ~neer and even more to an operat!ns sl~.o~l to one v,ho 
.oes not l~ve ~%th tLen every dsy, they ~m~%d tery abstract 
~nd ~nt&n~ ~ble. 

Perloans you ~,ould l~ke to nave ~ evieved the bad~f~rmmd 
of the ~.]versal effort to ~oduce a sem~-outo,uatlc r~fle 
for n~.!itsry use. As you doubtless ~mo~ ,, a se,~m-autonstmc 
rzfle is one ~ h]ch, ~n contrast to the u~ua3 hs~d o~erated 
t~-~e, ~s self-sctuatL%, der~v~% po~'er for ooerst~on fro~ 
e~c~\~y senerated by th~ ~rooel]nnt no~,dero There has oeen 
sn ~ntense m~tcrest ~n thm~ develoo'~ent [or thmrty jears. 
In every me3or ~o~,er t-~roa~hout t~e ~,o~Id, tre most en~nent 
~,~s e~omncers ]~ve tact their efforts to the successful 
design of a, e~oa of tn~s t~e. ~efore 19@O, Psul i%user, 
~rob~bly t~e most s~cce~sfal arms des~fmer ever ~mo~r~, de- 
zkned and[ built a sem~-automat±c r!fle, There are in the 
Ordnance De~)art~ent man2 models prod~aced at hone s~qd abroad 
by the oest known ar,q~ desk~ners ~n the ~ orld, each one of 
v4~cl hss mt~ novel po~nts of ~aterest, ~my of these 
ee~ons l~d no ch~n%ce of s~ccess but there are nttmero,&s 

otncrs ~'h~ch mloted belng comoletely successful by t~e nar- 
ro~,est marsln. 

• ~ yo~ are interasted ~n o~e of the m~ch d~c~sed 
featares of th~s type of weanon, the b~c p~ncln]e of 
self-oDerat~on embo@~ed ~u any automatic ~,"eanon, I shall 
rawew them briefly, F~st there ~ the oas opersted type, 
as exempli_+med by tLs I sad others, ~n ~,lmch a port,on of 
the e~los~ve gas is t~ned off the b~rrel and csused to 
act on a p~ston ~'h±ch tr~nsn~ts th~s ao~l~ed force to the 
breech nec]~on± sm, 

There ~s tfe " reco~Ino barrel t~-oe in ~,hlch the 
barrel is per u tted to move rear, s,d. trs~a~ tt!nL Its 
energy of ~ecoll to tl,e breech sctlon, 

'le here the blo~,bsc~ and retarde~t blo',boc~ ty~es Cn 
hlc~ t,m breech actlou Cs not loc~ed, el ~c oil~ ~altlally 

loc~ed, ~nd tpe reer~rd ~ressure of the pc ,der Is aonlled 
dlrectly to the face of the bolt to sctunte It. 

There are several other memns of o~e~tlu ~{~to~at~c 
, es~ons but the tlLree as ~ iven aoove are ~ost t~-nzcal and 

idely use~. 
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One of the ear]~eet ~ ,doest o~&~Imf~d des~ ~ers ~n 
thins f~e]_d ~,rs a Ik~n~!, e~31ueer o2 the ~s ]e of ~n~ -- 
vcr~ ~proprlate n~ ~e for s ~m desl ~er -- ~]±ose efforts to 
nroouce a se ~-aato ~at~c rifle orobably dote bac~ sliest to 
t'~ sane nerved ~ he~ i~euser ~ ss ~,or~n~ on his desm n, Of 
co~rse t ~ere ~s qo definite L~story of ,._~eu these var~oas 
ef~ errs '~ere mn~tlsted, 

r. ~g's des~,n, one of tLe _~rst ,~th ~'~ch the 
0rdr~o~ce De-artifact woz~ced, ~ as re~arded a~ oezn~ s very 
!,mol~£ Dro~s~ng t~oe.~ In 1914, the 0rdLns~_ce Departne,%t 
purchased t~o of his ~ea~ons, experimental models, of 
co~rse, and te~ted then exten~ve!y. .~ron the standpoint 
el their enervation the$, ~ere almost completely successful, 
in the ~ztter of ,~earaace end ada~tabml!ty to m~lltary 
ases, tl~e~ ~ ere not suitable, Later on, du~±nj tn~ Worl~ 
~ar, ~.~ arms en~ ~neer for the Ordnance Deosrt ~ent ~ork~ng 
on th~s ~,ro~ect revlsed the de~ n el t~e B~ ~em~- 
automatic rmf] e ~a a~ atteu~t to m~,~e ~t ,o~aotsble to ~l~- 
ter~ use. H±~ effort~ ~efe not s~sccess~!. L~ter t~ o more 
desl ~ns of t~ ~ ~,ea~oon ~ ere co~leted ~ it!" tnc sn-~e ob)ect 
~n ~v~ew, t~ey, ere sot succes<fui Z~cn one el these va- 
rious desz ~s ~ ss verj close to the ~oal. 

There bare been t o ~_~enb obstsc!e~ ~ h~ch ~ve re- 
tcrded the success of these u_ndert~kmn~ s Tue ~r~nclnsl 
one ~ ss tnat o~ nater~nl o. It ~s rea!~y o~_i~ ~n co~nsr- 
atmvely recent )ears that the ~ ener~l ~e of alloy st~eels 
has beeq recoo~zed ss ~ ood en.'~eer~ ~roct~ce. ~or 
years ~e d;d not ~no ~ of ~]!oy steels, ±or ~uj ~esr~ 
after they %ecn,ne ~sct±cable, zt ~ss not re~arded so ood 
engineering ~ractmce to prescribe the ~ ~ ene~sllj t~oo~ bout 
sn article of decmgn 

