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The Defense Ntetals ljitorit.atiuii Ceinttr wass sta•blisled at ).3tte|l." Mrti"or1l lr6tst,t 4te at
the recluest ul the •fii, e of uie Uiret toer of Lrtlensr krsrdr h aind Engineerin. tu provide Guvern-

ment it•.nra,.tori .iniK the.ir :uppliers tvn h"icl A"MA i .14..1 and Itlurrisatiun fn titanium, beryllium,

11agiesh-.llllki|lltinlgil tr hion-slringlh sitels , rlratvory metals, h;gh-etrrngth alloys .aur high-

Stemrperature. orrvi-, nd 4.nurrusioii- And ouitlattunveresisl.ant c.uatinlgs. It& funtiona. , under the
dire, tion of the Olfi%:e of the Director uf Defense Re•rarth and LinKinerring, are as folluws:

I. To roslrtt. store. and dissrminate technical informiation oun the urri-nt
status of rese.,rch and drvi'lupment of the above material*.

. To supplement estabtishrd Scrvi~r activities in providing technical ad-
visory services to producers, melters, and fabricators of the above
materials, and to designers and fabricators of military equipment con-
taiming these materisals.

. To assist the Government agencies and their contractors in developing

technical data required for preparation of specifications for the above
materials.

4 I)
4, On assignment, to conduct surveys, or laboratery research investiga-

tions, mainly of a short-range nature, as required, to ascertain causes
of troubles encountered by fabricators, or to fill minor Laps in estab-
lished reseereh programs,

Contract No. F 33615-68--C-1325
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When Government drawings, apecifications, or other data are used for any purpose other than in
connection with a definitely related Government procurtment operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever; and the fact that the Government may
have formulated, furnished, or in any way supplied the said drawings, specifications, or other data, is

not to be regarded by implication or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission to manu•acture, use, or sell any pMltented invem-
lion that may in any way be related thereto.

Qualified requasters may obtain copies of this report from the Defense Documentation Center (DDC),
Camit .on Station, Bldg. 5, 5010 Duke Street, Alexandria, Virginia, ZZ314. The distributmion of this re-
port Is limited because the report contains technology identifiable with items on the strategic embargo
lists excluded from export or xe-export under U. S. Export Control Act of 1949 (63 STAT. 7), as amended
(50 U.S.C. App. Z020, 20M1l, as implemented by AFR 400-10. 5
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MAtI'RIALS FOR SM.A L-AkMINIGttN NAMN LS o01

C. W. .armlhaill and 11 J. W*inrwt

$VM4AKtY

4111 At th~e mjues ol the UA S AirI1-onk. a uv a I V01 Chromium plated bumsaid S40luehneren w-der.
t,%iouclc ll the lletene MOM% Iom~ition Center an isis- S nkenti of rticurh ..oiidtked during Wot4i *at It. lie.-
tenals lto smull-usris tun har'els i up to apptoiumatrly .S0.mm- tween 144f and i 4Wu, extenhsiv effort% were made to improve )
bore diameirtt). Partswular emphsius was Vinn tu materials fo barrel Isflities furlher Studies uti~hdld handir materials.

votatim Jtvntdor hih atesof ireliner matlnai~. and surfaLe ltstjment%. Among the loner ma,
weapos desgned or hih rai of Srtals studied were alloy itre Is, asbaitlbaae alloys. ctum~Furn-

tUI Currently, smsllarms barrels arm produced in the base alloys. naskel-haie alloys. mmn-aluminum alko"s nmolb
Unt~ed Suit% from 0r.4oii.Al Cn r-'o low alloy steel$ con- denum allirys. columbium-bav allloys, "ermnics, and cermets,

taining 0.40 tot0 55 periefit caibon, 4uenched and tempered Fetferrnmiiii.. of a partwula sr rwr na was evaluated by
to a hardisews o( approximately Ktxakwgll C 30. with a comparing it with * standard StellLu 21 baser. Ini the magority
chroictums-pltaes lxt'os. In addition. a Sitelite 'I * liner of aseL. She candidate materialsi e-ce found to he inferior to
qCt4*Cr-Mo alloy) as imldc-4 to she breech end of many rapid- Stellile. However. same of the bane materials with very high

fi e aroks.itn 0omu the ate reand tg from il uwmw help ratoi fltno in$n4hO m k s m atiyid1011M"14611aper 0
foiat erosionh .homfmpat n the boersutntncetmicla lnrhelptSon maredlygpit Irwoutchlti t o ---ma tanly~ dhsaidierd So ellt
with the p opellatnt gas. high veloitiy "scrubbing- by the gases .11. with these relatively brittle matessab. barrel lifetimes wese

is the main prob~lems in high rate-ot-fire weapons, a gun barre denurn, to ovnercome this brittirwin problem by alloying.
may last indefinitely ()11h0.000 rounds) if the firing rale is design unptssements. and unproe fabrication procedures.
iuffikiently low or if iuffic:ient time is allowed between short anld. although the efforts met with some vaccew the magnitude
bursts of rapid-fire. Even with the plating and the liner. how- of the improvetment wag not mafilcint to warrant a chatileoieei
eeir., severe firmng ochedulet .an cluickly deteviorate the bone from the Stellite liner. In the late 1950's. studies on columbium-
tirface sufficiently to render the barre useless. For example. alloy liners gave very encosrraM results. particuilarly is corn-
continuous firing at a rate of :0 rounds per sevond, a typical bination with a newly developed procedure for making thiin,
rule for many machtne gun&. will cause a weapon to atop full-length linen. It was demomitrated that full-length columbium
functionting after only a few hundred rounds have been fived, linen extended barrel lifetime faw beyond thowe posible with

(U) With the advent of weapons systems designed to fret ete tlie21o oyi~a atallnt aes

hyperierkciety prolectiles at high firngs rates for sustained time (U) In the early l9fTs. intkiest wanied in attempts to ins-
periods, serious problems arise with regard to barre lifetimes, prove the performance of sinali-aris barrls. possibly becatuse
These problems amt being attcked on several fronts which in- of the rapid developments "ili made in missiles and rocketts,
clude development of. Consequently, little research and development was conducted in

tWs period. However, when the United Stales becamse deeply btn-
(1) Propellanla with lower flamet ftmperatures volved in the Vietnam conflict. interest in small anris again

quickened and a number of tesrach grid development prognams
(2) P'ropellant additives that carry away heat or coat the have been initiated. These am suigned primarily towardl development

bore (also calld boundary layer cooling) of full-lengt refractory-metal Mears insie steel barrels. Variousp *
rerractory metals and alloys ne well asa number of processing

(3) Deterrent coatirip on the propellant grxins to modify pr'oeduires (iricludiiil cisexrsbian and high-enerlgy-rate formning)
burning ame under investItgationt. At the Uew of preparation of this report

only prelimninar results of thes effors am meaailable.
(4) Exsternal coolinof the barrel

()Improved barrel Materials.

res.por is concerned with the lW approach listed above:
inamsely, the development of improve barrel materaias. * 7

*Assoiciale Chief. Mechanica Metallurgy Division and Chief.
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(N H(tlL'tltA tli katinning in tw)N ;. rewAi,,h int, ,nivriat. tir gurl

tkll The Vnitcd Stsmei Air Fo~rte a* tursrrally un~ectAlking dea~rt'flt¶oiri in nisiieile% And roIIiket, Ad Ihct prit.ahiiuf thu 0
a coordinAterd etfort to oliug-reve the Ilertorntlante orit .gull Arils ,omnvinlioniul vatinl~mn ol might heirtime obviiktc A-..rdingily.
fro.in the standpitnt ot f urjs pesuplwl~n1'. de'ugs. arid full- there Are tc'* repoirt% tadableti ons tIa whgs it sinA: lofIJ, even
%:%ntrsil syistems the sosestlive is toI i~rlnAw Navtel lainlar,~s though a numberc tit new p'roprA.11 hai~e hern initiated wuthin

4while saramidtancoudly incrers'inat the 11u,1111 VC1loiltY And the the pAt secerat yiars Several of ithew ratriln priiArsis Are
rtite of fire. The need for this Worit As. busd upon cilpetrlenie ils,,arttitd in It'll report. hul- at the time of pr~rpdrAtiowl of this
with rapicJ-tirring iseuronss, uth "s lhve Mint-gun, cufrrntly in usa report, tew results arc saviljhic.
as Vietnam. In order tII W4alir MMr1,11hitl hAUCIt lifetirics.
thewr wrupriom miust he rirnd kAS~urding to Itairty inoderAte! 71 RMIN()LOGY, V1HI J 151105. At)
whedtulics. a typical finrig sithedule mnight cainsast ofr .tto-5 ltACK(iKUlJNP)JNI-0PM.AlIION% WL'
secondl burnts. with OctoIkt) sesond cooling intervals betwteen
hbirsts arid longer cooling perixAsi uter a certain numb'er of Ut I Becausse many perwmns involved with matrimrisl rewerinh
bursts have been friedi 1t.1 It Ithe built taime is incremued to and development may not hce familiur with 1,1mu-lt-rMIn 9pin
IS secoinds, the hotrle lifetime is reduced drastitally asnu the barreli. thits section is included to clarify terrminology and to
weapon quickly becomecs uwselss In co,ohid satuAtions. itis provide background Information.
not diffitult to imsAfinte cimrnustances in which it woukd be
highly desirable to be able to continue fraing for more titan gesionlvf mG;unf barred LUj
3-to'S fieconds.

(U) A caro ectioinof 9typical gun barrel isshowt
(U) In ordier to plan and execute rarsearmh and develop- schematically in Figure 1. Four regions are shown the birrech.

anent programs aimedil at improving hanrwi lifetimes in high- throuch which the round is loaded, thearhAmher, which holds the
rate-oft-flee werapoans, thse Air Fovce required information on round before firing, the bore, through which the prolectilec travres
the current state of the Art. results of prior research and de- when the round is freed. and the Muzzle. fromn which the prorectale

4 velotiment programs, and the efforts currently being under- emrgees.
taken by other oetA~nuations. A request wari madt to the
Xl~efetse Metals Infornstiton Center in the fall of t967 to Breech Rifled bore Muzzle

pivpike a report that would provide such information. This
report has been prepared an response to that requiest.

(U) This report is intended to give an up-to-date, accurate Chamber
Asessment of triatenals currently in use (or ramalfi-ianans gun 6"
blaneb and the efforts under way to improve barrel lifetsines

4 through advanaceda materials technolog. Depth of analytis is
limrtitell, however. duec to the short time available for pre- FIGURIE 1. SCHEMATIC CROSS SECTION OF A GUN
pastaton of the report. A brief review us included on the BARREL(5 I(U)
numenarous, research and development efforts on gun barrel
materials that took place between 1941 and 11960. This tsevuew (U) When liner, am used to prolong barrel lfiftime Alums
is based lareply upon References; (2). (3), and (4). whigh in, two-piece tube may be used, as illustrated in Figlum 2.4 f 'The
turn, were b"Ied upon nuunwarouu company reports and Iwo pieces aft: (a) a cap, containing the chamber, and tb) a lined
Gcovemnment-laborstor reports. Because of time limitations, tube. Since the hottest rugonv of the tube is near the forward end
no attempt wris made to analyze eatch of the originall soufals or the liner, the gap between the tube and the cap reduces the

4 Thle basc references ame available through the Defense Doijarmen- heat flow to the cap, thereby keeping the chamber compsaratively 0
tation Center in Alexandris. Virgfinia and cover the following cooal. This limits thermal expansion and heirs matintsunt proper
tunet persods: clearance between chamber and cartrigel caste; at the samte time,

the likelihiood of cook-off" is minimized.

194-1945 (2) Netioinall efense Research Coiw-~t h apovsnhbro

thi Cotro o Gu Ers, barelitht m dsigedto impart spntp f~itfrgester
Washngtn, .C.,194, smurcy lnd arringpower, The rifling may hawe a uniform4 Wasuwton D.C. 1946 twis thsroughout the barrel length or it nay begin with arro tWilt

1946-1955 (3) Cohn, G., "Bairels for Automatic ot the breech eand and gradually increatse in twist for a cerrtains
We$,$n" - Frankin Institute RepirOt distance and remain constant therteaf~tter. Thr latter type of
FA 2251, 1959. rilig ftrequently refemrd to ats gain-twist rifling, is sai to red-seea
(Confidential) simla at the origin oaf rifling.

