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The Detensne Betals fnformation Center wan vstablished ot Battelle Memorial Institute ot
the request ot the Otfue of the Director of Detense Research and Engineering to provide Guvern-
b ment contractors and theyrr suppliers techiical asasstance and intormation on titamum, berylhium,
magnesium, sluniinun, hikh=streagth steels, reirdctory inctals, high=strength alluys fur high=
‘ temperature servive, and ¢orrusion= and ondationeresistant cuatings, Its funttions, under the
direction of the Otfive of the Directur of Defense Rescarch and Engineering, are as {ollows:

P
J 1. To collect, store, and dissemindte techmical information on the current
status vl research and development of the above materials,

2, To supplement established Service aclivities in providing technical ad~
{ visory services to producers, melters, and fabricators of the above
materials, and to desiyners and fabricators of military equipment con-
taining these materials,

3. To assist the Government agencies and their contractors an developing
technical data required for preparation of specificalions for the above

materials,
t
4, On assignment, to conduct surveys, or laboratery research investiga=-
tions, mainly of a shorterange nature, as requared, to ascertain causes
of troubles encnuntered by fabricators, or to fill minor gaps in estab-
lished research programs,
Contract No, F 33615-68-C-1325
|

Roge? J. Runck
Director
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When Gevernment drawings, specifications, or other datz are used for any purpose other than in
connection with a definitely related Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatscever; 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 othar person
Or COrporation, or conveying any rights or permission 16 manuwfacture, use, or sell any patented iaven-
tion that may in any way be related thereto,

Qualified requesters may obtain copies of this report from the Defense Documentation Center (DDC),
Cam: con Station, Bldg. 5, 5010 Duke Street, Alexandria, Virginia, 22314, The distribution of this re~
purt is limited because the report contains technology identifiable with items on the strategic embargo
lists excluded from export or 1e-export under U, S, Export Control Act of 1949 (63 STAT. 7), as amerded
4 {50 U.S5,C, App. 2020, 2031), as implemnented by AFR 400-10,
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MATERIALS FOR SMALL-ARMS GUN BARRELS (L)

C.W. Marshall and 11 J. Wagnet®

SUMMARY

(L) At the neuest ol the U S A Forve, o warvey was
sonducted by the Detense Metais Intormation Center on ma-
tenals {or unall-arms gun barrels (up to spprosunately 30mm-
bore Jiameter). Partwular emphawy was given (v matenals for
weapons Jeugned Jor high tates of fire

(U Cuerently, smatl-arms harreb are produced in the
Ungted States from Coe-Mu-V aad Ce-Mo low slloy steels con-
tamng 0.40 10 O 5§ penent carben, yuenched and tempered
(0 3 hanines of approvimately Rovkwell 30, with &
chrormwmeplated bore. In addition, & Stellite 21*® Uner
(Coi'rMo alloy) 13 added to the breech end of many rapid-
fire barrels. The chrommum plate and the Stellite liner help to
comnbdat croson of the bore resulting from chemical reaction
with the propellant gas, hugh veloxity “wrudbing™ by the gases
and soiud partuiva, and the high temperstures genersted by
finng. With this type of protevtion against bore erouon, which
©s the main problem in high rate-ol-fire weapons, a gun barrel
may lest indefinately (100,000 rounds) «f the finng rate is
wfficiently low of if sufficrent time 18 allowed between shoet
bunts of mpwd-fire. Even with the plsting and the liner. how-
oxr, severe inng schedules <an quickly deteriorate the bore
aurface sufficiently to render the barrel useless. For example,
conunuous finng at 2 rate of 20 rounds per second, a typical
rate for many machire guns, will cause a weapon to stop
funciotung after only a few hundred rounds have been fired

(U} With the advent of wespons systems designed to fire
hypervelocity projectiles at high firing rates for sustained time
penods, senous problems anse with regard to basrel bifetimes.
These problems are being attacked on several {ronts which in-
clude development of.

(1) Propellants with lower flame temperatures

(2) Propellant additives that carry away heat or coat the
bore (also called boundary layer cooling)

(3) Deterrent coatings on the propellant grains to modify
buming

(4) External cooling of the barrel
(5) Improved barrel materialy,

Thuwpoﬁnmmedmththel&!appmhlhwd:bon
namely, the develop of imp d barrel materials,

»Associate Chief, Mechanical Metailurgy Division and Chief,
Specialty Alloys Division, respectively, Battelle Memorial
Institute. Cotumbus, Ohio.

**Stellite 21 is a commonly used name for the trade-marked
alloy, Haynes Stellite alloy 21

L) Chromwum plated bores and Sicliite hners wen: de-
velopiients of rewarch conducted dunng World War 1. Bes
tween 1946 and 1900, extenuve efforts were made to improve
darrel lifetimes further. Studees swiuded barrel matenals,
hiner matenals, and surface trectments. Among the liner ma
tenals studied were alloy Ueels, cobalt-base siloys, Ciromum-
base alloys, nukelkbase alloys, wos-sluminum slloys, moly b
denum alloys, columbium-beee alloy s, ceramics, and cermets.
Ferfermance of 2 partiicular wher 'nr* zaal was evalusted by
companng it with s standard Stelhiiz 21 kner. In the myonty
of cases, the candidaie matenals w ere found to be nfenor to
Stellite. However, some of the liner materials with very high
melting points (such 3+ molybdeaum alloys) did appear to be
snarkedly less susceptible to eromon than the standard Stellite
215 with these relatively brnittie matenals, barrel lifetimes were
limited by cracking and spaltmg of the hner, tather than by
erosion. Many attempts were made, partcularly with molyd-
denum, to overcome this bnuhnns pmhlcm by l!bymg.
design improv ts, and
and, almou;h the efforts met with m\e wiccen, the mummde
of the unprovement wag not sufficient to warrant 3 changeover
from the Stellite liner. In the Late 1950%s, studies on columbium-
alloy liners gave very encourapng results, particularly m com-
bination with 2 newly devel procedure for making thin,
fullleng'h liners. It was demomstrated that full-length columbium
liners extended barrel lifetimes far Leyond those possibie with
either Stellite 21 or molybdenum partia-lengih liners.

(U) In the carty 1960°s, mterest waned in attempts to im-
prove the performance of small-syms barrels, posubly because
of the rapud developments being made in mistiles and rockets.
Constquently. little research and development was conducted in
this penod However, when the United States became deeply in-
volved in |he Vietnam conflict, intzrest in small arms again

kened and 3 ber of resezrch snd development programs
have been initiated. Thew are simed prinanly toward development
of full-length refractory-metsl tiners imside steel barrels. Various
refractory metals and alioys a well as a number of processing
procedures (including coextrusion and high-energy-fate forming)
are under investigstion. At the ime of preparation of this report
only preliminary results of these efforts arc available.
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INTRODUCTION

WY The United States Aur Forve 13 currently undestshing
& coondinated etfort to uprove the perleamance of anall arms
fevin the standpont of materrals, propeliants, design, and fire-
control systemis Phe objedtive s to i regsse barvel hiletines
whik umultancously incresung the muszie veloity and the
rate of fire. The aecd tor thiy efTort s hased upun cxperence
with rapd-finng weapons, such as the Munrgun, currently 11 use
in Vietnam. In onder to tealize feawnahle bartel ifetmies,
thewe weapons must be fived scording to farly moderate
shedules, 2 typwal finng swhedule myht conyst of 3.to-5
sevond bunts, with J0-10-30 sevond covling intervals between
bunts and longer a.uulm* penods after a certain numbet of
burts have been fired! 1€ 1 the bunt time s increased to
1S sweconds, the batrel itetime 18 educed drastically and the
weapon quickly bevomes uwless. In conibat utuations, it s
not Jifficult to imagane circumstances it which 1t would be
highly desrable te be able to vontinue finng for mure than
3-40-$5 secomds,