_mhe secoa(l ~reat obstacle to the ouccessfu! aes]~ n of 
s se~z-auto~otzc shoulder ~i ~] e l~j !n t e ch~sy ~ ~d un- 
hs~nctj sp~car~ce ~ hlcn ior a lon,~ tz~e ,'-s ~nevltab!e "~n sm.y 
design ses result of the ~ece~szt~ for t~e ~rlncTnal co~q- 
noneot, the receiver, to oe e~tremel$ lon~ ll~ order to hoa~,e 
s~d cover over the us~l recmnrocct~n~ cctzor. ~ucn effort 
~as devoted to an attenot to reduce tue length of t~e re- 
celver and tnereb2 lend to th~e desz us t ~e ba]a~ced on8 
s~u~et~ ~cal a~oearc~uce vd~Ich ms essentms! mn any ~e~non to 
have it nroctace a pleaslu~ nsycholoomcai effect First 
a~oearance ~n th~s masts~qce, ss ~n nearl~ everj etcher, has 
been a orlmer~¢ consideration, if sn ~nam~ol Is not 
piesse@ vmth the a n~earance of a ~reay~on, me ~s not, as a 
oeneral rule, ~uterestea in any other of its c,~arac, ter~stmcs 
~!hat ~s a i~@m~ental ns~c~_~o!o~mcal reaction el the human 
a~spos~t~on and zt has sotu~ded the death ~e]l of ~ore than 
one lon~ and costly ~ tte qpt to solve this nroole~ 



~fI'ol e the effort to desm~jn a o ~ccessful se-~i-~utomstmc 
~f]e g~ned s tremendous auouut of ~m~etus ao a result of 
the ~[orld War ~nd the ~no ~ledje ~e gazned dar~ ~g that con- 
fl~ct of the f~re ~o'er sn(t efficiency of automatic ~,ea~ons, 
you ~ ould perLa~s be interested to learn tD~t ~,rior to the 

. World Vsr there ~ ere ten thousand semi-automatic r~f!es of 
the I )ndra~on t~oe, of Oennan des~ u, ,,roduced ~% Germany for 
~ex~co. 7he l,~story of these ~ ea~ons after they are suo~osed 
to !~mve reached Mexico ~s not knovn to me. 

Dur~n~ the Worl#~ ~ar, ~ tool en~ mneer and automatmc ma- 
chine des~ouer, formerly w~th the Dro~m d Sharpe Comnany and 
later employed by several other concerns orod~c~ng f~He tools, 
~mv~ng heard of the deslze for such a ~eamon bec~ue ~nterested 
mn h~s ability to oroduce a sem~-~utonatmc r~fle, Th~s was 
~r. J C, Garand, the designer of the ~l Rmfle, He part~ally 
Derfected a noael throu~.h hms ov~ efforts ~n ~e,, Yor< C~ty 
wn~ch he later ~resented to the Dureau of Sts~dards ~n 1918. 
The ~nterest ~n tn~s ~roolem at that t~me was rather acute so 
the Bureau of Standards employe~ n~m to pUSh the develooment 
alonc. At the couclao~on o± the WOrld Wsr tn~s act~wty was 
t~rued over to the Var Deoart~ent to be concer~trated wroth 
other v or~ ~h~ch they vere do~nj o± a s~m~lar natare. At 
th~s t~e there were st least s~} concurreqt weanons of t~ns 
type being engineered at Sor~n~f~cld Armory. 

Vr. Garand was transferred to Spr!ngf~ eld A~nory ~n 
1919 where ~e continued n~ effort~ to des~n a v,eamon to 
meet the ever-clmng~ng requirements of tLe Ordnance De- 
nartment and the u~n~ serwces. In the course of h~s work, 
he bu~] t and tested so~e s~z ~es< ns, ~nclud~no one of a 
s~]aller caliber, before the ou~st]on f~nally headea u~ to 
t~e ~o~nt ~ here a selects, on co~_Id oe ~ade from among those 
varzous ty~es ava~iable %n thzs co~try and abroad. 

!llr!nj the course of that develo~meut, the Ordnance 
De~art~eut, in order to cover t.~is fleld co qoletely, took 
t~o, an~ the only t~'o, co~nerclnl!~ uade se~l-automatlc 
r!fles of m~ortzn~ tunes ~ud ~sde t1~em Into nseu~o mzlltar# 
tj~es for test by the usl~%o servlce They ~ c~e not sultable. 

T ~e l~etmoa set u~ b~ the Ordn~nce De~rt~e~t for ad- 
qlttlu~ to test all ~roml~In= desloqs of thls type of mate. 
r~ai ha~ been for ~t~te sone t~ne the elan to armonnce a oen- 
~r~l comoetltlve test In , hlc~ all comnetltors were invlted 
to psrticipatc, There have been t ~o such tests, one of whlch 
was held in 1919 or 1920, durluL~ vhlch there ~ ere presented to 
the Boara a rlfle deslo~ed by T~r Garand, another desl~ea at 
Sprln~leid Armory on tl~e style of the Bsm~ heretofore men- 
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tmo.~ed, a thzrd deszj~ed and [,rese.~ted b 2 ~hat ~,as '=ao,~ as 
the U S ~'ackzme G~m. Co ]nany, a ratI~er completely en .neered 
artzcle oi the ~ener,~l t~oe of the lotcl~z~,s, stud a foarth 
desz~ ~resented by the Auto-0rdnsnce Corooratzo~, ~roducers 
of the Tnon~sor Sul>IKschzne Gun. The results of th~s test 
ere aot conclusive and mq select±on ~,a~ made, 

Through varzous ra ~zfzcatzons, such as cl~onsznc tactzca] 
reoa~rements, the zntroductzon of the ce!mber questzon, sa~d 
other conszderr tzons of t.hat k~na, t~e further cr~/stall~zatzon 
of thzs oroo!em dza not t&:e place an~zl 1'328 when a ceneral 
-competztzve test v,as asazn announced zu , Lzch there wa~ the 
Garand .276, the Pederson .2,?6, a Czechslovrkzan Cahber .%0, 
a Get Jan tyfe calzber .20, the Thomoson c~izber .~9, and the 
3an= abazn presentec[ b~ 'r. Z~qg after more t mn foarteen 
gears. You ~ ~i! realmze so]etnzug of t~,e dzlf~c~zltg of thzs 
undertakzng ,,men I tell joa that Hr 3cd~. cane all the ~ay 
~rou Demnark ~,zth a co~leted ~,eanon ready to enter the test, 
and me f~red one shot ~nzch rem[Ited mn the brea.~a ~e of hzs 
bolt, the second host z~nort~nt cohoo~ent zn the o~ ~,~thout 
~hzch ~t ms co~plete!y unserwceaole, and D~wug no snare 
was oh] ~oed to ~,z bh£ra,' fro~ the test and retaru to Dem~ark 
'~thoat further ar,~esr~n& ~n the competztzon. 