19S6.1960 (4) Cohn. G.. 'Basrrels for Automnatc (U) Rifling Ilands and gicoove are illustrated in Figure 3.
Weapons". Franklin Institutls epor Although the actual rilling dimensions =n determined from the
FA-246 1, May. 11 1 dynanmics of the pmtoeik.e approaimaste dimrenwoskram:

As a oneiceto the reaider, comp~lete Tables of Contents _________

of the above threat references ane included in Appendix A Asn the context of this report, cook-off Is the premature do.-
olf t"i report. stiation of this unununtaon, that it, before it twas been startick

by thipfiring ph, a a iesfult of overheating or dthe chamber.
ANumbers In parentheses pertain to refevrencest, whichar
listed on par 10.
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groove depth I bume diameter tube. howovr., the We1 of ift-iew Asuv when t 51 pretuirv begins

num.ber o(guws7 It tunes the bur dimee in~ u c Visur 4 (r a.30%mishrr guAr 5)
6MM with : IProjectile Troini Tont ,mwe

I"n width ,0 02 04 06 06 t0 12

In Figure 3, the lands and groomes hown are sharply irimiangij 50S

lar, howerer, they msay have other shape%, without sharp t-oe

the gun. Uatraly t2e bV.0 suracbinadjaet -two tej

la 2ace.

(Urf ) wAtnu appreciablte amuteofpMatu is rlat ea the ptrosrfc-

~jnj~ U)a-cthe o Su he barurelly.tebv F u rrgc e, eeingerAdjacete to thrsose
G'o plan gamesc will leah how termedaetperatures and hee tenr-0

(U)~~~~~~~~~~~~~~~~U Tahe-tedaee o u uebeTh rsn ~~.~ue temadenvtu. A W~ae Wvmaciue gun. liert encople.tered
foeaflmeustoxpruheorelanetr'mmliine ina gun'a~ t2rubsdpndsmredlhy 1an Ilc fidsatraeofawsie..thet
rathr u~~ de~*ia ~ rrs .ate o willreac unl an th uato fri.Freadxatpe, Couitng afterk

FIGURE3. RILING ANDS AD GROVES () ruta hal gve been tod ah nimearakith temperature At the borr
surfpacewihut afetin the oter surfac wrle atprheaoutery surf(s".

at~~~~~~~~~~~~~A ah muzzle veoieixxemo pxmtly30 et ()theeC*a phowonge raw Faut an hig rniate thn ea teo
atlikLU nperature enounthe red. atin scaucus ltinmthroudiathe tubhoewa.

as eaured - _"Withlad! intmcopeaA6.) the bopre surfac and seent
(U) rataiber -thdinamee rof a gun~ tu jM obe ex h rsnttmd !-Posegjdato. muc swacbee auese therma ying thainp airnygte

frsma l b ase m ite rs atto fitress the bore by susgaging t~imet hrs o the12 toubdseac. n1 eod t aeo n u
fihr thang in dgescsina ~O to -r wille reachesimtkay stead y stati e (U) tinafe

(U) SnwHm=- seune bwhav rtaing ac bs nds t abo ut 30m. %e (U) uel lietme b e 2Me F, whereassthesma iring

__________ilf". eoistylie reet t theou"sifc* bero aprxm ateflye beWfMre
(U) 1l~0 Hxte.CUIO IN ~ ctt -- P U) theon Mate velre deaee bya etan ecetaella
WU gan bazle eloct in aexcesy aoubr aproxiatu eely w356pret;otn oevr m00 feet per Th uvssoni ~ W6idcadte th tmp-e

uopersr Aatd thpue n. rnarudu eoae sttes velcocityieusred at theio s t lofl n throug. Ahe ur e acy lfe
the iiaas~whot mauepeo~ce~ sewey casug refuers toithe nuembtof ouals.0-7 IbbfTehe boretsufae ya we

(rU)t Rase behind - othmeta ba wun aectile.Te ts am thube exposeda tpo malemor seer d hrmleyliguhamnyote
ierts bon; Ithenu barl tieht itei the have d volum~ tereinothtu .
fcuieigad gyites e in t oapd the projectile. mayain outrt ofj U

the chanMber the p whichr continesto beudse an cout~ne byn~iK feddt luMtrasIU
unsigo h e rplln.Eeslaly ste ii.f ~s (U) Tore lfentio e n eatsfatrly as n bary masuten fringms

tinue, and the propllantlocicondemedtses by havetthe pllowingtap 4esalea

anom rtimu vatlte uand dclnespdua. then a fonisdtonrte T n anhe velocity maue tts mo iig cuaylf

ofai thse pebiOnpojectile.meri coThnoue metil trse through theawrxiay $

soeise d"th aml esieUh N CsrdvlASSFIE
occuiedby he ntrapedpoe a he p**U moa ot o

L~echaber th pestr.;conines o rn bc~se f vntiet!roolas hww y RW ateiah(U

buringof he ropllnt venualy, th epanioncow(U)To untio seisfctodyVi barelmatrijIs us
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FIGURE 5. TEMPERATURES MEASURED WIl-H THERMOCOUPLES AT A DISTANCE OF 20 INCHE.S FROM THE
SOlEECH DURING FIRING OF A .50-CALIBER MACHINE GUN(b) (U) 4
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FIGURE 6. TEMPERATURES MEASURED WITH THERMOCOUPLElS A f A DISTANCE OF S INCHES FROM THE ZREECH4
DURING FIRING OF A .SO-CAUSBER MACHINE GUN(7) (u)
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ill Strenoth at both low and hish tirniperlturvi to affy onveimc.tniho. mash slitnti-wi has becl, jilw.oc n"e it,. past

to kiw 41iloV steel, w ith fri4ps I I., mc.l im5S~i� Ion *arl r, ~~ 5

I~2 [)uctility ot loughtlese &I bothS low and high tineller 41 high tenirlr.and r 'J.Ian.e hitrili Aht* aelS L V..
alum is tolu enduxes k loading thoth o,;whiaissal and tr~iPl% h4,e likenI wverat .llrriv"M% a.6. itdi. J.11 .h
"hrmnail) w, io 114.voct.sc .niv *t-s 1,4. d.rl.wni -n P- ,nl 1'

gisir pfielorinanse u.,lsv~rnflv wt~rmn 1., 11,i 41 M A mq-ik ite-vi

I he it are.

(44 Wear rituastae to withstand abrasion fromt high
vetasity Saws AMd rotaling bainds 4 1) ( hru.rnum plAui;n of the hore surftg~

(5) High mtte)ng point q ' LinitV of the hrcr~h-end 4i the N-Fre with NIllllte _,tI

46) lkreumtaasv to chormsal attack by propellant Psas
bibo were dneieorsed during World Was 11 and werre uw.) in ma-

47) FabrwbicitY. chuine Itus in the N4;ilsi. Area touwrd the uiikee if the war t %ýd
tin cvzitibflatofl. cthiomsium-platirs hires and %itiblt 2 1 liwne-

Otilie proprtiesa thatl rmus ber taken into avvount in desvigning increased the useful life of machinse gumn hý a laotitu oft t wnrn
gun tubes include thermal conductivity, heat capacitiy, aNd firings sor bursts and bly a factor (it 11) when fotipWrn t beug irst

tlmaes~aeson oefiesnt.In the intervening yean. the rrimedures rmphryetd in both pilaing;
-andl lining the bore have breen ieptimiised and %todie" havc been
conducted to rin even better ways to minirnuif boivr efrnwn At

M&IERL4LiISEP1NCUI ENT PRQOVCflI~I. the per-vo lutie. no other mAterials. with The powhiae rlicptipin
OF MALARM BA1113 IU)of coluunbwnm-lined steel barrels, have been demonstrated tn 1stOFSM L~iPM~BM(E.L 1Wconsistently superior to chrumiiant-plated steel batrrels with a

(U) Many off the requirements desicribed in the foregoing SItUite 221 liner.
paragraph are met by heattltreabsle luow-alloy steels. Current(U esi t eaimruentnbaelietmcfrd
maltary spsarcications for usmalarnns'bartel steels call for fthe(by ) h esmium thetin eatnd Stevite 21 inr, riffle liedntim offered

follwingcompsitins.that the erosion problem is solved. Even with Itheiir developments.
a .60-caliber matchint flun". firtril 50-round bursts at a rate of

- -Q',M ~~wi4m. Fqrtes b7vs~ 20 rounds per sec~ond with 2-minute cooling interval% beween

-~ ~ ~ ~R 4150QPnrj ~ q~w~-n~i bursts, will exhibit excessive veluicity drop after only apprisitimair~ly

C~~s 04"135 047055 041.0,49
0~ O-5-10 0.70.100 0(0.090

"I"110411s C 1)0 &as 000 Wmat 0 040 M41 AURERACAE.S BEIENGIAKE2I ALLLIAIML
!Afr 0 04(' ma 005-0479 0 040 M44~jJj)j j ~ .L
, leil 0 ti" JS 0-10-015 C. !".3.5

Clisnsivift 0A011 10 g501.15 040.1I Is
it"is5.lv. 0t "45.1.5 0)00-40 41J) The barrel-crosaon problem in weapons desigined to fire 04"Okea4wo - U.21"Jui hiypervelocity projerctiles of high eates of fire is clsely related to

The complete MAilitary Specirksicats MIlL-S-1 1595D (MR). the mnaximum temperatures developed at rthe bore surface and the
dated January 3. 1Qt66, entitled "Steel. Bars and Blanks ability of the barrel :.atenal to function property at these tern-
(Under 2 inches in Diameter) foe B~rrrh of Small Arms petumtil5 Various approaches toward alleviation of the bore-
Weaponts", isincuchded in Appendix B or that report. erso problem are being undertaken contcurrently. includingl

development of miethods to reduce bore lemperaCisres and de-
(U) The steels specified henir perform ,vtll as loi velopirvent o( imprsoved barrel materials. Methods that have betn

thring schedules are not too sevefe. However. if excessively and ant being studied to reduce bore temperalture include.
high barrel temperatures are generated by rapid fruing foe 1 s fpolanswt oe lrs enmutprolviond periods, several shortcomnings of steel become ()Ueo rpfat ihlwrfa.~tmeaue
appamet. of which bore erosion is the most serious. Therftame
seve-ral conseqiuenices or such erosion; (1) the riflhin beoe (2) Use of propellant additives that carry sway heat or ecoat
*cen away. leading to improper sp Iin of the projecthle. and the bore (asho called tsoundiAry.U~yer coolling)
(2) the bore is enlarged, thereby decreasing accuracyad
allowrinig the propellant gas to escape past the proclcile, 'hua (3) Use of deterrent costinp on the propelIlant Vauss to
lowering4 the muxzzl velocity. modify bursting

(U) Erowoimat ori niapmrivrtt of the Wor is Wtiei-ed to (4) Externil coolings of the hainwi.

stem rittssily(tor thre souees:The Wls three of these methods are disummed in Itefeence S.

(1) Chena" - reaction of the bore with p Iropellant , Exster-nal cooling of the barrel. including water-cooled ackets and
foclovied by removal of the reactio pr.cs fluxt Wined-metal jackets of high thermal londsectivity. awe druseusad
expoar a fresh bore surface for the next wave o in Iteference 3. Attempts to improve barrel mnaterials ate discusseid
Propellant gas uwanmt cycle repeats itself in siebiequent sections of this report.