(U) In onder to plan and exevute research and develop-
ment programs aimed at improving barve! hifetsmes in high-
rate-of-fire weapons, the Au Forve required information on
the current state of the art, resuits of pnor rescarch and de-
velopment programs, and the efforts curreatly being under-
taken by other organuzations. A request was made to the
Defense Metals Information Center in the fail of 1967 to
prepare a report that would prowide such information. This
report has been prepared in resp to that

9

(U) This report is intended to give an up-to-date, accuraie
asmesument of matenals curtently in use for smali-arms gun
barrels and the efflorts under way to improve barrel lifetime
through advanced materials technology. Depth of analysis is
limited, however, duc to the short time available for pre-
panation of the report. A brief review i1 included on the
numerous research and development efforts on gun barrel
matenals that took place between 1941 and 1760, This teview
is based largely upon References (2), (5), and (4), which in
turn, were bised upon numerous company reports and
Government-laboratory reports, Because of time limitations,
no attempt was made ta analyze esch of the oniginal sousces.
The basic references arc avalable through the Defense Documen-
tation Center in Alexandrna, Virpnia, and cover the following
time peniods:

I- '[ 3 l
194(-1945

References

(2) National Defense Research Com-
mittee, “Hypervelocity Guns and
the Controd of Gun Erosion”,
Washington, D.C., 1946,

) Cohn. ., “Barrels for Automatic
;om , Franklin Institute Report
251, 1959,
(Conﬂdenml)

(4) Cohn, G., "Barrels jor Automatic
Weapons”, Franklin Institute Report
FA-2461, May, 1961.

(Confidential)

1946-1955

1956-1960

A3 a convenience to the reader, complete Tables of Contents
of the above three references are included in Appendix A
of this report.

*Numbers in parentheses pertain to references, which are
listed on page 10,
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(U Begimmng in 9B, gewarch into matenals 1of gun
baricly was reduced drastially, spparently broauwe of repid
developmentsan mimies and rinkets and the posatnlity that
womnventiensd unall arms might become obsolete Accordingly.
there are tew reports availehle on this subyect uinge 1A} even
though a nuniber of new projecty have been inihigted withen
the past several yedars Several of thew recent projects are
dewnbed i this repurt, but_ at the tume ol preparation of this
report, (ew results are available.

TLRMINOLOGY, DE FINITIONS, AND
BACKGROUND INFORMATION (U)

(U) Becauw: many persons involved with materials rescarch
an development may not be familiar with small-arms gun
barrels. this section it included to clanfy terminology and to
provide background information.

Regions of a.Gun Barrel (U)

(U) A cross section of s typical gun barrel is showt
schematically 1n Figure 1. Four regions are shown  the breech.
through which the tound is loaded, the chamber, which hoids the
round before finng, the bore, through which the projectile travels
when the round s fired, and the muzzle, from which the proyectile
emerges.

Rifled bore Muzzle

.-' _——_——:;___———;_,__——;

NS LSRR s e

SSSSNRNY

FIGURE \, SCHEMATIC CROSS SECTION OF A GUN
BARREL(3) (U)

(U) When liners are used to prolong barrel hmung & quasi
two-piece tube may be used, as illustrated in Figure 2.

two pieces are. (a) a cap, cantaining the chamber, and (b) 2 lined
tube. Since the hottest region of the tube is ncar the forward end
of the liner, the gap between the tube and the cap reduces the
heat flow to the cap, thereby keepmg the chamber comparatively
cool. This limits thermal expansion and helps maintain proper
clearance between chamber and cartridge case; at the same tme,
the likelihood of cook-ofl® is minimized.

Riflira (U)

(U) Rifling refers to the spiral grooves in the bore of a
barrel lhat are designed to impart spin to 3 profectile for greater
accurscy and carrying power. The rifling may have 8 uniform
twist throughout the barre! length or it may begin with zero twist
llmebmchendmdmduanyinmwmmt (or a certain

and thereafter. The latter type of
rifling, frequently referred to as gain-twist rifling, is said (o reduce
wesr at the origin of rifling.

(U) Rifling lands and grooves are illustrated in Figure 3,
Although the actual rifling dimensions arc determined from the
dynamics of the projectile, approximste dimensions sre:

*In the context of this report, oookoﬂ'hmmumb )
tonation of the ammunition, that is, before it has been struck
by the firing pin, a8 a resuit of overheating of the chamber. |
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groove Jepth 1 | bure duameter
o

mamber of grovses 3 B turves the bure Juuneter in inches

.

stwwrt walth ;3
land wanith 2

In Figure 3, the lands and grooves shown are sharply reclangu-
lar, however, they may have other shapes, without sharp
COmers.

Cap Linter Tube

FIGURE 2. QUASI TWO-PIECE TUBE WITH LINER(S) (U)

Lond

FIGURE 3. RIFLING LANDS AND GROOVES (U)

DeGinitions (U)

(U) Caliher - the diameter of a gun tube bore. The present trend
for smail anms is to express the bore diametey in millimeters,
rather than in decimal inches.

(V) Snuallarms - guns having a caliber up to about 30 mm.

(V) Hypervelacity weapons - wespons that fire a projectile
at a muzzie velocity in excess of Appmximately 3500 feet
per second.

(L)) W-nﬂ&%mm;ymmn&t
s t ensures a tight fitin engaging
rifting and gives spin to the projectile.

(U) Snaraving - process by which rotating bands are cut by the

Tube Pressure and Profectile Velecity (U)

(U) A gun barre) i basically a tubular presmire vessel with
Nt&nmuﬂ. Mamt:;udelomudm

. hot gases are produced, thersby causing a rapid
pressure rise behind the projectile. The projectile is thus
scoelerated down the basrel. Despits the increased volume
by the entrapped pases as the projectile moves out of
ber, the pressur: continues 10 rise becsuse of conlinued
bumning of the propeilant. Eventually, a3 the expansion con-
tinues and the propellant is consumed, the pressure reaches 2
maxim wnvmwanddechnanndunl)y thereafter. The velocity
of the projectife asly e it Is through the

|

tubve, however, the rate of utitcans deups when the pressare begns
s dechine. Typwad surves of Lhombee prewsure and proye tike
velouity as fum tions of buth time asmd pouln are shown in
Figure 4 for 2 A0 aliber guad ).

Projectiie Travel T | maec

0 02 osa 06 o8 0 12_§
g‘o T T Y T s

50
% ol wocry row |, 8
20 N vohmy—rm .’:
20 Pressuce-tme | ¥
g 10 M‘“{»ﬁ‘ g
OO -] 10 19 20 2? 3
Projechie Trowel ,in £

FIGURE 4. CHAMBER PRESSURE AND PROJECTILE VELOC-
ITY IN A J0CALIBER GUNG) (U)

Temperatyres Encountered im Gun Tubes (U)

(U) An spprecisbh t of haat is released as the pro-
pelumuburned Much of l’luhutnlhmbed by the barvel of
the gun. Naturally, the bore surface, being ad. t to the pro-
perllfam gases, will ludl higher temperatures than the extenor
wirface.