The outcome of tLzs test eventu l!~ resL~Ited zn the 
selectzon or the C~ors~d Cahber .20 R~f]e, no~ ~ao ,,~ as the 
I~l. Act~oo ~ as ~mmec~ate]y zumtzsteo, for the 0rdo~uce De- 
partment to ~roduce a ~uantzty of these ~,tns ±or e~tens~ve 
service tests. _El hty of the~ ,, ere produce& by se~i- 
oroeactzon, se';~z-toolroom met..ods zn the odel Shoo at 
Sor~nofzeld Armory under ,r, Garr,~d~s dzrect sa~erwszon. 
At the comoletzon of" a successful scrvzce te~t, tLzs zea~on 
,,as ado~,tea as a stazm~zd tyoe and pro~,actzon , as ~nmtzated 
at S~r~nofzela Armory. 

The Az~ory at tLat tzme ,rcs at a ver~ io, ebb, havlng 
llved a bare nena-to-mo~tl~ e<istence s~nce 1913 ~ hen the ~,sr 
sctlvlt~ ceasud There ~as onlj tz_e barest nuc[eas of ~er- 
sorL'~e! en &~ed zn SID~ re hart orders foz the old sezv~ce rifle, 
su_D~!eme.~ted by the job%zng orders for mac ~zne ~an spare ]parts 
and other od,~ orders ~ bzc.~ could ne obtazned, 

In a~q~tlom, the greater nv~mber ol the re~al.~ino old 
tl,~e key ~en ~ ere rcac~_~_~S retzreme~t aoe, conseqtlently the 
llttle imqo, ledbe !elt zn the Armory ~ as slo, I~ dlsapnearlng. 
An e~tens~e tooll~ a ~ro~re~n l~d not bee~ set Lm ~ince the 
fzrst proGuctlon of t.,e 190Z rzfle in 1900, r~iscountlng t, o 
snell oro~re~s on the n~sto! and Beuze I%rczer acetone Gun. 
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TLe Av~or-, ~dLm~nt~tr~t~on was ~ aned~atel~ confronted 
~ ~th the necess~t~ for setting uo eq ~inost new production 
an~t The order of procedure wee about as fol!o~ s: 

i. To ~re-~sre nroduct~on dra~'In s of the article to 
be nroduced. In reference to pro~ctmon drm~ ~ngs, I d~f- 
ferent~ate bet~.e~n that t~pe ea~d prel~-~nr.ry or model room 
@ra~n s In ,d~ch dlmenslons m~ y be ~ve.% flatly ~ Ithout 
to!er %ces being specified, It is perfectly feasible to 
use dra~'~k~s ~ h!ch she ,~ no var~tt~on from a flat d~mens~on 
~n e ~odel room ~here the deoree of accuracy ~h~ch may be 
e}mecteC eD~ro~cLes that of the L~s~e uc~[er~s ~)ractlce A 
nroaactlon dra' in~ nrast be ~% entirely d~fferent reqalre- 
nent. It ~s essential tl~t ~t be carefall~ re~ewe@ from 
the %b~dpomnt of the neces%~t~ xor mnterchar~eab!e manu- 
f~cttu~e, All dlmen~lons mu~t be expressed ~th a su!table 
tolerance so reldted to every other dm~ens~on on a s~ngle 
component as to i~old to & ver~ def~n~tel2 icno~m relation 
~h±ch may be expected to eTlst in each co~qponent s~qd be- 
t~ een ]~tmno surfsoes of related co nnonents, A production 
dra '~no ~ust be con~-mdered very carefaliy by P~ co'npetent 
en~ zueer to m%~mAre tlm~t all d~mens~ons are ~roper!y neas- 
are~ fro ~ certain ~moortant surfaces ~h~cn serve as hold- 
in b points, or locat~ng oolnts, v,hl~_e , orv is In process. 
As these loc~t~n o points are roach!ned away, suosea~ent op- 
erations ~ust be d~me%s~oned fro,~] ot ~er surf~ees ~n order 
to imve the ilnz~ne(~ dlme~sions delzn~tely related one to 
another, othe~ ~se , ~ ~ , ~ ~ ~ntercn~u%~ea<lamt? cannot be obtained. 
This condttlon he2 be c]early ~l]nsbrstea by the e~n~le 
of a dr~lled hole ~nto ,~]uch s pl~\ ~u~t be ~nserted. The 
Drod~ctlon ~)art hsvln~ the ~nsllest drl!Led bole ~noet be 
isroe enou~ h to recelve the n!~< ~: czqu the greatest dlmn- 
eter. 

Ii~vi% ~nade ~ro~b~ction dra,~n s, it ,~ext bece~e 
neces-ar~ to ~etc~u~e ~o~ each co~ooncnt of an ~sse~b]ed 
art~c!e ~"~s to be ~rocesoed. T~l_q i~ sor~e~l!y cr~l!ed the 
sequence of o~cr~t~ons. Once uawn~_ been deters±ned, the 
~roceiL~re ~s cst~h] i~hed fo~ns co ~ro~uctlon e~Jcineer~s 
blb!e norm a~ t~e boo~< of route sheet~, Each steo tbrou~_~h 
~ic~ e co ~ooucnt nu~t ~oo fro~ xt% iultlal o~er~tlon to Its 

f!ui~ ed state io sho~ on thc route s=eet related to ~t. 
The t~ ~e o± ~ter,c\, ~ts heat trestnent, and a definite 
~e~sartne~t of zts oh~slc~l c]~,z ct~r~ stlcs mu~t be stated. 
The route sncet must also ~no,, ~ for eoch onerstmon the mnnner 
~n ~_~ch ~t sl~il .e oerfozqea, the tj,e of machine, f~z- 
ture n~,~)er ' ~eu ~ fm~tu~e ~s rc,,u~reS, and the de~ot~on 
of t~e ~<es to be used to measure the eccurac~ of tLe op- 
era t i on 
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_Route sheets havlng been prenaree, it next became 
necessar7 to deterulne the qu~<ntltl~ o! m~terial tlm~t was 
reojured to cover a o~ven order The ~ter±al ~'as then n]aced 
in stock, this oroce4ure so,~etlnes req,~iri~g several ~onths 
since all parcf~ses of this nature a~e ~a~le on s co~etltlve 
]msls and consequentl~ require the usual Derlods for adver- 
tlse~e~o~, determination of s~wards, and times of delivery. 