(2) Thermral -melting of aveirythin layer of the bore
surfacie, which is "waihied out" with tho ecaping

(3) hlechutincal -wearm and abrasion fromr that sliding; OSe footnote, par 1.
projectile. ** norscomentional size used roe test purpose only.
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Kt%' It % Wt sl I IM~Fl IS 10 DO' Llt~r IMPROLD -4) 1,iJc Vniola *,ih I', ae a h,twt I~ hI, ist, 1ý; t II,.tv

WtI L' LKJ.L%" I LIK ULi,.ll i iwat I iPis.1w Mn ttnlr... .- tnrgi~. ii .~ir - -.lin.

it I, w.. .'.diui'.'rini, i~iw~io. i'~atlg adtel. aIt'ainrnhaveins ati .. o.i.... 41k.) P" 4,~ 0

Met~r iii I I. .IV- It, mo I35 t-* o-wi' n i r IV e,6 -,4% II I% a 1 44 I I.am,% adit. "Fine

W11-1, In.II cIi -W'tlilh lk I..- Venin Iin I fWW dt' In.'lVlWVnt%

trM~li It d i1cnn I Addn aiid , 11. -4 ,,, ni~ iel ýJ'< ct, r. h<[ltACM5-.L

Vih4%ik r11,,n It' frAtii9 ib. $04 Initudled Wcef %Iudies (in 41 %-rrsil si.tvi yerv trtie a% lir,-m -n %sleijdrrJ tierl

III S.Af1~tinelifl~limat hirw gun hrn, h' I ain~nt i re %Pv in Tsii I a

thew &MV tvt'iis- rwtlt, in the prigrjvehi In~tinwin The S ' 04
tita~IN.m 4 Itit,, itn'rk aai osntlmi I'd h ,I*i un~fer te tupert.-
Sisrioft n sr-1nagnvld Arorn - %prriiina-Od. W4e.sahutitW¶ %n-aa 1t 0.. VAn I us.1 is
OW1. ii dJiSusw~j in greater dsliul in ltcitervn..eI and 4-

14rftT In ,ctittfrminn. the lierfomancrfe0 akhof thew linerma~terias, asm
it' Th-oh-I ,,rd Wr I, he lamarJhirel a- inferior to thal of 

5uirlhite ZI linens The rnari, Nuull oft Oe. nistrije~(,Thr.ugnvi V.. 1 1 ~r I, te iantafi l1iYI lii streel containingi titanium Arr-rared lo. he h silrtftle~eo..
teiii as * 4,l'nl 4t1 '3 iteel. 1fl4(. As already noteid. th.is tI% mill kledirld Io ditrin utties in Via&..hinint and inwrtiurn. endI in &icvii use.
',vvinx niwJ H-nc,ier- inihe mletricAl. in l.uhn; With ferrous to preminit 5ti40.lloy kmw due Iitnittnrinievc s% kinr and %hipping.
and mniIv'tiL%% I iint,. have 14m5.f inlvetigated. Rekommernnjetmsi were mladte Oil aidi(Ptitnlnetepeirneiiithe

co~nduc.ted cm titanourn-hevititn mtens in drvvk'r v tairt duotility
AWlo) btectl anid m4,hitnbiklty Apparent~y, however, no ainioal wor-k 1044

todrtkraken on steel liner&.
41 Sumrnwsxw alloir streel went studied in) am Ai:empt to

find 4 harrt maternel wr'ensr to 41 " Arel Alhnyinttekwrmens CoNtnetBecallyw nn
ogudwJn inflsuded OhnIMIUM, il..kel. molybdenum. lungsn'n. AlyLnel

W instOna~tliu in si u cc~njnn~itatil,,lq~i5 and in amounts upi to tu) Because of the uiccess with stetlite 21II ct-elaft hawe
10) fwfs-en %thile -me of the Alloy %teel% %howed promise, alloy) several other cobalil)nase alloys were tnv-i~itirrd &% liner ma.
,inl,, vion dim"e watilient rlntentlAl adimintagi; to vi~mnt tetials, Conn(nntioni ofuinme of thewe atko) are shown in Tajnle

lianherJssln~reia I ... was Cr~doV lw~atnnystel..; the compolsition of Slellite: Z1 is Included for cnwnpanwiion
Ai rented earlier. thuit Wel ii curvrently used for small arns
Ntvntet. Along *tith 4150 steel. (U3) Performarce oif the modified Stellites comprared favoe-

ably with that of Stellite 21, although none of the three modiflcf-
Titanium. Writ was found to be silpenor to Stelltte 21. Foe eiamnple. when

finnig on a 50).2 erosion schiedule' in a MA)n<shlher barrel at a rite
tAW In the eirty 1950's. finnoy tests were performed ont of '0 rounds per tc'cond. the velo,:ity life, baued on a M00fps

barrelS Made of velml~ty drop, was;

4 1 Unalloyed titanium

0)I T"4Ferrochnonse Stellite 221 400
Stellite Modiric-at'on-Heal 1 3154 1) fl-SAl-So Heat 2 330

Heat 3 390
~44 Ti-Al-SOr.

Sevee eosin wa o~ey~ aflr ~m~ t ~(U) Cobalt-tungtenpt alloys, test fired undcr the gamne firrngthvet tta oniu had oporrtett d afte a f b round.em It only wnhaen schedule as the StcllittiM had in average velocity life of 2225 rounds.thattitniumhadpolatui asa brnelmatria I oly hen It was theriefore concluded that these alloys were inferior to
bore couldi he fully protected from th prplatItssSm Stellite.
efloets were made to use titanium barrels wit? ýnolyb-lenums
liners hut :hewe efforts were dixvontinsied bectiuse, of numerous (U) Alloy "- 16 linen were evaluated in fintig tests on both
difficuilties with linatriet an .50.eaitier and .60.caliber Machine runt. employint a CGL 350

schedule" and a %02 schedule, reiplectveety. In a limited number
mebk~um-of ests "- 16 was judgcd to be infecrior to Stellitr 'I an the

.5Gouaibe- barrel, but was considered to be a usable I ttioutig
(U) In 195 1. & .30-caliber breech section made of inolyb. alfeuattv infenricf imbsiitutic for Stlelite 21 in the .60.caliber barrel.

d-immn was ft-it r-ed to vee if this material could withstand tIN
explosive forces Involved. As feared, the bairrel bu~rst into 4U) The remaininsg coball-base alloys lWsed in Table 2 were
several pocces. Sog further woek was done on molybidenuam teat fired tin 60-caisber barrela and weft found unsuitable: as liner
basrell. manteruala.

LalfftMSgjIWIU *Z-2 erosponl schedule refen to 50-rouuid burnts with :-minute
cooling intervals between burtst and complete c:ooling acitr

(it)In he mny ffor unertke" o d~kp prved 600 rounds.
(li I te mnyefort in~nrraiento evkpinpot OOML 350 schedule conststs c4 350-round burst followed b

line matertial durnit the period 2946 to 1960, the degire of
saccess w&a judged by comparing the perfoennsiance ofth completo coolinS; then rie scce 50-on grmp iwn

- - - jsting of IO0oosand burgts At 2mmute Intervals.
Cu~rresutly. the Spriingfield Armsory is being closd, and its
senalksinn researich group has moved to Rock Island Arsenal.

The "rap Is ussiet the dlirection; of Dr. A. Hammer.
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TAIB5L~E 2. (I33¶MKWAL JMMflITK*ON M ALTSA51 ALLOY LINFROU1

lS1.25 5 - . 10 2 - 1. - - 7

S-616d 2020~t I)4 0.5 4. 4 0.4% 0.3 - C S

Heat 53-15 22.69 13.:0 6 - 0.4 140.7 2.73 0.31 0.41 03 - ow

53.16 salit 2.76 13.6 0 0.4 110 0.83 0.12 0.35 303 - d

L'33!5 5. 30. - - 34. - - - - 113

3.4105 . 20.4 01 4 0. 5 .3 1.62 0.06 0.30 - M ad

Hu .-50 33.69 15.90 -. 0.4 10.77 2.7 0.35 0.72 0103 - i

$031 30.36 136.48 2. 0.6 7.652 2.95 0.37 0.353 0.03 - ad

S12-A 31.50 6.72 2.5 0.4 7.97 2.33 0,13 ý.I14 - So3l

S14-A 29.94 6.60 2.4 0.4 13.08 1.38 0.20 0.12 - a d

011SMS~ntfix-M jimm(U) Basedl on O the clesful perforim-At of cat Stefliteg3~~~j~zl~bi lien In mahin pas. it was felt that ifra chrmisum-oe allo"
U)Itrsinchromiur-balle-atloy liners bepn uyin~ could be developed with about 4 to 6 percent tensakl slowst"a.

World War it. A vurvvy of vanous butary and tlrnwo~ wystema tsol o rc uf iigASz--7'-A lo
coolducted at that tune indicated that Cr-Fe alloys covitalimsn was developed that. in matiy cas exh-hwced swar ductsiiy..
alractoay Inetale Itunpien. rn.~ybdenuns. tantalumn) appease However, desxte instensive "uits n asefirect of varying do.
ptomaisis with repid to atmngth, ductility and geistauce to oxdto maiq3 tic smid btlt-workat practice. a cnsuserntly

theral hoc- SvmiCr-e aloys Posesin ishoutductile saterial omeld not be prod~mad. ibe barels fired antheral lsok. eveal r-F a~oya poeaen ~ finh a W02 worasmt schedule failed aften 3a1), 250. &Wd 264 tounds,
points aw4 cacellent convomo arid eosomon resistanet to Ptronntonrvae cre ukn adeoia
pellantt pass wel re pared asid evaluated a Wanrs. Theytmniotmn eer wigsodtoin
alloys iticluded: (U) Th cofi drawn from thisu k was W that

Wche-M doium~hun. Allo,. prominsg linwr matest"l from the
OWr-tSo-45F4 #anpoin of actiont sawiasic but ant too susceptible to .

dO0-10tO-3w~e arackint. if sufficest ductility could be developed without
35Cr-3W-47F*0.6N incriicisil other desiable, peopernet, du clonmiunim alloy
50Cs-2W-44ff (Vacuum weited aid cpd). bri would peobatily reveerse t a sipificaint unpraoesnet 0"

Stallit 21 Roomsi

(U) Uemra 600r-l Sllio. a howi we"e test fired in .W

veocity life, thery wesl slightly superior to Steltt 213(430 (U *t tdoitovmfettb9w~lw ik
rousids verus 400 roundr., based oan 204Ps velocity drOp.()Ed teSSQISWrintstoficeadnck-
However. they wer only fair onthe beas of yaw. It wasco alky Ihmse densomaeh'ei that these material were vey suucepti-
cludad thM toee lawn totedrd welar vwy well but wav ss Ma. M to ntergranular attac by the peopeialat p.us, ukin propeti

cepibtsko adftalloyed with Muul.

4(U) Liu= or 50rr-5Mo-45F* aild 6OCr- IOMo.30F* omr (U) COmpotihl okS sonma Of the cb.-omWbM-coutainfts
4s; tMn fireld under the condlitions desr~ibed above. Th e alcktlbm allorys kwatipted ate showns lin Tabe 3. Teat
fanoesesc ot the 5(Xr.SMo,45Fs linens was simar. although firin of ltaconel X pIea rsmlts inferior to those for Steltitt
skogtty inferior, to that of the 60Cr-I Sio.2SMt Mlersa bunte 21; the lendai wer;t~ itwsi tsvily and he,b was evidevic of
WieWWI thidted by $10129 yaw rather titar by velmety 6-0. inalatiatacit of ial'eluner. The peiormmnco Nutmonic 90

Evltbot fth rl mie arits of the 6OCr- I Mo.3O0e Ilses am likewise unsatisfactory; much of the txqv surface showed
wa o no atmpted becamse the bombe had beeneran cheownPAO inealldcking #Wd Moreln wel a wen o es and

Shwof the ulmi. a.rng

U NCLASSIFIED



CONFI DENTIAL
7

STAIII£ 1 3 ('ltfMkAl ('ro sitmSrI of. Nk-M-111A*I ALLOY LI11N1R$4 )iIIJ

M-jtvrtl fVt Mo Mni IN 1v C, 54 0 At It Other

In,.une X 14.7 - 055 - 6.75 005 040 1 (A 0.71 .1.34 -

Nimions. 90( 27 - 11.70 - 0.93 a 06 1.29 - 0.J2 3.44 21.1 (o

llstetk'y V 14.) 2215 01 2.0 5.2 0.£ 0.5 0.9 - - -

I tj) net 2:.0 b.5 0.75 5.0 15.0 0-25 06 1.5 .1.5 1.5 0.16

41.1 Testing of liners of modified) 1£Asielloy C' Wv to the with con~wuent erosion. This susceptibility £0 btettte rrsikung
sonctusion that thri matreia£ wait not sufficiently durable. is p ~Itciarly daltge iit ma weapon hus~ause the Wsent of

damage cannot be predicted with cot. idrenctO1.
tUt A HAyneso ADA' liner was ttstirr in's na MJ.aliber

barrel. Afteir only I1S0 round% of the 50,21 erosion scheduleg. the WS Many7 efforts wel madle to overcome this btittlirnewi
sekx-oty drcj, CiLkOCI~I :00 fps and the liner was found to be proiblem . becusvw it *a, known that molybdenum was superior

-. mked.to Stelble 21 with repect to e-ouon resistance. Attempts were
made to tnpmvve the ductility of the brine by alloying and by

4tV Saws) Upon thMs reults. nwicel-basr Wallys have not developing beter mechainical-worlings ichedules and strrm%,ftIjef
been ;otsujered strong "Wnidatea fro erosioss-mulaant linirm treatments. In addivion. attempts were mnade to take advantage of

the directional properties ansociated with heavily-worked inolyb'
Ifln-AluriiimAivlc denumr. Other approaches included use of (Il I wsiented molyb-

dertsam linges of various detigns (2) double linen in which the
t U) Two ianw-aluminum-alloy liners were test-need ini SO- molybdenum is encased in a material having an exparmios co,

Caliber barrels with the C'GL-350 schedule. Alloy compositions efficaent midway between that of the molybdenum and that of
were: steeL and 13) molybdenum linen made by powefrimtrallurgy

methods. None or the effoets was successfu; in eliminating brittle
F"Al-AI-Cb crackting in molybdenum inen, eten though it was deimomrated
Fe-SA1-ITI that, on the avenge, use of propermy fabescated and designed molyb-

denum liners resuilted in inicrasied barrel lifetimes in comnparison
Foe both aterialtris, the liner was -w&MWr into the bore after with those of Steliite 21 liners. Since 1957, little- additional effort
only 200 to 30N0 rounds had been fired. Rt was concluded that has been made to develop -improved molybdenum linen However.
these alloys ame unsuitable foe use as liners. it Is still viewed as a pronising material for linen if a mieant can he

found foeloewerinig the ductile-brittle transition temperature saffle.
h*ydeu Aad~~x0Linen. lamently to eliminate the cracking problem.