(U) The temperatures and temperature gradients eny d

in gun tubes depend markedly on the firing schedule, i.e., the
rate of fire and the duzation of fire.  For example, firing a ungle
rouna will give rise to a rnomentary high temperature at the bore
surface without affecting the tempersture at the outer surface,
At the other extreme, glolonpd {inng at a high rate can lead to
riettine of the barrel. Firing schedules intermediate to those
Aezcrit <a 1..0ve will lead o intermediate temperatures snd tenmr
T niture uachenls. A 30-caliber machine gun, (or example, firing
horar of 125 rounds each in 14 seconds st 8 rate of one burst
;‘r -» ;.ute, will reach cssentislly & steady state condition after

1 utats have been fived. n.e MKW temperature at the bore
4.0l 4. & wil be spproxi ty 2000 F, the maximum
temperature at the outer surface will be approximately 1400 FUS).

({U) The curves shown in Figures 5 and 6 indicate the tem-
peratuses encountered at yarious Iw,tlom through the tube wail,
28 measured with thermocouples{6.7) The bore surface is seen
10 be exposed (o much more severe thermal cycling than any other
region of the tube.

Evaiuating Barrel Lifetimes (U)

(U) Barrel lifetines are evalnated dy conducting firing
tests, A barrel is saaxd 10 have a “velocity life snd an “accurscy
Ufe”. Velocity lfe refers to ths member of rounds fired before
the pm,ecule velacity decreases by a cevlain percentage (umally
6 percent; often, however, 2mply 200 feet per second), compared
wnit  the velocity meanired at the start of firing. Accuracy life
refers to the numbser of rounds fired before the projectile yaw

exceeds spproximately 5 degrees.

Proveriics Needed by Bari Materials (U)

{U) To function satisfactonily, pin barre! materials must
have the lollowing properties:

UNCLASSIFIED
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(1) Strength ot buth law and high temperatures to Loy
the presaure hoad without permancnt delormatumn

() Dughility of toughness at both low and high tempet-
atures (o erdure dhak losding thath mevhannal and
thermal)

139 Hot haniness (0 withstamd Lind ywaging or flattening

{4) Wear resatance (0 withstand abrason from high
vekn iy gascs and rotating bands

($) High melting point
(6) Remstance (0 chemnal attack by propeliant gases
{7} Fabruabudity. .

Other propertics that must be taken into account in devigring

gun tubes inciude thermal conductivity, heat capacity, and
thermakeapannon coelficent.

MATERIALS USED 1IN CURRENT PRODUCTION.
QF SMALL ARMS BARRELS (U)

(U) Many of the requirements descnbed in the foregoing
paragraph are met by heat-treatabie low-alloy steets. Current
muitary specifications (or small-arms-barrel steels call for the
following compontions:

A Cwmwln. el by wemht _

ORD 414

Chement . . ORD_4130__ _ Rewdfyneed __ Quome-Moly-Vnpinm
Cardon 048043 Q47035 041049
Warnganese 075100 0.70-1 00 Q 60-0 90
Paophores Q040 max QO max Q040 max

Slfur GO4C max QosQu9 0040 oan
“duion 01003 920013 C 10038
Chrommm ox0-1 10 Q0113 0803 13

Moty mirwams 0.150.23 0150.2% 0.300.80
Varsdum - - ©.2040.30

Tive complete *ilitary Specificatiua MIL-S-11595D (MR),
dated January 3, 1966, entitled “Steed, Ban and Blanks
{Under 2 inches in Diameter) for Barrely of Small Arms
Weapons”, is included in Appendix B of this report,

(U) The steeis specified here perform well a1 long as
firing schedules are not too severe. However, if excessively
high bacrei temperatures are genersted by rapid firing for
protonged periods, several shortcomings of steel b
spparent, of which bore erosion is the most serious. There are
several conaequences of such erosion: (1) the rilling becomes
wom awsy, leading (o improper z in of the proiecuie. and
(2) the bore ix enlarged, thereby decreasing accuracy aud

allowing the propellant gas 10 escape past the projectile, thus
bnrhu the muzzle velocity.

{Ui) Ercsion or enlargemenit of the bors is belicved (o
stem primarily from three sources:

(1)) Chemcal - reaction of the bore vnh propzllml gases,
followed by 2l of the this
exposes 3 {resh bore wrfxe for the next wave of
propellant gas and the cycle repeats itself
(2} Thermal - melting of s very thin layer of the bore
urface, which @ “washied out™ with the escaping
saaty

{3) Mechutical - wear and abrasion from the sliding
projectile.

L onwyuently. much sttenirm has heen devited emet She past
Hrycars Lo the devehopia it of tee catfen s thaetl efc i~ reg
to low glluy seels with fesa 1o mclling paans wesf fontane
at high temperature, and 1 antame to Jhemin al attab i e
attempiy have tihen wyerdd Jirec trms os ot dascuned i g agir
wition Howeser, only two devebug e nts have teen found 1
pre perlotnanme willn wntly sgmerus 1o that of o wmpk stech
barrel towarrant their use 10 currenl wnall srm- menul s ture
Thew arc.

(1) Chromum plating of the bore suriane

) Liming of the brecuhend of the bawe with Sicllite 21
ol ad r-Mo gllays.

Both were devehped Juning Workd Wes il and were used 1n ma-
chine guns in the Pacilu stca toward the chne o the war | wd
n cembination, Jhrommm-plated doges and Stethite 21 hinery
increased the useful life of machine gumi by 2 fatew of Y mnen
finng short bursts and by a factor of 1) when finng Jong hunts
In the intervening yean, the provedures emphoyed 10 buth plating

_ and linjag the bore have heen optimized and studrer have been

conducted (o find even better ways o minimize bore erimion At
the prewent tiune, no other Materials, with the posaible esceptnm
of columbivm-lined steel barrels, have been demonsirated 1o he
consistently supenof 1o chromium-plaled steel barrels with 2
Stellate 21 hiner.

(U) Drespite the great improsement sn barvel hfetime offered
by chromium plating and Steflite 21 hnzrs. one should not amume

that the eroson problem s oived. Even with these Jevelopments,

2 .60~cahber machine gun®®, finng $O-round bursis at a rate of
20 rounds per second with 2-minute cooling intervals between

bursts, will exhibst excessive velouity Jdrop alter only sppronimately

400 rounds.

APPROACHES BEING TAKEN TO ALLEYIATE
BARREL-EROSION PROBLEMS(L)

(U) The barrekerouon problem in weapons deugned to fire
hypervelocity prorectiles at high rates of fire 11 closely related 10
the maximum temperatures developed al the bore surface and the
ability of the barrel :aaterial to function property at these tem-
peratures. Various approaches toward alleviation of the bore-
erosion probiem are being undertaken concurrently, inchading
development of methods (0 reduce bore temperatares and de-
velopment of lmprvvtd barrel materials, Methods that 'me been
and are being studied to reduce bore peratures

(1) Use of propeilants with lower flam~ temperatures

{2) Use of propellant additives that carry away heat or coat
the bore (also called boundary-layer cooling)

(3) Usc of deterrent costings on the propellant grains {0
maodify burming

{4) External conling n{ the harrel,

The first three of these methaods sre discussed in Reference 8.

External cooling of the barrel, including water~ooked jakets and

bonueémelal];a-.‘kcu of high thermal conductivity. are drcussed
7 ttempts 12 imp

in mubsequent sections of this report.