4. In the ~eantmme Diana ~,ere nade to route ~ ork into 
the oroductson shorts. This ~as cone by a unit celled the 
Production Control Section of the PJ nnmrj Division and ~ ss 
acco~m,h~hed by the ~ssua_~oe of orders to the sho-os for 
r, rocesslng a defi~_~te num~ber of con~osen~s thro~£oh all oD- 
era~!o~s i~ such ~orntitles 8~ coul~ be reasona~qy l~nndled 
ithou~ too -~ach_ ]nberruntion of t'~e Iio~ of o~, ~l~a2s 
it su~ e2e to the srrlve] of oporo~ ~ mtely the same qtuontltles 

of ~s ]or co ~ooneuts in the A~senbl~ ROD ~ to enable conol ete 
ssseoo]y to ~e acco~nllshed° 17eturally, the gre~er the num- 
ber of co r~onents ~n orocess, the qore complex ~ the pro~c- 
tlon control problem ~ot so lon(7 s o at SDrln~fleld Ar~nory, 
when the e~tablls~zne~ ~as not only orod~cln~ the ~ r~nd 
Rifle in small ~,as~tltles but also as carrying uany m~s- 
cell~neous parts on a 3obS~i~ ' shod o~si~, there ~'ere fo~rteen 
thousJ~d ~ eDarate st b-orders In t!te D~oduct~on shoos call~%~ 
ior ~'or~( o~ diT~erent oLsr~{tioqs ~d~ich i~i to ~e accounted 
for e~d scheduled b2 t~ie snob oro~uctlon control. 

The sub-orders ~iso prescr~0e ho~ ~ uuc~ eac~ group of 
ope~_~t~ons shall cost 8ud ho~ man~ ~ach!ne hours say be con- 
8~Laed in tne ,orocess 

]?nile all tnls prel!mlnary ~ ork es be!no doue in one 
section, snottier ~Tas ous~, deterunz_~ ~,:~st the nroced~re of 
manuf~cture ~ as to be, t~e csnaclt~ of the machines to be 
used, no ,~ the conoonents to be nroce~sed ,~ere to be secured 
and located in the holdm~ fi>-tt~es for aacnln!n ~ o~erstlons 
l,m~edlotei~ ~isa~s ~ ere started to I~ out a_s~ cos~olete des<~ns 
of ~ulta s] e jios an~ ti~t,~res to su ~-,ort aad accurate!~ locate 
eac1~ co~oaent ~h±le it is lu its vs_~iou ~ ote~os of fabricating 
In ~ess!ng, a ]~ ~s ~ s~ec~o! v~e Des! ~ed to hold ~ ork ~n 
~rocess for ~ril!i~ and resm~i~ o~e~-tzo~s, A ~ture ms a 
s~ecla! ~!se for ho!d~uo ~or, ~ <m]e i~ ~rocess of oe!nj hi!led 
or broached A tool ~s snj klud of c ~ttln£ o.ewce used to 
~enose setal or ot.ez s terlal froa a nrrt in ~rocess. 

One of t~e first n~ces~arj ~te~s before beoinul~ t1!e 
desl~n of ne~' e~dlmne~t as to ~rve~ s verj l~r e OIA%n~L~ 
of nac_~Ine tool sccessor=cs o~ Pm_u~, ~revio~sl~ ased in other 
tj~es of nsrtu~ctoa~e. At S~Ii~oflel, t A_ruo1$ tL~ere ~'ere great 
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quantities of tool~, 3~ s, and fmxtures ~hmch had been used 
for years ~n the mnufsct,Lre of the 190S R~fle and tree manu- 
facture of machzne gun ~srts, and those ~ h~ch hod been placed 
~n stor ~e here from , ~r t~me conmerc~l plants The neces- 
sity f~r thus survey ~a~ to deteru~ne the su~tofo~l~ty of the 
e~u~Dmo.~t on !~nd to ef~nt ~t to the manufacture of a ne~, ar- 
ticle for ecoao ~cal sad t~me sawng reasons 

The ~rmrtonce of these cons~de,~t~ons ~,~ii be under- 
stood ~4mn ~ou &~@erstand that a ~e~oon of the Cal~ber .,~O HI 
tyr, e has so~e tvo thousand onerst~ons on rots various conno- 
nents end mn gener~,l each operation ~e~u~red ~ dewce to hold 
tl~e ,~o~k, e~ther s 3~ or s f~xttLre, a ~ooi to cut the vor'~, 
and ~ ~ e to nea~ure the f~n~hed o~erst~oa There are, 
therefore, mn ~ enera! three mtem~ ol accessory eou~ment v,n~eh 
nust owlet for csci~ operation -- ~ 3~ or a f~ture, s cutting 
tool, stud o~qo or ~ore ~a~es You may see, therefore, tl~t to 
~roce~s t~rott%~ an artmc!e o ~ tbas t~e, tnere ~ ould be re- 
~ilreo~ sone five or slx thou~sa~d se~er~te ~tems of accessory 
equ~,mcqt, e~cb one of co~nl~c~ted and e-~oeus~ve de~n, ~d 
eac] requ~r~m many ho~Lrs of de-c~ t~me and tool roo~ t~ne 
for ~ts com~letmon The ~c~tude of thus undertakzng may be 
orou~ht hone to an~ o~_~e by ~he stsbencnt made by one of the 
lar<est and moot e~-oer~enced and best eq!~uoed toohn~ concerns 
~n the country u con~a!t~r~ ~th Sprm~4~f~eld Ar~ory on tl~ms 
ouest~on. Tnemr est~ nste ~as tlkot ro~\~PAy they ~ould require 
t~ enty thousa~d hours of en{~neer~ns stud~ to plan th~s nro- 
duct~on am~ t~,o hundred thousand hours of en~!neermng and 
des~ u t~me to prenare the tool equm~me~t necessary to beg~n 
op era t ~ on. 