Of the variou metia and alloys considlesed for use as basteS CzkWJW4~t
linen,. probably nione has received mtornt attentions tlsnn molyb.
denusm. Its outatan' %iig characterititcs appear to be Its hsigh (U) The expeiience with molybdenum Linen led to studies
oneltinS point (mol aenum melta at 2600 C. compared with of'other refireciry metals. Colunbium appeared particula"
1450 C(or gun steet and 1250-13W C for Stallite 21) and its protsnielitsgmlispoint wasnewlyawshighasthat of iolyb'
resistance to attack ry Wct p.ofllant gasecs. In early tesits on denwisfand its ducitle-brittle trassatioan temperaturet was well be-
unalloyed molybdamm, it was found to be too soft at high lowroom temperature. It, addition, its Uterrsnal-epanssos cc-

41tamenin tuses tow rAR the engraving stresses said, hamice, Ow efficient's being cosiderablygiisatethainthatof molybdenum.
lands west quick'./flattened. Alloying with 0.1 to 0.2 percen seaduced the thirmnal-expanalion mismatch between the line and
cobat inreaism. the hot hairdness of molybdenurmt sufficiently ltsa stel barel.

to verom hisproikis.(C) One proble witlh oiatboasm appears to be insuffaicet
(U) Another p-robL-m, *I'.-n brittleneas, wait noot sohot hardness. Attempt to overoxmse this diefciency intclude

easily overcome. Molybdenum undergoes a ductlilty Itrunsitlott al~loyling wsth tasstislns or tircossum, cold-workmin and osud~afioss
asits tentrersture is changed. Al low twispertantus (Including of the valliacin to produice Interstitial Isaiderning. Tests with partial.

toom temperatre). molybdenum. unleso xftrnsly pure, length lninen have been scessg However, the moet significant
veirr brittle under tensile loiticisg. wherea at elevated tempteD advanee as refractory lIMer Involves the slevelopine. I of thltt-wali.
flues it exhilbti apprcitable tensile ductIlity. Witss a gun is fulil-length iness Fainsg te-a anbian containing full-length
ftied. steep tamprantuaw gradients own, at the bone solae, colwttbsikim-llmtia of 0.025 to O.030wnch wagl thissnes rniter-
giving rim to convisprinve Means in Ithe hot surface layersan - datily hatdesiud, resuolted in bnetel lifetimes si~piricassy greater
they try to expand againsit the Mestraintlspoeid by the Wr..6r- than thou obtiaind with Stetilte linerst or with molybdenumn liners.
lying relatmviy coA ol aes If the thermal 50m is rat enisM0s Fo7 examtple, in.5O0callber beveila, fring 15 rounds per misisutei in
the hot layers will deform plastcally. Upon mastin, the Pit- 20-round burifts the followin benrl lifetouvisa wmr obse.rve:
face layer winl have to stretch to return to their original di-
attentionis, La.. they will be strewed in tensions. Tensioi stationse LimNM lureS Lifetime VaUnd
in itolybdetnum at temperatures bealow, the ducitile-beilfle tran-
sition frequently lead to fracture. This, in fact, has proved to Stelb"t 5500
be the maior problm in molybdenum litners. After fliring, Molyldsksem 2300
cracks ane frequently found in the liners; this leads to the Colusnblus. 3500
pwailbility of loosened particles jamming the bor or allowing
the proipellaint gases to leak through to the underlying steel
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WI) %i,%t .'t the w..L k.mndukted! nn 4-uni"'Un WW It

took platt its the ftot lQsii'% and Owe pes sin results appweare J
fteiwareuint adlditimwlretlut Ilowtever. a%'pwýMtf~J outsArlwr WK5f4RLN KAKMI
wet Iuis irrtt. interest int titipruing stali ars itewaned en the
eaortj PONlis 515. it art'tan that no lslisiw up work was %u*fnw san ~na U
dented. other than that *hi% h ha* tven~ttly been initiated.

(ciansi~~~~ an eetLnnIt' I hr"c pr"4. ts are underway at Pink tIslend Am-saj,'Cc~mKandt'ctvvt Lnemi ktuh Island. Illirntno tlhe pesioteit involve liner matessah.
ills Varius errAiiet.i and eiriect mlniAtrh miight he con- mauauignnhd.adbe ramn ehd.!pSe-

uagrder likely candPJidate as harrel linen i'eiauie tit their high fit ally, Otte llowing priipann am tweing pursuedt
"nettling% s p hint gkh hot ttatdnen. and. in mtany saws., res1~istane()f pUntnugo efalr-ie ie osel
torfthikimi with gPi~ro;tant sases Itowetri. as with moybdenum.

it might be antsipatesl that brtittlenicu would anipoic severe pest- (2) 14 ocirens of hetirwst~uvyhmeA 11am with stee

it' It ap~'rarsthut Iittle eetivreha.bNon made tosusesuch iilitslnilnaantiugeset
material. Itr gin linen. IRepertsuoran attevypt touanashort taploseir londuin (U)Iouensaeliner in a SI-culibcr barrel ersdikaee that crack~ngt
c'curred onl lse rent roiunsd and oniplete Iragtisentationi attnill IV uiplimeisrchoing eatperiments arethbeng usidiaceed in
10 rounds Similar molt'~n were obtaie With a SC'-NI erres. coeoperatiiir week I ranklued Aewnal. Preliminary work on ekes

subhect had twin done in lJlý Ill In current wonk, thn initial
Surface Toreatmetrcs expeniments consinted of boadisga strnp of tantalum anto a

sinp of steel. Suabs~ieittty. 4112-inh legthsiifitantalum
4t l N4umerous attempts have been made to improve tubes were es~pkmnvely bondted into wnisooth steel tite'. The

hasnel perfornianece sby treating the bore surface to impeove third step was to bond a listal. lbese. lantalsalrn-allgiy IT Ill.,
its bot hardness aied its resistantic to attack by the propellant T&JI4W-ZllA tube into a panifrled stee tube, thereby formning
gAses As already notrd. chromium plateng waq found to be thle nning on the tenitalusi hlte at the time i te e% eplosnly
very effectrse in improving barrel lifetime. Int combination bonded Initial inspectioni of the resultant tnain-lo-ie
with a Stellitr 11 liner, it lornede the standard for comparison steel tube revealed sense cracks &lonk the rifing, but this was
whets evaluating: other methods for improving barrel lifetimes, thought to be the resialt of thllatuii outs with haid cold-worked

tantalumrts

IEU) At the' writing, steps ane being taken to apply expapiriv
MU Niending is a peocew whereby nitrogen is introduced bonding to longer tubers. no mirulti awc availiable.

into the surfooe of steel to nespart a hard, wari-tesistant surface.
I U)Test onritidedbambindcateimpovemnts(U) One of the additional advantages of es plosevely, bonding

i~l estson iendd barel indcateimpovemntsthe liner would he that in eke pren, gain-wist "flling would
over untiretedr barrels but not as vreat as those due to chromium be incorporated. When the litter is introduced by swigpng onto
plating. Using the two treatments togrther. i.e., chromium astolid mandrel. on the othe hand, paus--twist rifing cannot he
plating over a netrided layer. has been denmonstrated, in certain used because of the obvious peoobleaso atirenovnn the mandrel.
insitances. to 9rve better performanice than chromium platting
alone. Howeer, the benefits of the esitrsding prior to chromium £11311121 tU)
placing apparently are not sufficient to wourirst the edditional (C) A firing test peorot is under way to evaluate corn-
operation. Conssequently, currest practike a to use the chroen- truded tubing prepared in ~96 under a contract between Nw-
item plating alone. clear Metals Divtssot of Wisitate Corporation and Spring-

Wield Armory. The prebhminaty coextrussoes trials were made
on AISI 4150 steel with a Ta-lOW linet. The tubing as sup-

(U) C-hmomizing te a paeucs sin which a chromium- rich layer piled had arn 00 of 1.43 anebAs, imslsading a 1 7-miS-thkck. low-
a formeood on a steel surface. One procedure involves a displace- carbon-tee e'struslvoes jackert. The ID) was 0.320 inach. A
nesta reaction in Which chromium sgtarin front a chrsmeium-eadideo total of 54 pieces were supplied, raniengo fvrom -24 to 30.5
vapor replace besn atoms in tlse steel. Chroinizd steel has a nun- inches in letngths. In 47 ot thean thes Ta-lOW liner ha a thick-
ber of chwsetersstics that Ovem to be attractive from the stand- int. ?S 25 mds: in the other 7 ke liner thickonese was 10
point of Improving gusti-barrel liftanser. These characteristics iny- mi . ia c- '- hal ma benmthda to liner

eud:()resistante to oxidattn anld seaigac ihtmea alloy and tinelue asea o~f Jamiary 30, 1968. A tenutatv con-
rum () p~d adirriecee o ths ba me W atu (3)goodclusionr baosed on two extrusion triala; adi ones Wrwing terstsa

tuatna, 12) ood deressoeania tthatb etl nd()god tp.r lie was wtillsggd to the steel barrel. and that
tl~i45Ok eassce.somewhat lets wetar occurrsed at the origin of niling in the

(U) ~tlorags cauninngbaabeenconideed fr u oncomposite barrl thtan in a dchromin-plated steel standard
bore madfams, noa report have teen located that would indicate tre

that any r-agn Sb have eve beas conducted on coeltrideld Iluwlmwni (U)
QMMaa-ro&~m latiL(I)) The -lontlmC~ u 6l;ea namne givuo to the

Dergolsats slow-dischargiroe m ad of nittiding weith nitrogen.

iveuvud ai idenbestraoon -n a miasofor moprovuig the 4- "tlttiert is han iissnpetaf t P 1a Reek Isiland Arsenal.
dai o sea bevS.Derposits stadlied included elife USC (C) Insa (firn test wfth NtI bamsnvk(Sa-buniil 'Gma

perce t ebromium tor twituch a 94 pe *2 nt chromium. Desopiteo Vulcant guan) the failowia flee evaluatesmd.
somet peomtadto resalia, the pol -cedure we not developed to the
paint whame it equaled or exceeded chsromiuhm plating sala method (A) 2 bank mtatoseod ehsumuokoewpateod steel
foar lasplroks banarl pefonnance.
Vanor-flegoItell Coatirngs (3) 2 hawkoIL loWUlade steell

(U) Limited studies hae" beets conducted ais vapor deposi- (C) 2 barrvhc. loyahitliedl and chmmrotheiun-elard steerl.
lion of then coatings of molybdenum and tungsten on steel
barrels. These studies have been concerned primarily with allan-
bigt good adhesion, uniform thickest. and a suitable micro-
struicture. Apparently, nto firing tests have been conduicted.
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it) A 1tW).01r,'unJ tins; prtwrAInh uas Planned fr the hIU Preliminary evaluattsm 'lwgrits that I/lWl and I/(r'slg tia416t, that is, %(ilkl round p-'4 bi10ri lit test% were molydensurm alloys And laI W* are %spefisi h, ilier materialsteltn'.nted let10r4 .. i-ptiktng the entire 1i1.(Xi round cltksul eh tested, un tests made h•th wsth and wilhout a lIt$l 4jid-ime
br. a of +I a -wnprkrle tailure"e qi. r rrafrki si o l One Of the
"-t4,"h&a lt Prs. I? tlhs sevent. tite *:It.hl l rtonds. •. toit the IPM USS1ON AND ( U%(LLSIONs 4 ;,