*See (ootnote, page 1.
** A nonco.ventional size used for test purposes only.
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KINIEW O ATILNMPIY TOQ URNLLOP IMPROY LD
MATLELALY HHKULGLH -l b

camindste mglenal suth that eatrhared by Stellite 11 The warmous
Crprs of Lme e mate i o sdaed duning thyy [wen el in baded glioy
atediv witalt baw allowe Qhiroitgin hase o vy 5 h ot gar glloys
oy slutninunt sbhry s micdy tadecum slloys cdumbum b e sty
actamns, dml arinety

() Avimlnatvd catmee Both (hroanae plating and
Aellite luning « E bervs were devehopments ol Work] Wag
The tnpomad (Rl wtiaine s o panying these deve hwprnenty
trgggn nd imteny ot sbhibonal ety to develop even Betler
matcnaly Botecen 948 gind 19MD cntenury etiorty mere
Wb rlahen o teahiee this gosl T hided sere studes on

Ay Stcel Linery

(1) Several stochh mere (e o8 inets sn standerd viee!
ma hine gun barreln Compomituons are shown o Tarde |
1) Barrel matenals
LECTRNE T RYRNL LV T R TTYRYLPY S
1) Laner mytenaly
(v pumrirm grsrt by mogha o
1D Surtace trealments e vt o A e

Tongoa 'n VA . - - 1. It .

Thew are revmes o, netly in the paragraphs following  The bygutind :""“"""‘"“ :f‘ . -':’ " N
s oy progve - . e .
Manmity o Ay week mas condu t2d By or under the wper o A ST S

st of, Spangtahd Armory . Senngfcld, Mana husetss®, rded ;A1) herd Ut L uae X ool -
svd 15 i Uy in grester delad in Heferemees 1 and 4.
181 Bwinge ¢ b o

In test-finngs, the performance of each of these linet maetenah v
mienor to that of Stellite 21 linets  The mass Lputt of the nitrded
steels contamng titamum appeared (o he cacesuve bnttienesa,
keading 1o dutficuitres in mas huning and inwttion. aml in a_teal use,
to premature veliaty koma Jue toencessive wramking and vhippang.
Recommendations were mafe thet adiditunasl expenments be
conduc ted on itanjum-beanng sieels 1o develop greates Judtility
and machinatility. Apparently, however, no additional work was
undertasen on sieel inefs.

Barrel Matenals (LD

AU Throughout Workd War {1, (he stamdand barrel ma-
tenal wav AISE &S00 steel. and, an sircady nated, thas gs atill
Ming uwd  However. other materuale indluding both ferrous
A nondertous by pes, have been investigated

Allny Stech

Uy Numerowe allov steels were studied 1n an atzempt to
Nind & darmel matenal wperner to 4140 steel  Alloying el-menty
studred insbuded Chromium, ackel, moly bdenum. tungat n,
arwd vanasliumn vanous combinations and in amounty up to
0 percent While wwme of the alloy steels thowed promise.
only onc showed witlent patentidl advantages to warrant
turthes Jevelopment  This was a Ce-Mo-V fowsalloy steel,
As noted carlier. thit steel s currently used for smail arms
Barrels, abong with 4150 steel.

Cobalt-Bawe Alloy Liners,

(U Becauwe of the success with Stellite 21 (a cobalt-haswe
alloy) several other cobalt-haee alloys were investigated a8 linet ma-
tenals. Composttions of some of thewe alloys are shown i Table
2; the compowtion of Stelite 21 13 included for comparison.

(L) Performance of the modified Stellites compared favor-
ably with that of Stellite 21, sithough none of the three mod:fwa
trons was found to be supenor to Steliite 21. For example, when
{inng on a $0- eronion schedule® in a AD-cahber barrel at 2 rate
of *0 runds per Lcond. the velosity life, baved on a3 J00-fps

Titanum,
(U} In the carty 1950, finng tests were performed on

barrels made of velovity drop, was.
(1) Unalloyed titanium Lincr Matsoal Veiozite Life, rounds
(2) Ti4 Ferrochrome Stellite 21 400
(1) TrdA Mo Stellite Hodiﬁal‘on-l'i;:t‘ I2 1]{;(5,
4 Tr3ALSCr. Heat3 390

(U) Cobait-tungsten alioys, test fired under the same finng
Severe eronon was obwrrved after one round. It was concluded schedule as the Steilites, had an averags veloaity life of 225 rounds.

that titanium had potential a3 a barvei matens| only when the 1
bare coukd be fully profected from the tant S ;‘l;lﬁe.mmm concluded that these alloys were infenor to
cflorts were made to ume Litanium barrels witt inolybdenum

tirvers but these efforts were dixcontinued because of numerous (Uj Alloy S-816 liners were evaluated in finng tests on both

difficultses with imet insertion. .S0caliber and .60<aliber rachine guns. employing 3 CGL 140
schedule®® and a 50-2 schedule, respectively. In a hmited number
Moty bdepurs. of tests, $816 was judged 10 be infenor to Stellste 21 1n the
.S0-caliber barrel, but was considered to be 2 usable (though
{U) In 1951, s 30-caliber breech section made of molyb. slightly inferior) subsiitute for Stellite 21 in the .60-caliber harrel.

denmem was test fired 10 se= of thee matenal could withetand the
(U) The remaining cobalt-base alioys histed in Tabke X were

ex phosrve forces involved. As feared, the barrel burst into
wveryl preces. No (urther work was dene on moly bdenum test ﬁnﬁ.in .60-caliber burrels and were found unsuitable as hiner
barrels, matena.

i i *50-2 eronon schedule refers 1o i0-round bursts with Z-minuty
Linet Mterish (V) cooling intervals between dursts and complete cooling afive
(U} In (he many efTorts undertaken (o develop improved 600 rounds.

bnet materials durg the pertod 1946 to 1960, the degree of
acess was Judged by comparing the performance of the

smallarms research group has moved (o Rock Island Arsenal.
The group s uader the direction of Dr. A, Hammer,

*9CGL 350 schedule consists ¢f 3 350-round burd followed by
complete cooling, then live succeasive $0U-rourd group~ con-
sisting of 100-round bunis at 2-mmule intervals,

T
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TABLE 2 CHEMWAL COMPUSITION OF COBALT-BASt ALLOY LINpRsY)

Jx:::mn T‘I—LW C S N Othg Gy
Seweiite 11 be 28 3 10 - b3 2 10 - - B
Montited  Stelhite o - - 05 7 OR 012 04 - -  8a
theat |
Modified  Stellhite 20 - - 035 t40 L2 011 o4 - - Bl
Hest 2
N;:lel.!;nd’ Stelirte 0 - 30 05 - 0% 012 013 - - B
75Co-25W - - - - 2 - - - - - 7
S8ie 4 s 4 4 04 0S8 - « B
Haynes Alloyn
Heat 53135 22.69 13.56 - 04 1077 215 036 Q4T 203 - B
$318 22.76 13.04 - 04 1,02 285 038 033 o3 - B
Lsi 180 100 - - 140 - - - - - Bl
Le0s 042 WI6 - 17 15N 1.62 008 J%0 - - B
so1 33.02 590 15 06 176 2% 0418 072 Q0 -~ B
503 30.56 648 21 06 768 170 017 033 013 - B
$12:A 3150 672 25 04 197 213 a1 e - - Bl
St4A 994 660 24 04 1308 R 218 020 o822 -~ - B
Chromiune Ras-Aloy Liners (U) Basxd on the mucarmful petformance of caut Steiflite

(U) Interest in chromium-base-slloy liners began early in
World War Il. A survey of vanous binary and termary sysiems
conducted st that time indicated thet Cr-Fe alloys containing
relractory metals (tungsten, molybdenum, tantalum) appeared
promising with regard to strength, ductility and resistance to
thermal shock. Severai Cr-Fe alloys, possessing high melting
pointy ard excelient corrosion and erosion resistance to pro-
peilant gases, were prepared and svalusted as liners. Thess
alloys inchuded

60Cr15Mo-25Fe

$0Ce-SMo-45Fe

60Cr-10Mo-30Fe

SOCr3W-47Fe-0.6N

30Cr 3W-46Fe (Vacuum melted and cot).