\~lle t. e tool en~ineers were Inlt~atlnb ~d englneer- 
In~ de,fans of tools, 3z~s, ~nd fzxtures, ~he get.e ~esz~ners 
~'erc be~zzt zno their st~zd~es of the necessary gabe eqazpment 
G~k~es aze ~n a sense set a~art from tLe other accessory equip- 
ment. In the f~st place, they must be eztre~ely acc~Lra~e 
Con:eq,~eatl~, t~,e~ re~uzre very accurate clesle~ and ~,~orl~u]a~qshlp, 
desz v~ ~d oz ~n nsh~ ~ h~ch must be ~erforned by esneemally 
~ii, ~@ ~]c~ ,ho cou~rzse separate ua~ts both ~n the ena~- 
ueerm~ sect,o ~ ~ ~d mn the tool room ~ot ~nfrequently there 
~n~st be t~o ~n us ior o~e operation, one to sho the n~n~mum 
d~nen~on e ~d o ~c to ~ho,, t, e mazzmun a~meus~on 

Ao t ~c too] e~ ~ec~s ~ ere en~ ed o~ tlte foregolng 
undertaz~n , t c e ~, ~e ~ sect!on of the e~incer!ng brc~nch 
surveyed t~e ncc~z~e tool~ on ~mnd to dctern]ne d~e_r suat- 
ablllty f~r l~[n~<! te u~e o ~ ~e ~roAlction ~roo!em Qulte 
frequentl~ th% ~ ere ~ o~nlc bo be uot ~altno!e and ne~ ~ equl~- 
~lent ~s resulted At So~injlcl~ Ar~orj the ~achlae tool 
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equ~e~t on l~nd at the ~ ~ce~tzon of ~an~acture of the MI 
~fle i%%d been in~tn~!ed at tne Amnory for at ie~st twenty 
Fears, much ol it Yad been ~nstal!ed an~ ~n use for thirty 
~ar~, and sone of ~t antedated the C~wl ~Var. The great 

bulk of ~t v~as equlpned wlth accessor~ equipment de~Io~ed 
to nea~facture the SprlnLf~eld r~fle; the balance of it ~,,as 
equ~p~)ed ~ ith ~iscellaneous tools and equipment desi~ne@ for 
the msx~ufacture of m~%cellaneous Items of machlne _~un Darts. 
It ~as a tremendous tu~.dertaklng to sarvey th~s equ~vnent, to 
determine ~d~ether ~t could be used in processmng parts of the 
ne~ article. 

An ~mport~ut cou~zderst~on which entered Into thls 
study was t!~t of mo&ern~i~\ oar ~ethods, adantln~ to them 
the mauy ne,, ~orocesses of ~ach~nz~g ~hzcu had cone mnto ex- 
istence ~n the l~t t ent~ years, Drocesses such as mntern~l 
and surface broech~n , foruerly merely e theory and a hooe, 
co~nlug mnste~i of fo~ ing end nach~n~ns for certain parts. 
_~ colui%, I ~ea~ cold ±o~nzng of s~%nn~s under tremendous 
nress~res ~n dles slnllsr to those used for hot _~orglnc. It 
was shortly deter~ined that a great @ea± of ne~ e~u~nment 
~s necessary and desirable 

It then became necessarj to select tsmes of machines, 
to canvass the ,~]ar<et sa%d deterszne tnet these ~achlne< 
,J,ere svallab]e, to ~renare sneclflcstlous for them, to ob- 
tazn qoney for thezr l~urcha<e, to advertzse for them, to 
select from those ~roDosed to ,be f ~rn!shed suztable tyoes, 
to ~a~e a~,ard~ and a~'alt del~ver~es, a lor~ dra'~ out and 
t~me cosine!no procedure, often extre'~el~ unsstzsfactory. 

There have bee z sone dzffereaces in ~olzc~ v, lth re- 
spect to classes of ~ach±nes heretofore regarded as stand- 
sra ~ochmnes ond those classed as s~ecmal machines There 
mas been some queotlou of the advlsab~Jzt~ of toolznb on 
so-called s~eclsl equz1~ment Some jesrs ago, before the 
tre,~emaous inoetus ~iven the mach!l~e tool industry by the 
nzoductzon of automobz!es, the ter~ "staad~rd machines" 
~ss consldered to eubrace ~zlhng maczunes, lathes of the 
plclm and turret types, profilers, drlli Dresses, and auto- 
uatlc s~u~ 1 ~nd scre ' machznes. In the present ds2 of high 
nrodactzom nethods, broaches, multzple auto~atlc drzlling 
and boring machines, automatmc nrofi!zq o nacnlnes, and ~any 
other ne~ ~ types ~fe ~roduced In great quantztles by many 
manu/3cturers end are consldered full/ standard In fact, 
~ nroductlon ~rogram not tooled on t~em iB not abreast of 
the tl ues. 
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In thms con~ectlon, there are sone oper~tlons on the 
I Rz~!e ~;hlch ~ave oe¢~ referred to ~s impossible or very 

dlfflcult. You mal~ find it of Interest ~o ~no~ t~at each 
of these o~er[tlon~ ~ es tooled b~ the des!jaer of the gtul, 
son~tlnos b~ the de~io%i of a sneciel fixture, ~oqetlmes by 
the co%st~ctzon of a sDeclal ~k%chlqe. In each zastance 
these are the o~erPtlon~ being ~roduced at the hi he~t rate 
~n~, ~t}~ the lea~t dlfflculty. 