4 "111 nitrs.ed turret had been reiiaims-d tws jus of xesv
vtkeit-o kfAi I'ttI tpmi at that Il(mu•+•.th the 'A" and the Limitataons of Warrrl-Watcual Stipt,cst(;
"C" barrlIs welV sitwltishktotj tltndelrivo

4U) To• brief nivwe of the literature ind•iatei that a
it') Thus. prlhminary esperensnt si it to ittsiKtae that wkde varity of matenals have beein studied. and suhtrquently

the lohnitnde barrels l Ict no adsaistas user the standardJ fittled, as tandslates fot 3mprottog the hlr:ume ot small
.hr%,mium-plaleJ t•'-aik. Nesvetth+et. .uffelt plants :all (OW aims gun barrels In tomre La•es. the sudies rcem to have htcn
,tintinuirig e~per•rtentnSg with the prI•%css in an ofatempt to. very thuorouh rnj invohej repeatlJ attempts to Optimilt
imprtef it. Prose-Uing. desgin, anid lahicsalt,,n, furlhrnm<us-. (ii, ltiini

Aere hbaw df I lrtire number of Carefully (Ontr,llej i-,rg
A•nn MC•;hnas an.4 Natcsals Rcseaah (.'Ante( lA)1 (U) tests, followed by an euamnnation of the i•p" aurfa.e to idnq-

Iffy the cause of failure. At the other stireme, a paticularTi; At the time of this wntitig. AMMRC reports that materAl may have h•er tested in only one banrel and the .ause
the) hadt a a .lafwd prugram with General ElecLric Company of failure may not have ken established Th lfatter basis for
on gun barrel materials. Presumably this would be foe the Mini- diiqualt•fuysu a material Is clearly inwaffictrns. but even the
gun. Further details am being provdled to DMC, but they have thorough testing may leave a number of quesltion unanswered.
not yet theR rt•wervsl. FFor ea9i1ple, In certain "at, the mattrilW under test eshibhted

F Fo%.t jWa14, (U I lifel..ir Iea than that shown by a Stellile I tier when tted
under a partKular finn; schedule. However, tits enitirey pn-

lbke that under a different finn; uledule the pcrformanre I
W) Eglir. AFB rp-its tiat they hav a progam h racUMp wculd have been reversed. To be truly meaningful.

(',eneral Motors Corporation on the vapor deposition (-vapor thewe material evaluations should take into accoint weveral
plaling") of tunpien tiside steel ban•el& No details are available lactors, including:
on the pro-ess of the prop-am.

(I) Caliber of the weapon - the relative ratmti 0( omealm
(U) Presntly under consderation by Eglin AF ain barrel materials may not be the same for weapoms of

pfoplams toe ;cwx•tuiow sf Ta-1OW-lned steel bureks. How- different caliber. Tho could be the res•lt of different
ever, no contracts •hve been let. manmowhich Influence heat transfer.

I|lmMshiAmh ist) (U) (2) Type of pnpellas[a - both composition and flame
temperature may be important in determining the

Exploratory invstiaton of the erosion of gun-banS severity of attack of the bore. For example, it S
maternals has been carted out in recent yea by lIT ResKcah known that Stellite 21 linen melt vety quikly w
Institute. Most of the work was supported by whourn funds. used with a double-bhe propellant, but vc reasont-

able lifetimes with a single-bait pfopetllancfl If
tU) The apparatus used was decribed as a higlh-preiu a high flame-temperatum proellant a used. it Is likely

vented bomb. In this device, the hot combustont gis from that any refractory material, even though iacepstble
.a 31 mm car•ridge bumrni M. double-base propellant ecape to brittle cracklng, will outperform the lower melting

through a replaceable wale. The nozzl ia made of c&andidat Stelite 21.
barrml materials. and is subsoctedd to thc 96abbing -.tion of the
hot combuibon sases and unburned powder, but nag to Wi. (3) Flhig Sclthedule - Ihsis ban extremely important fat.
tact with a prgectale. toeo in evaluating various materials. Relairve ratinge

oTf riroug bore matteriala establalted foe one ruingl
(U) The follovwin inert materials weft irwetljataid: Wleulu may be meaningles for a different ruing

Ichedule. For exaniple. a hi6hs-melting-posns boreAISP 410 AIl material that is brittle at room temperature. might,
,damet 700 if fired continuously until failure occurred. out.4DS die steel perform s SteWi.- liner, which would rapidly eaced P

AISI 4140 stMl, with boroaized coatlaig its melting point. Gn the other hand, rimg in short
High vanadium hi&rspweed steel; 1940Z burts with intermediate cooling would probably es-
TZM molybdenum Alloy suit t craKking of the brittle material, whereas the
TZC molybdenum alloy, boronized Steellte woul perform welL
Wwpaoy. boroseed
To-I OW alli, itrhv (4) Composition and condition of the materil b•n
To.-I0 oWaoy, bae evraluated - thu point hould be obvious but it has

received lilek attention in the varlous male'alsWeight Ios, hardness changue, and metallogaphsc emualonm aluations described in thi report. The fact is that
wer; uad to gvaluate the candlidate m rtoaleal te asntioth, hartin•es, and ductility of materalsl, tilh

at ambient temperat••r and at the temperurures en-
(U) In addition to bet usnd foe nmatrialis evblatlot, the Coun•eled in the bore during firing, a hqhly d•epn.

7IITRI device aict d ma mee sof a llui th evffect of dent upon the chemical compoioln. and mechanial
addstaa to tUK PoptUW.L and tlensai lhistoy of the material.

"a(C) The iruing schedule as: 1200 rounds in four bunrgs of 300
rounds each i this takes atout 3 gc), with IS seconds be.
twain bursts, folloied by complete coolftl wd itinin
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~i) Almeestki to desmn and lahbr.-aikn details - when a t4a i ; , "IlAhTbS for Altumalt.k WcaPonl . fraklifn In,-
hanr: a uwd in s tl .aodutitns must he atitile Report hA-2.46I. May. 1961. t(usfiJentll
to thal of the -rlr l malterial., Stellahlc, foe rlnpie. I(,) Gun Tufts. l-nmenereng Desg llHandbouk. U S Army

elp4anis morie than gun '1ant. wheras nmolybdenum. Mbateri.l ( 1manand Piaphlte AM( F 70-.25, Februairy,anl . , olhtr high.melsntgpmn- t miiulcrtcNl., rispand leurid

lewm Shut steel. This alk.-s the rp•inl,lity that trhe
sl. wall csp4aQ away (rom the liner, leasing it un- (hi rllrgdoll. V V, and Quinn. B L , "Annual Reptlo for 1954
supposrted. And, thlrhyerey, ureir i totar1y the eire on newarthe• a• HeM Transfer and Vibiraltmin fu Sinall
pressure load. %with regard ti fjahr•at,n. it is iam- Arms Automatic WVaporos". Purdue VIwerswty Prowrl' No.
pohtani that a lincr he ailched to the b4rrl in %uh 3 1U. (a•tr•I No [IA-I •b4J 2-J~l63#l, JiM 3955 -ra way that no in•al tangr of posiltiw can occur dunr'g

A-n 47) ergdoll, V. IV.. arid (odwne. I K . lTemperasuru I-n-
ountered in the (ashiver U 50 Machine Gun Barrel Dunng

In) Reason Iio ha•rrel failum n firing tests - barrels radi Long Bunts". Purdue Univenhty Report No. 300. (lritracs
for vamncus ream,. nt.luding wearing of the lands at No [A I l-022"OR&J3R. May, 1955.
the oesn of nslang ýruking At the bore surtace.
melting of the bote. or borc crt,-,n. In ittempltn (6) Tenichin. J. R.. Nicol. W. R.. Edwamds, J B.. e al. "Survey
to improve the pertormalice of a pal•Krula type .s( of DeIlop•• rnts in Gun Pr'ulsion". U. S. Naval Pro,
materalW. it as importanst to know what led ts failure, pellant Plant. NAVWft. Report 8693. TechnKal Report
For example. f the but suracwe metted, little blenefit 11. Juea 304 196•,. tLnfsdfentilij.
wm 14t be gained by a program aunes at imsproving the
ductlity. (9) Hannum, E. E.. and Palmer. F., "Final Repan on NIO

9689 Fanns Tests wth Molybdenum Lined Caliber 0.50
Gun Barrels". Franklin Institute Report No. F-1359

MD O1 NEPL WR F gIMCA f ) (No report data).

(U) It eins sIar that tadier work on gun-irel mteti- (10) Persona Communucation. Information was obtained duriVn
ai faded to anticipate the high (mr rates that modem gun convemaatsa among Dr. C, W. Maelsa and H. I. Wagner
systems ar mechani.atly capahk of providing. The logistic of lattell and ADr. A. Hsammr, W. Kiir. V. Vieths, f.
and tactical advantages of a lonoar lsting bandl in hiajs-iringn Sohol, WAnd P. Goealsuh of Rock Island Arnea on Jlitary
rate gnu are ot•nuo. although economic consderatmons might 30. 1961.
pie"lvude the application of certain materials capable or securngthew advantages. 0 1 I) Ewes, JI. R.. and Cavell, W. W.l, "Preilminary Studly of Ex-.

ther admatasetploareey Ferried, flun-Wall. Losers for 20MW Mann
(U) Future retseuch on gun-barel materials, it would see. Ba"ls," Springfield Armor, Sprngfield, Maw, Teclticld

fron an analysis of the past and current work, muss emphasize Repot1 SA-TRI-7020, FebruMry 26, 1963. tConfidentutl).
the nied for severe firing achedlules. Many maleal, previously
diwsarded on the basis of cursory evidence. should be reexar jsm (12) letter firam SAul Iu=eu, Nuclea Merni DIviron f
in the light of current needs, but the trend towards efractory- Whtittaker Corporation. January 2, 1968.
mietal-alloy liners sents logical. (13) PeLrsnal Commu•ication with S. V. Arnold. AM MRC.

(U) The majority of past and cuterit efTorts to improve
barrel perfoirsance have emphasized the we of linen in steel (14) Perwal Commwakatloa with Dale Davi4, Efin Air Force
barrels. If maximum performance is to be achieved in modern Bag. 0
pin sWy•seie, it may he necessary to frind ti.ne materials super-

sor to steel that wll be capable of operatinl for long times at (15) Ltter, from T. Watmougli, IThRI, Jamtr'y 25, 1968.
temperatars mexces of 1St0 F without distotiorn. Nickel-
bs and cobalt-ba ipenuloys and posmbly sven refractory-
metal aloys m candidatea fr thos saplication anid should rs-
min anannio concmmently with Liner-development programs.

(U) tIa sasy instancest, the lack of nsanufactsuing methods
wau a deterrent to the preparation of candidate barrels sitable "
for test firing. As an example, shrank fitting of certain comb-n.
atioes of inaer and taue has not been developed to the extant K.
needed to nakwe barreli(5). Crlfy, imanufacturtng-methoda
developmiet must -omtpiauy the matarils-development pro-
gums if difflladt-to-ntsufactuv combination ar designed.

(I ) Kkasbeuli K. D.. "Accelerted In L~fe Tat of t',g S
SUU-I lAM Gun Pod'. Air Provin;g Ground Center, Egfin
Air Foms bae. Florida APGC-TR-47-9, September, 1%7.

(2) NMaiol - Dieftes Research Commilte•, "Hylpaera lfy Gurn
andsOw Control of Gun Erosion", Washinton, D.C., 1946.