(U) Severst 60Cr-15Mo-25Fa linerr wers test fimd in .60+
calitet Sarreis on 3 30-2 erosion schedule, On the bas of
welocity life, they were slightly superior to Stelfits 21 (430
ounds vems 400 roundr, besed on 200-fps velocity drop).
However, they were only (sir on the besis of yaw. It was con-
mummmmmmmmu
ceptible tu cracking.

{U) Linors of S50Cr-SMo-45Fe and 60Cr-|0Mo-30Fs wers
aheo test fired under the conditions described above. The per
formance of the SOCr-SMo-45Fs liners was tirnilar, although
sightly inferior, (o that of the 60Cr-15Mo-25F¢ liners; barvel
tife wan timited by excessive yaw rather than by velocity dioy.
Evaluation of the relative merits of the $0Cr-10Mo-30F¢ liners

was not atiempiod because the berrels had been chromiun plated

shead of the linat.

Liners in machine guns, it was felt that if a chrommum-bese alloy
couid be developed with about 4 to 6 percent tenuls clongation,
it should net crack during firing. A SOCr-3W-47Fe0.6N alloy
was developed that, in msny cases, exhiteied some ductility.
However, despite intensive studies on e\'l‘m of varying de
omidatior ractice and hot-working s thy
ducuhmmhlmldmthepmdw hroe basrels fired on
& $0-2 erosion schedule f3iled after 300, 250, and 264 unds;
sxamination revesiad severe cracking and erosion.

(U) The corclusion dzswn from this work wes that
chromiumrbass alloys are promising liner mateiials from the
standpoint of erceion resistance but are (00 susceptidie to
cracking. 1f sufTicient ductility could be developed without
scrificing other desirsble properties, cluomium-bass alloy
liners would probably represent a significant improvement over
Stellite 21 Mners.

(U) Earfy studies involving firing tests of wickel snd nickel
allcy limrs demoustrated that these naterials were very suscepti-
bie 10 intergranuler attack by the propelisnt gases, unics properly
alloyed with chromium.

(U) Compositions o sonie of the chromium-containing
aikckel-base alloys isvestigsted ste shown in Table 3. Test
firing of Incons! X gave resuits inferior to thoee for Stellite
21; the lands werz worn beavily and ‘here wes cvidence of
intergranular atiack of the tiner. The performance of Nimonic 90
was likewise unsatisfactory: much of the Ixse surface showed
intergranuler checking snd corrosion, &3 well o8 wesr and
e aTing.
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TABLE 3 CHEMICAL COMPOSITION OF NREKHL-BASE ALLOY LINERSIS) (U)

Wateriad 4t Mo Mn W ke

Invonel X 147 - 058 - 578
Nimonn 9 Nl - 4.70 - 09}
Hastelbyy € LX) IS B B ) 2.0 I
Modiled)

Hayones 20 3 07% 10 M0
ADY

18) Balance Ny

(U} Testing of hiaers of modificd Hastelioy € ey to the
cuncluson that this material was not sufficiently Juradle.

UV A Haynes ADY hiner was test fired tn 2 .60-caliber
barrel. After only 150 rounds of the SU-2 croson swhedule, the
vehouity drop exceeded 200 {ps and the hiner was found 1o be
cracked.

(U) Based upon these results, nickel-bese alioys have not
een conssdered strong candidaces for erouon-resstant liners.
loez-Alumi sioy Li

(U} Two wor-aluminum-alloy Uners were test-fired in .50
caliber barrels with the OGL-350 schedule. Alloy positions
were:

FebALICH
Fe-8ARITi

For both materials, the liner was “washed” into the bore after
only 200 to 3i%0 rounds had been (ired. it was concluded that
these alloys are ununtable for use as liners.

Molvbdenum and Molybdenum-Alloy Liners,

Of the various metals and alloys consideyed for use 3 basrel
tiners. probably nonc has recrived more attention than molyb-
denum. Its outstan ' ~ig characteristics sppeas to be its high
melting point (mol  Jenum melts ot 2600 C, compared with
1430 C for gun stee and 1250-1300 C for Stellite 21) and its
resistance (0 attack 1y het propellant gases. [n early tests on
unralioyed molybdes um, it was found to bs too soft at high
temperstures (o © at the engraving strewes 1, hencs, the
lands were quick, / flattened. Alloying with 0.1 to 0.2 percent
cobalt increases the hot hardness of molybdenum sufTiciently
to overcome this problem.

(U) Another problem, th..: of britticness, was not 50
essily overcome. Molybdenum undergoes & ductility transition
= its temperature is changed. At low temperatires {including
room tempenature), moly bdenum, unless sxtremely pure, ic
wery brittie under ile foiding, wh at ehevated temp
tures it exhibiis approciable tensile ductility. Wien a gun is
(lred. steep temperature gradients occur at the bove surfacs,
giving rise 10 compressive stresest in the hot surface layers &
they try to expand against the restruint impossd by the unler-
tying, relativeiy conl layers. If the thermal strem is great erough,
the hot layers will deform . Upon cooling, the sur-
face layers will have to stretch to retum to their original di-
mensions, ie., they will be stressed in tension. Tension streses
in molybd at temp below the ductile-brittle tran-
sition frequently lead to fracture. This, in fact, hes proved 1o
be the major problem in molybdenum liners, Alter firing,
cracks are frequently found in the liners; this beads to the
pouibility of loosxned perticles jamming the bore or sllowing
the propellant gases to leak through to the underlying steel

C % OO AT Othet
0US 040 108 OTF 238 -

006 1,29 - 032 & 0 (o
01 05 09 - - -
02 0o 1.5 5 1.5 'R ]

with conwgquent eroson. This susceptihility 10 bnttle craking
is particularly dangerous 1 8 weapon because the extent of
damage cannot be predicted with cor:fidencel¥).

(U} Many efforts were made to overcome this bnttieness
problem, because 1t was known that molyhdenum was supenor
to Stelute 21 with respect (0 e~0M0N feustance. Atlempls were
made to improve the ductiiity of the liners by alloying and by
developing better h. Fworking schedu'es and stress-felief
treatmenty. In addition, atlempts were iade to take advantage of
the directions) propertues sssociated with heawily-worked malyb-
denum. Other approaches included use of (1) segmented molyb-
denum liners of various designs (1) double tiners, iy which the
motybdenum is encased in a matensl having an expanuon cor
efficent midway between thet of the molybdenum and that of
steel, and 73) molybderum liners made by power metallurgy
methods. None of the efforts was successfui in eliminating britile
cracking in molybdenum liners, even though it was demonstrsted
that, on the sverage, use of properly fabricated amd demngned molyd-
denum liners resulted in increased barrel lifetimes in comparison
with those of Stellite 21 liners. Since 1957, little sdditronal effort
has been made (o develop improved moly ddenum liners. However,
it is still viewed a3 8 promising matenal for lners if 3 means can be
found for icwering the ductile-brittle transition temperature sulfic.
iently to eliminate the cracking problem.