'~le equ~meut v~ss be~%~ selected ~ud Durcl~sed, the 
en~ineer~nb br~nch undertoo~ to ~i n for the installation of 
eqal nent ~n ~ m~nner calcaiated to per ~It of economical 
±Io , of ,~or- from macnlne to machine c~d from sho~ to shop 
as regal ~ted by the s~ze of the orders ~pend~ ~d the 
aecessit~ fo~ ~ee~no other v~or~ ~n ~rocess to sustain a 
reasonal,!e ,~ or~cin~ force, I refer to the necess~t~ for Ik%v- 
~no a co~ponent ~o ~n to the f~rst shoo ~n which ~t was 
in~t~sli~, oroces~ed and then flow from there ~n a ] oglcal 
sequence from ope~atlon to operation, ,~Ith the least hand!~ng 
end the !east delay, on to its i~ns! o~eratlon and thence 
to ~ts v~omnt o~ imna! assembly. The difficulty of plan- 
ning that pert~cu!ar chase of such sn ~ert~In~ can 
readily be understooa es~ec~a!l~ ,~he,J ~ ~,as necess~ry to 
start ~ ~th a s~all o~der and tnro~ ~or~ into shops s~Iready 
occupied ~ ~th other t2~es of ~ ork, not necessarily flowing 
~n a lo~Ical order. In Dlsnnmn{ prod~ctlon lines, the 
novement of nach~ner$ throu~hout a !~r<~e ~l%nt becomes a 
colossal ]mderts-~uo, es~ecm~ ly ~hen new arrsn@ements hnd 
to be made vhile other carrent ]~rocessl!~ ~,~s kept ~n op- 
eratlon, I ma(e ~artlcalar reference to tn~s t~)e of pro- 
cedure for S~r~ngf~e!d Armory because tLe usual th-ng in 
starti~o a nay ~rodact~on llne is to shut do~ n or have 
~vaiiab!e a separate plant ~u , h~cn it ma~ be D!anned to 
DL~ce elther old or ne '~ equlpnent, s~itahly arran~ ed to 
provide for the r~oDer sequence o~ ooerctions for ne~, oro- 
d~ct!on effort. 

In referrln~ to too]i~o as a ~ hole, the usu&l conce~- 
tlo I at S~rln~Tle!cL A~nory of ho ~ It cnoal~l ~e acco~-~ !isaed 
~%~s been t~t desljis should )e co~o!etect and accessory 
c~aloueut f~brlc~ted in our o~ a tool rooms. ~en you con- 
temol ~te the num~er of hou~ s of en ineerii~ and process1~ 
time ueces~arj on ccce~ory eluiDment, ~t ~ ~II be resllzed 
~hst ~ e~treqely ~re~z len~)t~] of tl ]e is necessary to com- 
plete ell th~s ,~or~ in one englnesrlu~ section and one shop. 
z~art ~ornore, the effort is confinsd ~ Itlun one uroup, re- 
s~itln~ in the snr~hcation of m~eas an8 practices ~l~ch 
ferl%~s ~e not ~e~t oaca ~ith the mo~t nodern and best 
~no~ n ~etnods, 
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The productmon of the HI P~fle began mn a very modest 
way, ~t ~a~ned momentum surDrmsmnglj throu~h unforeseen con- 
d~t~ons and Is no ~ apnarently ~'el! on mrs rag to,yard a faarly 
comprehensive nroLr~m. As a result of thzs, the ~;ar De~art- 
me~t l%~s recently obtained add~tmonal funds for ~ncreaslng 
~ts nroduct~on Upon rece~)t of the (~rect~ve to proceed 
~mtL the adJ~t~onal progrmn, the plan ~,ss formulated to call 
~n the best kno~ tool erg]~neers of t'qe machine tool ~qu- 
facturers, to ~mve them study the nroblem of retoohng and 
adi~t~onai tooi~ng on th~s article. The ~dea behind th~s 
was not only to exDed~tc and deceutral~ze the vorL of de- 
signing en~ mauufacturirj~ acce~sorj equipment, but also to 
obtain t]~e very" best adwce and en< ~neermug effort through- 
out the coventry, 

In the early s~r~g of 19Z8 thms retoo!~ng effort ,~as 
started by csll~n~ ~n too]mug en~ ~_neers fro~ all of the ~ell 
<no~n organizations thro~_hout the co~qtrj, obtamn~ng adwce 
sad ~nv~t~ng the~ to bid on l~nes of qech~ne tools fully 
e~umDped -~md ~ranteed to nroduce de~-~nsted components st 
a def~ ~.mte rate. As nrellm~nqr~ ~ round ,~ork to thzs pro- 
cedure, Springfield Armory rev~e~ed each omerat~on on each 
comoonent of the r~fie ~n con]anct~on ~mth the best a~ce 
obtainable, an~ resrrs,~\led the sequence and reduced the 
number of oneratmo~s, schedul!ng t~em to be ~erformea ~n 
conb~nat~ons and on the most modern, h~ ~h nro~uct~on ma- 
Chlner~ Parts to be conDletely processed and parts to be 
~art~elly processed ~ ere then fsr~qea out to con%merc~al tool- 
~n5 concerns for the suno!y of oompletel# eqal~ed, ready to 
onerate machine tools The i~rst of these groups of ma- 
chlnes on the ~I Rifle Is yet to be recelveo and installed 
for operation oat practlcall 2 the entmre jroun of components 
has been ~llocated to one concern or another for the sunoly 
of equipment to Drocess them. 

The greatest obstacle to tnls procedure l~ been the 
necesslty for Drocurlnj on a comnetmt!ve basls slnce t~t 
oroce~are requlres a ver~ great lentth of tlme for Its op- 
erotlon In t~t res~cct, the War De~art~ent was serlousl~ 
hsndlcanDed over co~m~erclal flirts vLo la~m~.ch into ~ntenslve 
prodoctlon schedules. ~ne commercl~l oonceln will very fre- 
~ueutl/ se3 ect the machlne tool u~qufecto_rer to who~q he 
ishes to allot certsln portlons of Lls ,~ork, he ~'IIi call 

ms a renresentative of ~hat ±irm and contract ~1%h hlm to 
tool the job on a ~rs.nteed oasls, he ~l!i glve hlm the 
"go ahead", and sonetlm~s nay a bonus for early completion. 
It ~,~lil read~l~ be seen t~]~t such a nrocedure, ~hlch may be 
Inltlated ~ithln a very snort ~Thlle, D~s a ~reat advsnt% e 
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over the s~steo] of p!ac~ng orders on a competzt~ve scheme 
requ~r~n~ ~onths of a~n~strat~ve aqe e~j~neerm ~7 effort. 