"(3) Cohn, G., "lasels for Automatic Weapons". Franklin It.

stute Report FA 2251, 1959. (Confidential).
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MILITARY SPIltlEKAT1ON SFI-IL. BAKS AND) SLANKS 4VNIJ*E
- ~IM*#lkS IN DWAI TI )R)8 I- AORIELS 01- SMALL ARMS WI-AftJS 4UP

4WI 1. Aliplitaikm furecopier dioiakibeadil wJ iv ther S%.srt
of Automotive F ngnears. lmK- 4165 Lexaingittn Avert... %t*

EU I This' shvpec~wiracat~iverakily steel ban and Yust. New York I 0 17. 1
blanks under 2 irwhles in iamelte I'M LAW in1 the mnatufakilint
oftbarrels for smtall arms weapons 4%ca 6. 1 and h.3). tffethnal sai e tly and ltencl~hal awiiaiat~i-m~cfma~n

anad standards arft prnerally mvailable fcr rrfervienfr 5m Is-
(Ul I..' t1siaa0.tml. brarmse. They are also dat~tnbuied among ierhn,,j iaJ gn . and

using Ferderal agennws- I
jUl 1.1.1 Conpoimarnon. Bars and~blinaksshiall befurnuuliewiin
the 4ýornu"Ixs ksitedi n %Woe 1. As spectified Ewre 6.2). (Ul 3. KF-(U1R9-MENTS

4V) 1.2.2 Ilnrtr n Raand b~lanks shall be furnished in tUI 31 C-htmKal composition Tehemtvi~al compositiosn
the folowng; conditions, as spciFied (wer 6.21 and t&3); shaiU conform, to the r~equuemsints shown in table 1.

Sas (mill length 1.
Hot wailled, as rolled. TABLE 1. CHIEMICAL CO*POSITION1 I- VsI
Hat il nd and annealed Ism 6.6).
Quemb~esl and tempered. -__ ------ .--.- ---

Blanksk and gun barrl bar tengths. ORO 4150 Chromnw.4oAy.
As rolled or as forged. 004t" _)tfy1ze._ anu-u
Cold formed blankst iphervaidire aninealeld

before formngif.
9ouenched and tempered. rrh1rt eiis

(U 2 PPICBE OCMNTSCarbon 0.4-0.55 0.47-0.5 0.41 -0.49
(U 2 APUAUE OCMETSManganese 0.75-1.00 0.70-1.00 0.60-0.90

(U) 2.1 The following documents, of Me Easeua in effect on Phosphaorus 0.040 . 0.040 00.80
date of invitation for bids or request for proposal, form pr Sulfur 0.640 0.05 -0.09 0,040
ofthis sliecificiatios to the extent specified herein; Silicon 0,20-0.3S 0.20-0.3S 0.20.- 0.35

Chromsium 0.80- 1.10 0.80. 1.15 0.80- 1.15
SPECIFICATIONS Vaotybdenum 0.25 -0.25 G.15 -0.25 0.30-0.40

Vanadium 0.20- 0.30
Military -Macroetch Test and Macro.Chmalrneaidussbadonalealys
MIL.M-I 2216 graphs for Ressalphunzed Steel ICeia agsadlmt ae nldeaayi

Sam. Billets and Blooms.111 
2 Maximasm ecerpt where Indicated as a range.

STANDARDS 3Steels coontaining elemensa not designated, in excsa, of the
following amounts, shall be subject to reflection: copper

Frf"II 0.35 peacen t and aaiansesaus 0.040 percent.
FED. STD. NO.48 -Toleuncea for Steel and lion U .. Manfrl etfe adeaayi fec

Wrouuht Products. ()311LI mra al nlssoec
FED. STID. NO.6 -Steal: ChemnicallComposaidon beat or melt of st (eel 6.31 shiall be furnighed by the cor-

and Hardenability. tractor showing thet puerwtmaps of the elements presentL

FEDý4. TEST AttalOD Test Mgthodi. (U) 3.1 I.. -ltskanajib. The chseraical composition. a
LTD.NO.151e~;determined by check analysis (me 4.4. 2 and 4.6.2. 1). shall

MIJIIW ~meet the applicable reqsirenuents specified in Federal Standard
MlL-STt)-l'3 -Steel Mill Products Prprto No. 66 except that check analysiis for sulfur shall be required

for Shipmenrt and Slterage. foe ORD 4350 Resulfuhzed steel with an allowance of 0.01
MIL-STD.430 -Macropraph Standards fot Steel percentuandet oarover specificartionlimits,

Ian. Billets, said BloOML (U) 3.2 Quneld lad tesrrwrd cnditfio twe I2 )

(Copisofspecifications. ttanralda drawinlap. anL-U4... iim a i bak pcr nteqece
publication, raquarad by supiers in connsections with spdf and temere 1. oMNdada bans shalhv p neclvl harntes oqu277hto
piociurerment functions should be tablied from th 331ur- when temp ted -odtcn speife lasa a.. ainde 4.0.2.2. of27 t
activity or as dirimted bry the contracting officer.) 31we eae ssefe n443ad462.1

*(U) 2.2 Other blicationsa. The following docurment fems (U) 3.2.2 i at-f-ueaL Heat-treatmaset shall aconsan of
aparn of tw extent spcihe heet.on hu~ing. quenching me circualating oil, and tempering to meet

Iris atheewiss indicated. the Itaia In Wfett an dats of mnvitstlost specified hairdne sisand physical propeni-ii IEm 6.5).
for bids or "uestas for popasa shall apply. (U) 3.2.3 SIcairfi Unlessotherwise specified. material

which has been cold scrasiglistaned after best-tareatment shill he
stress relieved at a temperature notl lower than I SOP Faihrenheit

AMS 2640 -Magnectic Patlcle Inpectio. (F;) below the final tempering tempenature.
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be4.,.k £v all , sh d iI'. ... ... 1,,-1 #t v 1. i v rc -i4 !d ,i~.Iow.n, I C41414 . I464 'i ~ r~l %it 4.K ,we,

veIC'A~ 4W-01% ~ I vi. * s4. I4ý,Iwdvn 44 .J6~ 4 A;hl

%'- fllnU "4r I .. ,v I ,v.av411 * .. ~..- t...n i..rtu
K%~ ' .,.,j .. 4,, 1 1 -1i4. 4 N. i-lni,.dAI *AIl", hall 4M.m.-rr lI

be k- t!. A Ih , 4ý i.. ... ,v.I%'4e.bln.ae~q'4,v %Iv~jehlnes ii
Mile s't aho,d, ,v,. it 4 ,vt i uvpwl~ i g -.. g wi .4 t~li .4 inIIk till
nal~ air n'. CArj Iit., ,' rv- ti n.kv IA&rl n- (Iiv . IIjI~I

bet*I~ ~a. 9 ~~ 1.,tt~iIiiI*.l~'stsil.. j 4 VON"'1v4tun! I PI 'P " *4krl 'g 4,h I'. 4t t'-t vi t .h4nk %hall .o'lafi. marked
Mu, s"., I .i .v . I. .f I 5 I I 4 lvJ v. '- w% %1 411 Oil v.Jvn~ti the. hI vf -0t I It,' wo aiwi *, ~I,. r,,.I i, m.%

tak'.n Ir.'., 4
1
h' I'I' Jr1.* 4 ie V te A 1 14 411 -1-41 i vv.i tht rt- I v.'n"v4'y wvith be -- t$4r 'it th, II.. iI jar."4 4,.>vv

44.) I-il p S4f- l. 1'.. 44'. Aitj. ilt: 4 ý I ty4s p.x5lfd SilO' llual t.4 Irel ntenrt Wh- h iv v u*y i I .J .misi iluji l' .rý w I ilnit % 'h~il

,4U~ftl~l~tiS '4eS vi~d jt.v'.. ,'l.ntvItw 4, irq.uartd n Iiv intl,4lwin 1,,t hi'd, -* order. (-- 21

dit' -' UtviAkL As lorpaLIulU luticL oaal~uAkih'.4J0. W)~ 411) %,1krtAvltV it IAn.rd blAnki iihail he w-..nd um)-i
JAL Ilheq i'.Ar wi MIaink, Are4 Iurvv,.ký in any~ v1 the fvilter iny 4jUJIvIIl .Ind. '..'iivdvm. aettl 1vipeiir..aly free it(,r4t-iid.-

.atl%lr %vfl.IjvI'v. Ir..t t4v'~vw nsm Irvvfir smpli taken A% txn% (I( wethr'wiivIvtIt, borin,Vl4.rk. IwisI. war-% darmi.4d
%V,1 Iv..d in 4 4 1 and h,.ji Irejilvil A- qwv4'vv ill 4 h' I I I i 4,!ri~ddtssir~r~v 0tetnhdsm

It, fit,,i littel hjr,Ilse- MI 1 14) 1-, 4 4I 4,.r 411. .-,.vanakntl t itt. and 'Ie rae it1%fiumutt h ine on

Svvncil Njar,4vIv., *s .jd.-vrietnir umvit the at'nlv..vtle onvirriaon
tia'k. ,orvtAv'n~ v ~I'dii "41 A' IcJra %7,t.'s I eve w MrihlW 4. Qt.ALIIY ASSIL KAM(1- PI(OVISIU%%I
%lAnd.ud No' I I.k skill hrre j Awlirerdee kw'j.Il.dinal .vrshvavO
valvue at a Iemvi'v'4'taf of nilflut 40)" 1- of Hiit le~s thin 40 Wet 4I1 PC'evon,.ahiiy for intptstivw. t rvles" wvherat"
6*,ulvi unisav v shen tInsIvniJ .as %eIfhv in 4 0.. 1 And4 4.t. 1. 1. "~CIfItd ivn thir vonfrait orf pur..h~a-i oder, ihe supplier vm
%it ivonjnlwal %salut %hAI lIw lia tinm 35 fitt ritin'ifdv~ Whenif~v~n~l for the performm~,se of all ifl tiinvv1f iequ~ireflttmi
t4alv. Are vr"odu.Vr 4ný Fr r'.w1-r Which ansV4)Ie Aft upvet a% 4veofvrd herrin t- x~ept a% vIheruvw tretvfvvd thve vupplier
tilvrtnet ivpersli-o.v in he Vitdikit hanhiber artis. cat,*t test 'Ivay uliliie hi. tivn favliliet ovr Any v.,,m-'ivrfii Lahoratory
spri, rncn taken from'th %1 ,tAmN-r araltishill hvTt A Ioivjtu.adnall ass~eptablie to the (Povernvvntri The (Pvevrniment riewrvie the
girn4'i %.W<at. a4 tcusciraturc ot minus 4i10 F'. of fyit' lesst hanl right to perform any of the rnpei;Ivnn. set forth in th 'ei-
15 iv'4svvl i ~re'.vnen takinvii fromv the nkon-opvsi area ft~ation, where sisth inspistioni are deemed tie~eiaiy to h4S'Jt 4

tw.4 4 ttI 1 .44 Jl %hill met thin 40) f~xv-pound avcraW. avid the su~lies and sr ice .ofrm to piWvnbvd ftqviwttirmerts.
5h ost-esioind indJisidual Nvquirrmevtnt specified above.

11J) 4.21 C14..,ft, 44404 of injvrtton. All e'.amrnintton and "teing:
Wl, A.4 M4acrvhtrV..turr. uv this .peofwaiisn ,to daevvfe as quality conformarvie in-

spe'mtoon and Shll he to dficimine Lonffoirlunsv to the require-
We~ 3 4.1 ORD) 415Ut arnd (hrume.%loly-Vanadium. The4 menta of 4the speifitation to serve aia hamis [of acueptan'.e of!
qllahtý and .k,&nhrw%%' of the Nteinl A% indic~ated by the results the mateinal covered by this spesifititiom.
of the mi~rirl4f~h ts'st ispe:vted in AJ4.5.4.h- .:, an~d 4 is.2.4
shall1h N euall to or teiter than micrographs SP2. P-21. anid C-2 wU) 4.3 Lot. A lot shall covnsist of all instleral subhmitted foe r
.fo ek%-trsc fuvrwae pirmess and S-3, C-3 and R-3 (or open Inspection it the saine time, of the time heat of melt. same
heiarth proen. of tdiL-TD-430. condituivti. wame size, and, when heat-i4valed. "Il he (turn The

aimne furnace charge of a hatch type fumaiz or shall be of the
M) 3.4.2 ORD) 4150 Rr,,'lfurtuii The quaity sand clean atrime heat treatmevnt in a cotmcs rurnuce. ldevitirksiiov of

Ill"e of the steel as indivated tly the results of the vvacroctch each heat of melt shall be maintained throughouat manul'sciure
tet stp ferld in 4.4.5. 4 hI.. and. 4,6.2.4 shl he equal to or arl inspetion.
better than HnianIQNrph AS-94 contained in MIL.M-1 22864
Weih anl D defecis untacceptable. (U) 4.4 UMjplivss.