ColumbiumBeac-Alley Li

(U) The experience with molybdenum liners led to studies
of other refractory metals. Columbium sppeasred particularly
promizing; its meiting point was nearly as high a3 that of molyb-
denum and its ductile-brittle transition: tempersture was well be-
low rovm tempersture. Ir, additon, its thermal-ex pansiow co
efficient’s being considerably greater than that of molybdenutn,
educed the thermal-expansion mismatch between the liner and
the steef barrel.

(C) One probiem with columbium sppears to be insfTicient
hot hardness. Attempts to overcome this deficiency include
alloying with tantalum or ticconium, ccld-working and oxidation
of the surface to producs interstitial hardening. Tcsts with pertish
length Liners have been encouraging. However, the most significant
sdvancs in refraciory liners invoives ihe development of thin-wall,
fulHength kiners. Firing te~s on bervels containing Yull-tength
columbium-tiners of 0.025 to 0.030-inch wall thicknes inter-
stitiaily hardenad, resulted in derred lifetimes significantly greater
than thoss obtsined with Stellite kiners oc with molybdenum liners.
Fo7 exsmple, in . $0-caliber barvels, firing 85 rounds per minute in
20-round bursts, the foliowing berre! lifetimes were observed:

Lotz Dacrel Lifstime, rounds
Stelute 1500
Molybdenum 2300
Columbium 3300
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U) Mamt ot the woih sondug ted oncotumbiun linets
touk place 1 the tate 19507y 4 the prsiniung resulis sppeared 8§
0 wartant abditnwnal etharl  However, o8 pomntrd oul varlns
s teport, iateseat gt tmprosing winall aims wened in the
carty 1960y and 1l apsecans that oo tolliw up work was con-
ducted, other than thal wha h Mas reoently been imitiated.

Cegamn and Uesnct Linen

(U Yarous ceramu and cerinet matendh nught be con-
sndered ikely Ccandndates s barrel liners bevause uf thewr high
mrelling points, Righ dot hacdnew, smd, in many «ases, revstame
tu reation with propeilant gaws However, v with malybdenum,
o meght B antipated that brittiencs woukld iImpose severe pro-
Dlems

(L 1 appean that litthe etort has been made (o use such
matersaly for gun liners. Reports of an sttempt to use a short
onnkesbate haer in o SOvaliber barrel induate that cracking
L urred o the (int roumd snd somplete (ragmentation after
10 rounds. Samilar results were obtained with 3 SC-Ni vermel.

Surfave Treatments

(U') Mumerous attempts have been made ta improve
busrel performamee by treating the bore wrface to improve
11 hot handnem and 1ts resstare 1o sttack by the propeliant
gases. As already noted. chromium plating was found to be
very effectve in improving barrel hifetime. In combinatson
with a Stellite 21 hiner, ot formed the standard for vomparison
when evaluating other methods (o improving barrel lifetimes.

Nutmding.

(U) Nitnding is 3 process whereby nitrogen is introduced
1nto the surface of stexl 1o mpart a hard, wear-ressstant surface.

(U} Tests on mitnded barrels indicate improvements
meer untreated barrels but not as great as thoswe due to chromium
plating. Using the twa treatments together, i.c., chromum
plating aver a nitnded layer, has been demonstrated, in certain
wsances, 10 gve better performance than chromium plating
alone. However. the beneflits of the nitnding prior to chromium
plating apparently are not sufficient to warrant the edditional
apecation. Consequently, current practice i (o use the chrom-
um plating alone.

a .

(U) Chromizing is 2 pre<ess in which 3 chromiumerich layer
i3 formed on a steel murface. One procedure invoives a displace-
ment rescton in which chromium atoms from a chromium-rodide
vapor replace iron atoms m the steel. Chromized steel has & num-
ber of charscteristics that mem 10 be attractive from the stand-
point of improvirg gun-berrel lifetime. These characternistics in-
cuda: (1) esistance to oxidation and scaling st high tempens-
tures, (2) good adnerence (o the bass metal, and (3) good
thermal-shock remstance.

(Uj Although chromizing hes been considered for uss on
bore surfeces, no reports have been located that would indicate
that any firing tzsts have ever been conducted on chromized
bastels.

Chromivariron-Alloy Plating,

(U) A process (o eloctrodeposit verious chromiumeiron alloys
recwived considersbie atzerition as 3 means for improving the tife-
time of stes] berrels.  Deposits studied inciuded as litUe as 50
percent chromium 10 a8 much as 94 percent chromium. Despite
20me prosising results, the procodure was not developed (o the
point where it equaled or exceoded chromium plating as a method
for improving barve! performance.

Vipor-Deposited Costing.

(U) Limited studies have been conducted on vapor deposi
tion of these coatings of molybd and tungsten on steel
barrels. These studies have been ¢ primarily with attain-
ing good adhesion, uniform thickness. and a suitable micro-
structure. Apparently, no firing tests have been conducted.

SUMMARY Of CURRENST PROGRAMS 1L
Kk trland Apwendd (L))

(1) Theve progests are wnderway st Ronk Ikand Arensd,
Rk Idand, Liness)  Thee progects imvolve iner materuh,
mManuia tuning methode, and hnee Dieatmens methods  Spevr
fually, the following prigrasn s being pursued

(1) Eaplouse bundmng of refrs tory-metal kners (o steel.

12) Corntrumon of mirstory metai hners with stest

13 lomtnding (glom-dmbatge mitrding ) of steed.
Explowe Bonding (U)

U Eaplosec-honding eapenments are being comduc ted
couperation with Frankfond Aranal. Preliminary work on thn
wibject had been Jone m 1963 611) I current work . the nital
expenments conusted of bondug # stnp of vantalum onto 3
sinp of stecl. Subayuently, 4-1/2-mch lengths of tantalum
tubes were exphruvely homded nto ymooth sieel tuhes. The
third step was 1o bomd a short, thae, tantalum-alloy (T 1,
Ta-4W-2HN tube into a prenfied sterl tube, therehy forming
the nfling on the tzntaluwm bacr at the lime i Kk explovvely
brnded  Initial inspeciion of the resultant tantakurm-alloy-hned
stecl tube revealed some cracks slong the nfling, but thrs was
thought ta be the remuli of starting out with hard cold-worked
tantalum,

(U} At this writing, steps are being taken to apply explouve
bonding to longer tubes; no results are available.

(U) One of the additions! sdvantages of explouvely bonding
the lines would be that in the procew, gain-twist nfling would
be incorporated. When the hwer 1 introduced by swagng onto
2 30iid mandirel, on the other hand, gun-twist nfling cannot be
used because of the obvious prodlem of removing the mandrel.,

Coextrunon (V)

(C) A firing test program is under way 10 evaluate coex-
trudcd tubing prepared 1n 1966 under a contract between Nu-
chear Metals Division of Whitiaker Corporation and Spring-
field Armory. The preliminary coextrusion tnals were made
on AlSI 4150 steel with & Ta1OW liner. The tubing as sup-
plied had an OD of 1.43 inckes, including 3 § 7-mu-ihik, 0w
curblcm-(ﬂse:i extrusion jacket The 1D was O..!:O‘nu:n.wAs
tote) o piemmmrvhd’ , ranging from 24 (o 30.
inches in length. In 47 of these the To-I10W liner had a thick-
M?SZS mils; in the other 7 the liner thickness was 10
mils{12), Final decisions had sot been reac
alioy and thickness, 23 of Jamuary 30, 1968,
clusion besed on two extrusion trials and one fining test is
that the liner was well-bonded to the steel
somewhat less wear occurred st the origin of rifling in the

3 standard

lonitriding (V)

(U) The “lonitriding™ proces /s 3 name given 10 the
Berghaus glow-discharge method of nitriding with nitrogen.
Investigation of the prooess and its applicability 10 gun-barred
Urealtivent is an wrivouse progect sf Rock island Assenal.