To illustrate ~ hat it hoped to sccomphsh by the im- 
nrovement ~n toollng ao ,~ in nroLress, it ~s exnected tl~t the 
I,i00 mocb~u~ng operatzons on the }i! Paile w~ll be reduced 
by ~%if A conD~r~son on ooeret~ons of ~one lmDor%ant con- 
nonents as ~erfotvned at ~resent and as they are contemplated 
ms as follovs: 

19kCIII}~E OPeRATIOn, S OJLY 

Present [~e~' 
Co ~oonent et~ ~ le~ _od 

Recelver 104 31 

Bolt 48 J5 

Follo~ rer 17 ll 

- Hm~er i3 8 

Trl~er i0 8 

Catch 14 4 

Base iS 7 

Gas C~llnder 34 96 

Gu~rd 27 20 

=tousJ.ng 37 24 

On. Rod A . . . .  42 s~em~ly Pad Piznd!e 28 

Silde, Follo~ rer I0 5 

It Is hopc~ u~o,~ t1~e cou~!etlou of t~e ~reseut S~rlnj- 
fleld Ar~orj ~ro~rn~ that ~,ith the exce%1on of the shops, 
Imc ~ sre not of ~oder~ constzactlou, ~e ~,ii! nave s pro- 

ductlo~ set-u~ %ic ~ cs~q be con~idered as an outstanding 
e~cm,~le ol moder~ mac ~ne tools and enD~o~ent. 
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Diseuse!on 

"0r0n~c~ Proclamation Di,ficultie~ ~d Their Solution" 

Februer y ~0, !9Z9 

% 

Golonol ~iles: I th~nk thet ~e']l be tempted to dissgree 

.~e{O~ ~.tchor OOes kuo~.~ .~ l~ttle ~1ore tb~n the re~t of us 

about th! ~ pe~t~cul~r ~b~e~t. One re~on fol ~ a~kin~ for this talk 

~S to give s~u~ l~le~ of i~he ~mJ%i~_llc~ty of th o erstion m%d 

eve~%s voh~ch ~ako Di~se in the pro~ucl ~on of s semi-~ut~atic 

ri~ le. ,- 

~4or R~tcher: Thi~ one o~lut i~ ~siit~ interesting and 

in~miou~i~ d~si~e8 - very interesting frc~ the m~uner of its 

disassembly (Deno~tr~ti~u d~s~ss~mbly of rifl~.) When I w~s 

tryin~ t~ r~ove th~ s comnonent ~ f~w ~iuute~ a~o t~hat ~s ~he 

first move Which ~e m~/~s in dis~.se~b]y. Thi~ consists in pulling 

~ this ~.~'~, ~h t tu~Jock~ fh* wbo!e thir~g and you lift out this 

unit ~ s ! ~ld then. ~% more Dr less f~]Is a~art, ~-ou might ~s~, 

ai~ho~h this one doesn't ~eem to be, Of course, this is ode 

of those thi~s that doeth ~ ~ work ~hen ye~l wan% it to. A we[~oon 

should b~ loose ~ud should r~tTle to be ~a good ooerating ~u. 

iz there sn2thln{~ further that I cen tel i you? Some of the cl~sy 

a~i~earances ~nd %h~'di~ficid%ies of ms!ring mlch ~ weapon in such 

form as tO ols~se the eye ~i!l oe i] lustr~te@ by this gun. This 

i~ one of ~r, Bsr~s cri&rl~ol 9ms which he sold to the OrdnanCe 



r ) 

Deoartment in 1914 I% has be~r~ tested many times It's form of 
Y 

opera%ion is the act~i~ion of a cap plac~l over the muzzle of a 

~n vi~ich c~Ds a osrt~in portion of the gasses as they pas~ out 

~sside the gun T~t action is transm_tte~ ~a:/~ to the brseoh. 

s~mi~aut emetic ~ interesting 

tO u~who h~ve to ~one~.~ ~i%h this probl~m ~ad who h~ve worked 

w~th it for m~ yem~s teoamse it illustrates very well sa sd- 

wmO~[ ~tege of %he ~ at that p~riod of time - tha~ vm~ about 

1911. I thi~ w~2a this was p ~ i  ty/~ex~n ~t was m~mu- 

fa~ure~ ~n th~ q ~ i t y  Of at !ea~% ~om~ I0,000 ~ither in 

Swi~zsr~md o~ G.ermm~y aud ~aS r~a~on~bly ~u~cesaful. I t  justl~ 

fiem !~S~If but jU~ ~i~%V~sr~ in M~XlCO a~ many things do du~ 

~O lee/~ . of ~y~tem and-or&~alz~o~. 

O. ~-~ ~'a llk~ ~o ~ yOU ~ qu~%ion about the n~b~r 

of pa~t~ in ~iat~on to, thei~ prod~tion~ I'vs ~ot the Im!7~es~u4 

that ~ ~p~ea~ ~ l~Or~l~ ~ of ~he oplulon becaus~ an item has 

fae~e. In my p~on~i ~~ri-~nce !~ ma~t~aot~i~k~ as an 

underofficer pro~iem~ ef ~rod,~O%ion ~ engineering - no~ ~long 

~he line of rifles ~ ~ ~o~u~ %y inore~sln~ the m~bsr of p~rts 
/ 

Very materi~l~v lu %h~ ~[~Si~, br~dng i~ down into a ~reat~r 

number of pa~t~ - ~ ~Tea%~ si~pliflea ~a~U~ ~l C/early 

re~t~a ~ t  ~m~l I ~hi~k/tl~t is s~ Imp ort~gat th i~  %0 bse~ ib 

mi~l. The m~ber of ~/~s in itself is not a~ in~icatio~ ~f 

Simplicity. I man give you ~ Ver~J ~Oocl illust~ation. Take the 

/ 
J 
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~i-al~r~% n~oun% in ~ Coa~ of~en~ ~ud, an ~rcr~d~ offens~ 