"IVU) 3.IS~ zhmdwoa The steel thallve amaxuimum *(U) 4.4.1 fig-vmsiaLzaddurcalennnALeummnazim Unfless
v-vage rating of 0.45 for both "

4t'qiencil and tesrity when' otherwise specirlied in the contract or order the contractor I

tirsled se specified in 4.4 to. 4.6.1 .1. and 4.6.2.3. Nlot individual 0"ia use his noicenall commercial sampling procedure.
lerst specancen shall have a seve-nty rating Smaller than 0.75.

(U) 4.4.2 Fvr4;gv mevst.;sckanalyvs.s When fovermincrt
WU) 3.6 tierfvvinbiitir. The hardertability or the steel shlla be check analysis in performed, at least one sample shall be taken
not lIt% than J 5? 4 Rockwell 1752) at 8116Inssach (orte-hall inch from each heat ofnmelt. Each sample "Iah be composed of
from the -nd of a vt&anvdal onsiny or end-qluench tntA tpecrhte) appra imatcly 2 ouances of drilliners or milliners takens from bans
when tested as specafsed in 4.4.7. 4,6.1.4. and 4,6-. .6. or blainks in accordance with method IlIl of Federal Test

* E) 37 'rua prctie. pie rogan optatonaMetlho Standard No. t5 1 . Samples t ull be forwarded prieratil
4V) 37 Fo% peactie. Wien frgin opeatios wepm ty the conitractlir to the desapeilted testing apency sele 6.2).

formed. preoirts controls shall be subete-t to Government
appeoaval. Heserats for fornwygie shall be conducted using4 nwhd 4U) 4.4.3 For hardnewae.ig ae ato lnsacfr

and ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~nte inauev.wcaigprmtrccnrl.iatbefr. the quiaevicled and tenmperedi condition, the contractor
PWshall take at random 10 samples from each 100 ban or frictonl
EU) 3 ~s om nd~oevuoer.thetrveof. One defective simple shal cause rejectioni of theIV) .9 vrenmm s~jgkw~represen ted material.

(VI 3 &1 fjelesshj, ild otee~d beet. Bhanks 'and foge (U 444 tsiiiyjsif
foe 6, 3) %hall conform to the dimeinsion and toleraUn4ces
epecifmied .i Mle coutsraizi or ordert see 6.2).
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4 "1 4 4 41 tqw.~nhCJ and tICPeevdss Indon, Barsi o fill 44 7 Iliuehwieusha~tpeScting, Ag it Irn#mw %Aapl- %halt
Wamnks %hall ?w I&seii Igitsiti t,ah heal iinimlt in &L'ueidark with be taken from, maktuetfresweirrinvo the mp sodJ hioisw -f the )
the appikte~t'e Y whjoie -isnt&gtfd or, ilst~k 11 .itaipling shall (tea'l and last usable ~itMO Ike heal, us taits MOM# Wsaplr
be jWilýWsW nm uA lpltshetkaJ 4OtCM et Al Otitel dieIn tabtle 11. per beat or mielot
aod teati liv ca. h % heiJuir mtu%1tv% Ie M~lta, ltily ionsple led

pflx i airtkij tn set h~iileSaenplimas will revert 41.1 4 5 Exanssnasm
to laheslikl A when any of the followming o-un aSP45IFg~rt~.lros erelaseu ogn

is) Failuie tit sample, %tsevinens. to meet t"tlpai resestarnte peasct~e %hall he tuia~uted Its atinurr Lompia te l wth Ie Se.
waquirrittents weve 3 .1 11 qasirernents of 3.7. albriownnsveni representative ithill have

(bi YEwoii..t-ton o( the heal treat proe.e W.ev Io pnwmnalend Ifturding in~nmstwules aid fii their
it.) Ltslutisun of new hheat treat equtupmnt smords teauayfhnraersnJvwtirie
I.1 Sampics are takcn Wrint new heal or melt. shall be thckkeuJ by the u.1lrator using tuataibe .L4siarltnig
(to %kees onti~nuouas turrubt a reutarted alte se hutdouwn. equipawnt 1sar'hnvit voges"e by the, Covvernment represen- 4

I iLt1 '5tiiMI%A. Wit 1vPA~tT Mi %it 4%A t WeCt4 tstre
-- - 411) 45.52 Heal se.1weutsaimd %Wurelief. PerstidiL pro.~en

31"4uhs 5,tji I votat imtsiskn tatasuve srvedaijmi shill be coookited 10 APOWn LOMPSM1tpa with the
OvirK" Mas Ikmis e.1 Oe ht 1 N&Aof 401.1 rlegat treantment fals Jail sed sli Wed (wee J.2.31 requitre-

:Kiin. *nss biti.~ Int Iitathii I iXU bon cr blanks
twsiset Wsas fuim.., f . h A 1M0." .1 Ovtsist 4U) 4.5.3 D~s~i~wi m ~~tnhp arn and

vw~l twit p rs blansk "hal be itaspeclod by mny amiataW rmthod xcrptibte to
OWIiC OW lettj1 tt" liii 7 1. the Govremsent so ariratc omsplaince wick do nseassnaJ f(tee

,n.,%tw,vl ta.1...ui k" 1 3.8). m~atting (ON 3.9L. mad workmamsisip fare 3. 10) require-
wrtwewtql trvm .41 I Q bars, anLL
-W t".,ku cIitoi *-Mrs -pame
iA." I* "ir"s~e. liicft W) 4.5.4 PrpelEftstpr xt ~amn,,ntioe of She

prt.ivaI heJueit 6 preservolbon. pawcks.ei pacltelg. and matting for %hipffent

4 %wt WMn fr Ore liiw M Hul ftnciw ea..# LOW shall be trade foe c~onkrsaesce to the eequinrnxen~ts of ,sconm

a C h. 0iist. -ieh. it- upraitict. .hi . Civl ~ur
-ýlitA ltrim C.0 fnt (U) 4.6 T"%s

fa w. , Zwne ilehot
iin~s~v Pi.(U) 4.6.1 _IflLVA~ L

OnkwSt 1 a Slatt it., frtal
tw! rTpAjI Oiii1tticireij (U) 4.6.11jt~lJpac ~tz~asrK

aU)*(U) 4.6.1.1.1 -Qt A-nýP pprssi;9 ltion, At Ieast
I)4.4 4.2 .sxld.z .cLo~d.rnat two V-setch Chaapy mpact specimens shill be taken hwire

Wldl~o Onet sam ple %ahllc Nlakcn from material repre. 4.6.1.1.3) from each samplie bar or blank lrec 4,4.4 1) and
senting the top and b'ottom of the lirst and last usable ungots prepared in accordameer with methodl ZZ I of Federal Test
of the heat or melt 4 four sample% per heal or melt). Blooms or Method Standard No. 151, When blanks an produced by
billets maay be forged ~o bar wr blank diamnstee foe uae as salincles processes vshs" ua 0owan "pe forpent oprsestaols ta the
for this testing At the options of the Government. ranrdoms chamber eie,. at laeasttMa additional specitmi ashall be taken
sampling may he used by taking at lease I ba or blank for each as spgeified in 4.6.1.1.31a.) mad preparee as specti'ied above.
10.000 pounds of material, or fraciton dthereof. in any cam
the samplec to be tested ih1all be of the dareatater specified in (11) 4.6.1.1.2 AMAL, Emi ~add famseni "nottalet!i
the contract or order tare 6.2). sordjdtm tHeast-trseawa shall be peeonned on each bar or

blank, taken in cmdnewith 4.4.4.., or on cylindniwal test
(U) 4.4.5 3 .wcplhsin Full croo-sectiofl saimples; coupons taken, fiesa a riesple bar or from the chamber area of
shall be taken after descard. from billets representing the top a sample blank. Heallontestment shall conusst of uemlt.
ande bottomn of the fint, middle, and laat usable ingots of' each oml quenching. m adtepertalg, in accordance with table IV. to
beat or melt. At the option of the Goverrtment. random the handnesi ranks spocifiad ws 3.3.2 l(we f,.5). Hecat-leeaiment
sampling may be uased by taking a full ctoma~ection sample dicould bet conducted ina tittstvetsIto produce a mscroslraxure
frim at least I billet in each I 0.000 poulnds of nmaterial. or of tempered maifleesm thMe matvertaL Prelimsinary normilizng
feseteon thereof. In the absence of bilk(tet lat 10 bans shall may be ttud. Aftriolre solmimtmes Wat :. two V-not.h CThirpy
be taken from tec~h lot. impeac specietlen 9W~ be taken wg(e 4.6. 13.31 from each

samnple bar, blank. or UK cotopie. and prvared ins accordance
41(U) 4.4.6 For normtwalrjqwlmg~mJesjM, A mapl shal with meothod 221 of FeelTest Mekhed Stauntlard No. 15 1.
be taken frons bans and blanks repiesen ting the tops wad bottom When blanka stre priodrtd by proctewe which involve an uriset 4
of the fiest mid lasat usamble ingots ftrum heats or melits having forgangositiOst -aMi cheavstbest ares.t Itleast Iwo Addetsoessi
not ever 10 11gotS Or mor than 30 tons,. Or front portios Of specimens shal he rafum aso spectifid ina 4.4v,.1 1.31A .. ia nu pre-
hetatso or melts wtthin these limits; and from the top sand bottom pared as specified aboma 1ardam readings to determine coosn-
of the trus, middlr, and Was usable ingots of heats or melts pliance with 3-3.21 thal be takent in accordance with method
hiruinginoes thanr 10 trogfti or over 30t IOM Bloomeu VA billets .14. or 243, as applicAkle. of Federral Test Method Staundard No.
may be forged to finihed bar or blank size for une as amples 15 1 on the notcelsd few aof the hardented test tpecimen within
for Sthis ttving. At the option of the Government. rnd~om One-fdourth inch of(1 Meneta of thienOtch.
"manpln* may be used by taking a sample of 10 bait or blanka
from each lot. Whent spec-tried in the ccontract or order (wse 11.EU) 4,6.1.1.3 L~~fmd~ lot womwsm shLl1 tI-
6.2), the contmator shall submit to the Procuring age1CY. Lkak. UnlewS 0otherew sipeftied. Cha"luepy .K ima 0 i'
price to or wot later than delivery of She product of the hest tor specimvem shall be tsoars fron sample tam. blanks., or scat
melt.t test samples from rhe same bar or blanks fromt which the componts. as follows:
coiitt5etiW meat samples were likens. Thes sat-ples "hl bo
approximately 14 titchers long
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(0Uat In"i I toni the chamber "Are. at hra.4 'Wm maj.'r (ti 46 h 2 llAfneQt llrdisens trewingi shall he taker. in
,hArnN'r Jia~mcfer aw&W f rom the h,amheitr end 'Ahen &10daii..C *ilth meT'l '4,* of Feidera I eit ~4tthod candatd
t'lanki Air prrostu~ts th price e, which Involve an NO. 15 1 un the C1lervi of the test hats andf hlanks
upwet forging o4wration in the htmaiitwr arvA. the
*&,itonal qwimitens %hall tv taken trono a nlmniilpwt 4U 4 (1 2 .5 lmpV~t revavlAnvt (harpy Impiact test itmAll hie
Area herinsitig between : to~ 3 inlti lowavil of thte ..oni1tusd In OW 'dAnct with method 2:-1 oil irdfral lent

u set W~tihm Method SiAr'dArd %o I I I ihe temperaturr ,I the tell ,peu*
(bI Bass. From an An&c &I le"at one bair duiameter away men at the time of frac.ture %hall he mmsnui 4ft' F '~I.

Itrom the has v nd.
1c, Iegojulpvsss lUrum an a"4 at IrAsfone tIindvr (U) 4 tv :.A M&..rtrukturr. The mmcsr~iwiji %ethall he (iv.

dtstsiclr away (rum the couron edduikted in aLvordlance with method 3.'1 of f-edieral trio M~ethod
Standard No. 151.