(C) In a firing test with M-6 barreks (six-barret, 2Gmm
Yulkan gun) the (ollowing were evaluated:

(A} Ibarrels: standosd chromiven-plated stocl
(B) 2 barrels: lonitrided steel
(C) 2 barrels: lonitrided and chromium-plated steel.

i
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AUV A W0 nowmd fining progeain® was planned for the
(ureng tests, that 1s, SO rsundds et barre)  The tests were
Winvnated I boie caompleting the entire 10000 puumd w hedule
Pes duwe ot 4 oinplete failure” G e | weparation) of one ot the

"UUbarreln Prw 1o thisevent, adter D1 OO rounds, ane of the

8" miinded harrets had been reonned bucauwe of excewuve
vehrity ks O2trHipm) AL that tie both the 'A” amld the
L harrels were it winlatory conditon

U Thus, preliminary espeniments scem (o iwlw ate that
the lomitnided darrels vlicr no advantages uver the standard
vhronum-plated barrels Neverthelew, current plang cail for
sonunuing expenmenting with the provess in an atiempt (e
mprove il

Army Meghanns ang Matenal Research Cented 130 (1)

(L) At the time of thus wnting, AMMRC reports that
they Nave o lassiticd program with General blectne Company
on gun barrel matenals. Presumably this woyld be for the Mini
sun. Further details sre being provided to DMIC, but they have
not yel been received.

Eghn Ax Forge Baset 14) (Uy

tUY Egh AFB repirts that they have a program with
Leneral Motors Corporation on the vapor depuoution (“vapor
ls are availab

1 ® 1

(U Prehiminary ovalugtion suggests that 3 and 17¢
molyhienum slloys éd 1o 10W are sugernsr Lo other matcrials
teasted, wt tests made Both with and withoul s T8I wdd tive

DIV USSION AND CONCLUSIONS (L)
Limatations of Barrel- Matenat Stud.es (1)

U Tan bref roveew of the bitersture indm ates that a
wije vanety of matenals have heen studied, and subvequently
royected, as candelates for improving the hfetime of small
a1my gun barrels  In some cawes, the sludics swem to have heen
very thurough and involved repeated attempls to optimize
Pronesung, devgn, and fabncghion, furthermaore, con.fusiens
were hased on 7 large number of carelully controlled (rng
tests, foliowed by an examination of the botr surfae 1o 1den-
ufy the cause of fallure. At the other extreme, & partwular
matenal may have been tesied in only one barrel and the Lause
of falure may not have been established. This Iattet baus for
dinqualifying a matenal i clearty insufficrent, but even the
thotough testing may leave s numbder of queshinns unanswered.
For example, in certain aces, the matenal under test exhibited
a liferae less than tha! shown by a Stellite 21 tiner when tested
wnder a particular finng schedule. However, st1s entirely pos-
uble that umder 3 different finng schedule the performarce
satings weuld have been reversed. To be truly meanngful,
!hnr ma_tef'ul‘ evalugtons should take into sccount several

planng™ ¥ of tungsten wnsude steel b No
on the progress of the program.

(U) Presenily under conuderation by Eglin AFB are
progr for coext 20 Ta-10W-lined steel basrels. How-
cver, no coniracts have been let.

T Rexarch Institugel13) (U)

Exploratory investigation of the eromon of gun-barrel
matenals has been carried out in recent years by HT Rescarch
Institute. Most of the work was supported by inhouse fuids.

(U) The apparatus used was described as a high-pressure
vented bomb. In this Jevice, the hot combustion gases from
237 mm cartndge bumang M2 double-base propeliant escape
through s replaceable nozzle. The nozzle 18 made of candidate
barrel matenals, and 13 wbicsied to the sirubbding sction of the
hot combustion gases and unbumed powder, but not to con-
13ct with a progectile.

(U) The (ollowing insert materials were investigated:

AIS) 4150 steet

Udimet 700

DS die steel

AIS] 4140 steel, with boronized costing
High vanadium high-speed steel; 18402
TZM molybdenum alloy

TZC motyddenum alioy, boronized
Waspaloy. boronized

Tar 1OW alloy, nitrided

Te10W alloy, bare

Weight lowm, hardnes changes, and metailographic examination
‘were used 10 evaiuais the candidats matcrials.

(U) In addition to being used for materials cvalation, the
IITRI device served as 8 mezns of investigating the sffect of
additives to the propeiiant.

*(C) The firing schedule was: 1200 rounds in four bursts of 300
rounds each (thic takes stout J sec), with 15 seconds be-
tween bursts, (oflowed by compiete cooling snd examine
athon,

(1) Caliber of the wespon — the relative ratings of several
barrel materials may not be the same for weapons of
Sifferent caliber. l‘m could be the result of different
mamses, which influence heat transfer.

{2) Typs of propeliant - both comporition and flame
tentperature may be important in determining the
severity of attack of the bore. For example. it s
known that Stellite 21 liners melt very quickly when
used with a double-base propellant, but grve resson-
able lifetimes with a single-base propellant (2} If
8 high flame-temperature propellant is used. it is likely
that any refractory material, even though susceptible
;o b&ml; lcrlckin;. will cutperform the lower melting

tellite 21.

{3) Firing Schedule - this is an extremely important fac.
tor in evaluating verious materials Relative ratings
of various bore materials estadlished for one firing
xheduls may be meaninglews for a different firing
schedule. For exampie, 2 high-melting-pont bore
material that is brittie st room temperature, might,
if fired continuously until failure occurred, out.
perform & Stellite liner, which would rapidly esceed
its melting point. Gn the other hand, firing in short
bursts with intermediate cooling would probably re
wult in cracking of the brittle material, whereas the
Stellite would perform well.

(4) Composition snd condition of the matenal heing
evaluated — this point should be obvious bt it has
received little attention in the various matenals
evaluations described in this report. The fact 1s that
Whe sirength, hardness, and Suctility of matetiais. bolh
at ambient temperature and at the temperatures en-
countered in the bore during firing, are highly depen-
dent upon the chemical composition, and mechanwal
and thermal history of the material.
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15) Atientnw to deugn and labncatnn detals - when a
fanes 1 uaed 1R 0 gun barrel, vonuderation must he
grven 1o ity Shetmial-c apanwon v iTinient in felatum
to that of the barrel matersl. Sellite, foe exampie,
evpamnds more than gun steel. whereas moly hdenum,
amd mast other high-meltng-pont matenals, ¢xpamd
bes than steel. This allcws the possatality that 1he
steel will expand away (rom the lincr, kcaving it une
suppurted, and, therchy, respuire it to camry the entire
preusure load. With regard to fabrnation, it 13 sm-
pottant that ¢ iner he sliached 1o the barrel in suh
8 way that no shiiiing of poutwn can ieur dunirg
fng.

{0) Reason tur barrel failure wn finng tests - barrels fal
for vanwus reasns, indluding weanng of the lands at
the ongn of niling, <racking at the bore surtace,
melting of the bute, or bore crouon. In aliempuing
10 improve the pertormaine of 8 partiulas type ol
watenal, 1t s ymporiant (0 know what led to falure,
For example, 1l the bore surface melted, btthe benefit
wou i be ganed by 3 program aimed at improving the
ductility.