that w~m d~si~ to ~'th~ tmm~ioa~ ~il in o~ naeee, ~iI, 

that ~ ~ v~r~ aiffle~It ~hi~ to ~i~ ma ~y z~.~i~ tb ba~ 

pi~te or~part, m~kin~'the chief ~p~e p~rte, you co~lg bolt them 

all ~og~hel ~. I~ ~an,~ %b~% N~U ~an only work on %ha~ piece aS 

% 

1 

one Op~on ~% a ~i~ whe~ i~ you break I% down you Can c~Ty 
r 

/ t 

A - -  ~ha~ s ~r~a~l~ very tr~e, ~i~ ~re £s a ~ d i a a  

line ~hi~Xh ~ has ~e ~e foll~wed ~ u~i~ ~Od )~n~ ~ud gO0~ 

~nae, ~e !~av~ ~ iil~tra~iens of the ~labor~te ~eg~n~ wh~h 

economi~l b~om~ ~h~@la~t of ~ r ~ S  i~volvoo t l~  dlfficu~%ies. 
k 

I% ~e~us meney to repiaCs ~hs ~ere~t little p~;r~, it m~ans thro~ 
-\ 

aw~v a hu~dr~  ~oil~r~ ~ e h  ~igh~ ethei~i~ remain in %he ~pon, 

~I make th~ ve~ fin~. They h~v~ r~xor got ~w~ the high pro- 

/ 
of a ~ Of th~s t ,pC ~u~d i~ 'be  f~Ible to ~let the s ~ a c ~ u r e  

/ 
of ~%~ n~S or suble~ $!'~ o~r%a~ stem ~n t~ ~, proe~a~ing 

J 

to ~ out~tae contriver. ~'m no~ thlnki~ so ~c~-~ of  ~he O~nance 

~ l ~ r t a ~ n t  or th~ a~sm~t but a ~ar-tf~m !~ogr~. 

/ 

J 
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beo  a t tes weapo  in one air tion, i t  j - -  !, not ~ predn~, Mr~ ~au4 proceed4 to draw the wire an& 

ma~e ~he ~prings himself ~u& then we ~ot Wallace Barne~, ~pecz~!ist 

~u ~pr~r~s, ~ they sai~ they Couldn't ~kG ~ .  So ~h'. Nuran~ 

@aVe the~ his winding fi~ttu~ his draw1~ m~chlne, and now they 

~ozo4~ about elght thoussnd and are ~esrcki~ for more. Thi~ 

i~tl~ ~h~r~ spri~ Is furnish~ from the <mtslde ~4thout any 

di~fic~alty and in almos~ a~v q~tlty requi~d aria they want the 

h~In~s, The only ~hi~ you h~ve to gaar& ~/~%nst in such a 

prO~ a~ thi~ i~ to m/bernice ~helr autlVi~y in such ~ w~y th~ 

they will reeks the par~s wi~n the dr~wlng$ that goes without 

~yi~g ~ut ~t i~n~t always easy to 4~, We can't do it ourselves. 

q ~- Hsve any ~uantitatlve estlmates been arrived a% 

as to ~hs ef£~e% of this rifle on the ~tion procurement and 

A -- Ye~. ~nen ~ first adopt~l ~ breech load~ng 

a~d the m~zzle loadi~ gun o~s of %h9 seri~us problems ~aken into ~ 

consldera%io~ was the s~uply of ~mmnition. There was qu~te a 

cp%eri~ that ma%n%~ne4 %hat a~aunition 0o~14 not be sufplied b~% 

~O~Id all be shot ~p~ The same problem has been presented e&oh 

~ime' wS l~we a b l e 4  the weapon, It was qu~t~ a factor  when we 

wen% i~%o ~he %Ise of machine ~s Im~t th~ a~m~m%tio~ has ~l~s~vs 

go%ten there in our past e~rlen~e sad it will ~et the~e in our 

future ~xperlem~e, There have b~n some analyses bu~ ~m not 

prep~e~ %0 give you partleui~s of them. Does that answer your 

Q -~ is the smmu~i~ion requirement goi~ to be ~hcreased~ 
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, A ~ No one knows until we go into armed conflict. There 

~e ~ous opi~a~ons oI~ tha~ i~ubJeet. I ~hlnk it will not Increame 

c~er t~nty-flve per ~% if ~t much, simply because men don't 

um~lly ,~hco% a~ nothing. I'm not ~p~ng f~om my little experle~e. 

They ~o~t fire away ~mmumtti~ a t  nothing lh eplta ef ~t they 

Say ~bou~ green tro~gs aud ell that sort of ~hi~. You gentlemen 

~ho kn~w real1~e %ha~ t~ge%~ are scarce like they are in ~er- 

l~nt~ You j~t walk alo~ ~okJm4~ f~ one. Taere~s ~ point 

I want t@ mention here. You will obese the legge of thee 

egmponent. This eau make or Br~ak the gun and it made thi~ @au. 

The ]er~%h as comp~rea tO ~'. Baug~s wea{)on is oon~ider~ble.. Mr. 

~raa~ ~sed a ~'eat amount of !ng~m~ity ~ went on to a tremendous 

m~o%mt 6~ %reable and conm~me£ a great amouut of time ~n com,>o~md~mg 

~h~% one thing. As ~ mentioned i bit ~go it has been one of the 

'~ ares% obs~s~les %0 the ~OOes~ful completion of such a weapon, 
k 

Y~ has dra~n ~hi~ program out by ma%v y~ar~. 

Colonel Miles: Any questiezm or remarks by any of ur 
q-- 

Or@nance D~tment visa%ors?/ ~ want to mention %he vs~t amount 

ef work entailed by a~pting ~ new weapon , the tremendous amount 

of pr~actlon stu~4v an~ chsmg~e of production design to p~duce 

the new weapon, ~ th ink  when y~ un~er~t~na tha t  there have been 

people cr~tle~ed for not accc~pliah~ something faster ~Ith 

two thin, sand jibs, 2000 49rages, 2000 tools for one r~fl~ that 

weighs ~!ne and one half pottage, you can see the m~4~m~%ude of the 
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Colonel Mile~: -- I think ~ are greatly Sndehted %o the 

ehlm~ of Ordnane~ for permlttl~ ~or Hatcher %o come here an~ 

we ~e greatly in~eb%e& %o ~jer Hateher himself for the t~me a~ 

elf or% which he mus% have ~mt into the prelx~ation of this paper 

and. I c~n a~sure you %~mt ~itho~h th~ manufacture of mmh a weapon 

is a~ ~nt~Icats propeeition, frequently it is more difficult for 

a m~u of ~e-jor Na~cher ~ s prac%ical t~rn oC mini to turn around 

~nd ~ifie a~ Intere~tIDg a peper sad as conclusive a paper ~s he 

has presented ~h~s mo~ni~. 
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