41j) 4.6. 1.: )LAsw.anatnu.zr. Specimen% ihAlt he prepared In
aC..ordnlane with method 3521 or I-,deral Tict W.4thod Stand ard (U) a.ti.2.5 Nonmctlet111 ,n..lusions. The nornmetltis tn..tu-
No0. Is5. son content shall he determined by the method speufited

below.
tU) 4.6.1.3 NonwffetalliS lticyduvavt,

A(U) 4.6.:-5.1 Testinjo. Testing shall he by the wetl magnetic
41.1 4.b.1.1.1 Tyrci fspeimnst. 'Unlevssotherwise specified, partic.le method spe..etlr irn Aerospace Material Spesllscation
tesing for norimetallic inclusaions shall he cond..s led using the (AMSI 2644) UvMnt Ci'LIjra magtnetmizion with a magnetizinrg
step-vdown qwtmcrn %hemi specrified in the contract or drdn-r current of "00 o '.1fXI amperes per inc h of diameter. Direct
iwe 4i1 straight kylindricil spiecimen may be used in lieu current shall he used (fo magnetizing Wihen the %tep-down
of the step-down specimen. specimen i-i used. 'ho'. smn4ile*t step shall he magnetized and

inspected t.rst. the next larger wten shall he maignetized and
41U) 4 6 1 3. 1.1 Sie,-.Jown specimen.. The step-Jown speci- inspected in succeumon. Inclusuorvv onec-etghts inch or less in
men shall he goeneratcd in equal length circumferential steps lengoth shtall nol he counted.
as follows:

Beg___dwk ubm 0i~of (U) 4.6,2.5.2 Results. The frequency and severity of noss-
metallic inclusiocns shiall be determine as shown below.

Imbirs j 4 5

0 i~t 1.010ý 0 I (U) 4.6.1.5.2.1 f~.uenMr
ýO'Wf IUM- 0-5 0 3140 11:0

.WrrI (WSoli 500-1. t so 0 WD0 3150 215D (a) Total the numher of indicatiomn for each spiecimen.
amI SWJi I. 1ve 94-. i6 0 4/11) 315P WD 1/ (b) Divide the total number of indicationvs per speinen

0- W~ da~w w-uanuwiwas .wwic~ 4.6.13.2~ L tr the surface area of the specimen in square inches.
This value is the frequency riling of the specimen.

*(U) *.6.1.1.1.2 S-trkish I-WJildfial spec-usn, Pite specimen (c) Total the freqluency ratingsof the smecamenv.
shall he machined in aixowdance with the machining allowance (d) Divide the total frequency ratings by the number of
specified in 4.6.1-3.2. to a sitraight cylindrical specimen S inches specimens. This value ýs the iverage frequency rating.
±, 1/ 16 Inch in length. (U) 4.6.2.5.2.2 SSIEft±.

(tU) 4.6.1.3.2 M uji1st lloance (a) The le,.gth of each indication is recorded.
(b) Total the number of indications for each usie

PNiamffnlimum sjxý rmqoygt interval shown in table Ill.
Inches r-n6h7(tfemare on radius) Wc Multiply thet total number per size interval by the

over 0.500 to 0,750 irscl 0.045 severity factor of table Ill.
over 0.750 to 1,000 iridl 0.060 (d) Total the products obtained in (c) (or each specimen.
over 1.500 to I. 990 ncl. 0.090 (e) Divide the product total by the surfas" aea of the

own .500to 1990 KL 0090specimenm in square inches. This vallue is the severity1AJ~ 0.10 nchfoe inih mcliing fte het ~rating for the specimen.
l~llw 0010inc fo finsh achsin afer hat moloffenL(f)Total the severity ra tings or the specimens.

* () .6..33 Hljsattn. Rugirnc~inespcmsru(S) Divide tho- tr, cverity ratings by the number of
(U) .6..3.3Hca I WtatRoug muuledsopdrivnotspecrri..s. ilhnvalue aihe average sevenlty rating.

shall be hardened by suitably ausstenitizinoo. quenching, and
tempering to produce a hairdnem not lower thin Brtinell 250.

(U) 4.6.1.3-4 lpf-efaL Terih ucie ufcto TABLE Ill. SEVERITY OF NONMETALLIC INCLUSIONSI(Ul
the test specimen shall not exceed a toughiness height rating of-
40 microuihes. The ends shall be finished to provide Nood IrdAqtlon lengath 'yort ag
elcricc" conitact, Inch

(U) 4.6.1.4 Harcri ili~y. Specl,nens shall be prepared *in
acordonanc with method 711 of Federal Test Method Stadar ove. I/l to 1/4 tecLI

Io. 11. over114 to112 incl.2
over 112to 3/4 icl. 4

(U) 4.6.2 101 metods. over 314 to I incl. a
oval 16

(U) 4.6.2.1 rhsjsmit;Al.nejyxg. chemnical analysis or the -
samples taken in accordance witth 4.4.2 shall be conducled inl I When the step-down specimen is used, an inclusion exfentdinti
accordance with rnothod Ill oir 112 of Ftderal Test Method the entire length or a step shall he considered to be longer
Standard No. 15 1. In casers of dispute, referee analysis shall be thin I inch and shall be asuigned a weight of 1c.,
in accordance with method Ill1.
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(U) 4?%.2b Ilsr~caileiettit Mh hanklnnt'ilitY tItI 'hall he IUV I t.12 the , al of ftha V04.sW)0e8isM doerin N limit The( ~~% %ndu.t~r-l in a twdene 011h twih,.d ,I I "11- ldderal Ilest usie of baer% end mbslianpr..haitd i1K the tors.lelJ in
Mtdrth. StawiAd it No.IS es%.%pt ithct the suilerntuing dilone. privvicl tMat materal will be under 2 insists in Jv*
temperature .hlla~ be &,I Wesruiews in libt'r IV artices when belltatitmeetnees "pericorused

IASL IV i*AjI tRATMION Pgtx I5 lit II V 62- 0fderi-Irm 441 Pro~uternst dotiuments 11%oult.(~)sprLify the Itillowuig
%dasnaieawq A-nsrniuawq Asiievflumnal (so Title. number. and date of this vpeif"Katwn

t iaiffloor sst iIIe lqral emo-cinn 4b) Whether ban of blinks Are nrqvtCd
toVI oI e iitijiu1 )~ Comiposition and cooimlitwo required Inv 1.211

- tIL.. t~-.) tI441d Svc required (are)3 Ni
~m~&Vn~m 167$ .1 23 zi .1.0* 1.14 (c) When awmplirg othier than cantractms aemwiru

01to lso a ORD 1 sosainplag proc~edure 's p"Iarard I we 4 4 11.
O~ti~tOus.J)NI)4t0 In Shipping oinwtriuins few Gurernsv-ess choth .ssafy

- iIS.2$ 1150 sample free 4.4.4)
- IS) Selectrion of &WpICAtule keveh of pit vstwm", pack-

4.h47 agiang. and plic ang (wne arectian 5 1.
t)Witen Vscidsa inusking a reqweed Inv 5.31.

41J) A-7- kEtaninltior.. Individual ban or blanks not meeting (It Cc tflirwtaic requirements.
the req~uirements of this spemaflceaucn %hill be selected,. When fOP Spt-ia( nawkwili an baen as blanks fawe 3.91.
samplins onspetaut is used, them~preeented lot s"aI be ft, (hi) Whether ivanivsetallic inchautwo tes samples are ft-
jeclesi when the number of tejeted samnpie -inita toucah or quared by the procuring agrncy 1-w 4.46hp

exceeds the repection number sp-mifissi. (1 utre fw obe l ste fripact.team

(UI 4.7.! Tqsts, Failuiretoconiply uniLhanyo uitawtest 4mn) Whn strvigh cylindrical specimen a specified for
requirements of thits speiolfiation %hall be causefo reecio no ea i -,crsl h ~usions tesing (we 4.6.1.3. 1).
of the represented mnaterial. (U) 6.3 lWeinibti- Lsted below are definitions of smie of

Ul, 4.9 Krsit, Retesa "hal be permitted in accordance Lte special termns used in this Vsecficstion
with Fedetal Test Method Standard No. IS51.

Mimm - As foigei. upset. or extruded.
'(U) 4.9 Caljbratio 9jjmVKU"Lmrpclsinej Charpy impact hak-Apalrially formied gum barrel requnirM machining
test machines shall be ,.altbet*W under the gurveillance or the 505555 0(11ev operations to product a fnse
(ot,esmnvent rcprrscntatsse within a periodl not exceeding I barrel.
year previous to use, us"n teat samples prepared by U.S. QiXL- Separadtto of mnaterW isi Assuay evidenced by a
Army Materuiale Research Agency (wee 6.4). fr" isteodar tine.

Eg wd~ -A ho rollod bar that has had any Isiborw'tI
(U) S. PREPARATION FOR DEU VERY working (wee "as forged").

f~)lb~mks~ku~b- Length of finished barrell plin
* IUI5.1 Yrricisin~ndng. mck ism aflows=e foe machinuing.

(U) S. 1.1 JIAygih Preservations and packaging of ban and El") - Metlict output of one charge of an open hearth
blank~s "hI be ua accordance with MIL-STD.163. fusrnace (oe 'melt").

(U)5..2 LtII...Piemealln id NIIL - Metallic ouetof onst charge of in electric fur-
(U) ,112 L~el. Pesevaton ad p~kaingrbsoW a- ("ibut aend "mselt" an, often used inter-

blainsk shall be in accordance with standasrd conmaerelal pane Chumgeah).
dol XLJengaLb- Length of bar prodwced by stee wsill. Mil

lengto ban wre umully furntised mn multiple guan
(U) 5.2 fWj barrel ber lengths plus allowance for loss of mai.

119"a IN matting
(U) 5.2.1 ULalA, Packing of barsnd blankeshlall be in k=m - An uriwelded lap or fold on the surface of metal
accordance witb MIL-STD-163. usually prod-cd during rollinig or forging. May

appear to be a crack.
(U) 5.21.2 JeycJS Psicking of bone andl blanks shall be kn fL*A distortion caused bry the rotationi of the ensid
accordanict with stan~ard comimercial practice adequate to of a berin. op posite dairetiesrs.
misuse carrier acceptance and safe delivery at the lowest rate.
Shipmenwts sall comply with the requirementa of the regis. (U) 6.4 Tex amlles for callibristion of Charpy impact test
lationss aplicable, to the mode of tsansportathani. nuachines may be obtainedl froms V. S. Army Materials Re-

march Agency, Watertonwn. Masaaclusaetia 021172. thtough Ilm
WU) 5.3 MVsj~tng In addition to any special niartinig mo applicables Preicuarmeat District Office Iswe 4.9).

*quared by the contract or order, shipments shl be marked
in accordance with MIL-STD-163 (wte 6.2). TDo heat or melt (U) 6.5 Heallt~riclisteriM indicated in table IV ame for

* ldmsifcation shal be required as part of the baic ,arkarg, guidancie.

IU) 6& NOTES (U) 6.5.1 MinIInum holding tunse for eaich beast treating
operation should be I hour it heat fow cich inch of thickness

'(U) 6.1 Wnlepdedj. at the Maxtn effecive crompw-sion.

(U) 6. 1.1 Steel covered by this specification is intended for *(U) 6.6 For em in csattirsp into hirsc hrtgths. hot roll
use in the manufacture of gun barrels requiring deep hiole mill leftgth bar% should k- oftlcrd in an -.nrwk-id c.mWtIxm
drilling and rifling operations. to a maximum huncHo haincas or 2.50,

UNCLASSIFIED



UNCLASSIFIED
W1' 61 The maulans of (his zqanikiatam ane martedi sh
mn mlenik to un~o.tc uheti .hsnprs I.1.1st! tnt mosifi7LOltAun.,(~) *wY~tkMm1 .kdets.Nn,) from the pwmiums nam1 wvm made!
" ah s done Jo as ommerlwel onty and thit Ckgermment

ISWIW nOasNticly whatumvef for tiy finsmw in thtw-
notatkm%. dhkfrra and ..ontrectun ate ;suatxwed to eltaiulte
the 44umviwtmnts o( this dft~urnent baud on the entire won-
Itnet . w"s~w.tlie u( the mhrg'nal suotaloms e and tataminhip

Cumaodsan. fttpanngl activity.
Amy - MR Army -MR

Reviwe mactnty frv~ct No. 9510-O2A4
Army MR
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MEMORANDUM FOR: Defense Technical Information Center /OCQ
Attn: Larry Dowling
8725 John J. Kingman Road, Suite 0944
Ft Belvoir, VA 22060-6218

FROM: AFRL/WSCL (STINFO)
2261 Monahan Way, Bldg 196, Rm 1
Wright-Patterson AFB OH 45433-7035

SUBJECT: Notice of Change in Technical Report, AD0500112

1. Please change subject report as follows:

Change the distribution to distribution statement A.

2. Point of contact is the undersigned at DSN 785-5766

SHARON L. SERZAN, STINFO Officer
Technical Information Office

cc: Technical Reports Vault