DIRECTIONS FOR FUTURE RESEARCH(V)

(U Ut seems clear thal caclier work on gun-basre| materi-
abs fatled to anticipate the hugh (inng rafes that modem gun
systeras are mechanrcally capable of providing. The logistic
and tactical advantages of a longer lasung barre! in high-firing-
rale guns are obwious, although economk consideratons might
preciude the sppinstion of certain matenals capable of secunng
these advantages.

{U) Future research on gun-barrel materials, it would seem
{rom an analysis of Lhe past and current work, must emphaure
the need for severe fining schedules. Many matenals. previously
discarded on the basis of cursory evidence, should be reexamined
in the tight of current needs, but the trend towards refractory-
metakalloy liners scems logical,

(U) The majority of past and current eiTorts to improve
barrel performance have emphasized the use of liners in steel
barrets. 1f maximum performancs is to be achieved in modern
SRR sysiems, it may be necextary to find tarrel matenials super
10¢ to steel that will be capabie of operating for long limes at
temperatures in excess of 1500 F without distortion. Nickel-
base and cobalt-base superalloys and posubly even refractory-
metal slioys sre candidates for this application and should re-
ceive stiention concurrently with liner-development programs.

(U) In maay instances, the lsck of manulacturing methods
‘wes 8 deterrent to the preparation of candidate barrels suitable
for text firing. As an exampie, shrink fitting of certain combin-
a%ons of liner and tube has not been developed to the extent

needed 1o make lung bamrelset 3), Clearly, manufacturing-methods

development must sccompany the matzrials-development pro-
grams if difficult-to-manulacture combinations are desi
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APPENDIN 8 1))

MILITARY SPLUIFICATION STHEL, BARS AND BLANKS (UNDER 2
- INCHES IN DIAMETEH) FOR BARRELS OF SMALL ARMS WEAPONS ()

1 1 COPE

(UL 1L Syope  Tha speaifiwation covers allay steel bass and
Manks urmler 2 inches in diameter (02 uw in the manulscture
ot darrels foe small arms weapons (wee 0.1 and 6.3).

(U 1.2 Clasi(wetwn.

(U 1,21 Compumiton. Bare. amd blanks shall be furnished in
the componton listed o *zoke |, as specified (see 6.2).

(U 1.2 Comdition.  Bars and Manks shall_de fumpshed in
the following cmm 4 pevificd (see 6.2 and 6.3):

Bars (mill tength).
Hot rulied, as olked.
Hot rmolked and anncabed (see 6.6).
uenched and tempered.

Blanks and gun barrel dar lengths
As rulled or as forged.
Cold formed blanks (spheroidize annealed
before forming).
Quenched and tempered.

(U) 2. APPLICABLE DOCUMENTS

1U) 2.1 The following documents, of the issue in effect on
date of invitatwon for dids or request for proposal, form g part
of this specification to the extent specified herein:

SPECIFICATIONS

Military Macroetch Test and Macro-

MIL-M-| 2286 graphs for Resulphurized Steel

Ban, Billets and Blooma,
STANDARDS

FED. S5TD. NQ. 48 ~Tolerances for Steel and Iron
Wrought Products.

FED, STD, NO. 66 -Steel: Chemical Compouition
and Hardenability.

FED. TEST METHOD

SYD. NO, 151 -Metsls: Test Methods,

Mili

MIL-STD-16] -Steel Mifl Products Prepanation
for Shipment and Storage.

MIL-STD430 -Macrograph Standards for Steel
Ban, Bilicts, and Blooms.

(Copies of specifications, stancards, drzwings, snd
publications required by suppliers in connection with wuciJ

procurement functions should be obtained from the p  §
activity or p1 directed by the contracting officer.)

* (U) 2.2 Other pubdlications. The following document forms
a part of this specilication (0 the extent specified herein. Un-

s otherwis: indicated, the imue in clfect on date of invitation
for bids or request for proposal shall apply.

Saciety of Automotive Engingety
AMS 1640 -Magnetic Particle Inspection,

MIL-S- 115950 (MR), 3 Jenuary, 1960

{Applnation fur copas shoubd be sddrvary 1o the Sty
of Automotive Fngineers, ng_, 443 Leningtin Avenue, “ew
Yorh, New York 100173

(Technn sl sovsety snd technial syum tafiom specifn sl
snd standards sre penerallty avalable for ecfeteme (rom Is
branes. They are abo dntnbuted among technnal groups and
using Federal agenores.)

(U) 3. REQUIREMENTS

Uy 31 Chemual componution The chemual mm.wunoﬂ
shall conform (o (he requirements shown 1a tadie |,

TABLE 1. CHEMICAL COMPOSITION?: 2- 3 101y

._ORD41SO Resulfurzed _ Vanadium
Element Percent Srreent Pescent
Carbon 0.48-0.55 047-05% 041-049
Manganese 0.75 - 1.00 0.70-1.00 0.60-090
Phosphorus 0.040 . 0.040 0040
Sulfur 0.640 0.05-009 0.040
Silicon 0.20-0.35 0.20-0.3% 0.20-038
Chromium 080-1.10 QN0.1.18 080-1.15%
Motybdenum 0.25-0.2% G.15-0.25 0.30-0.40
Vanadium 0.20-9.30

!Chemical ranges and Emits based on Jadle analysis
Maximum except where indicated as a range.

35 teels containing elements not designated. in excess of the
following amounts, shall be subject to rejection: copper
Q.33 percent and aluminum 0.040 percent.

(U 111 L is, A certified ladle analysis of each
heat or melt of steel (3ee 6.3) shall be fumished by the con-
tractor showing the perceatages of the clements present.

(Uy 3.1.0 Theck analyyis. The chermical composition, &
determined by check analysit (see 4.4.2 and 4.6.2.1). shall
meet the applicable requirements specified in Federal Standard
No. 66 except that check analysis for suifur shall be required
foc ORD 4150 Resulfurized steel with an allowance of 0.01
percent under or over specification limits.

(U) 3.2 Quenched and tempered condition (e 1.2.2)-

() 3.2.1. Hardacss, Bars and blanks specified in the quenched
snd tempered cordition shail have a Brinell hardness of 277 to
331 when tested as specified in 4.4.3 and 4.6.2.2.

(U) 3,22 Heat-treatment. Heat-treatment shall comist of
healing, quenching in circulating 0il. and tempening (o meet
specified hardness snd physical propertios (see 0.5).

(U) 3.2.3 Simcsmgelief. Uniess otherwise specified, materia?
which has bren cold straightened after heat-treatment shall e
stress relieved at a temperature not fower than 150° Fahrenhet
(F:) below the final tempering temperature.
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A U et oustamy T AU TN et born bnkess othe fwine sgwoifrd el

Ty S menchod st femgeeied ondinen Whea ban ot

Mank  are turatnd 0 f1e gus nched sl teoipered (omditaon,
Sewi v immns (e sdeprloy Cabct an i in 3 8 4 chalt
N v oan gyerige bt tuding) wipat valage a1 g femperature

of mumgs B0 F 0 ot koas thgn AU Eoot pumeeads when tealed
mapvatwedindn b asd de U So pulinadual vatue vhall
b b than 89 ot proursds When Manks aee prinhiney by
PR eves Bhnh vaeive an uprae t Borgimg ogwe sl s T art
ndpe Chant area v B ot sgaa e n faken Inem the (ham.
It arve Yal Beve o bengitudingl enpact vahue at o temperature -
of munuy BT E Cfnet b Than LY el peds Speg amons
taken 1R the et upaet arcg tae 4 001 L Lo et mert the
A0ttt peund average and the 1S Toot-pound imbyidual re-
qUire el spey iy shanyg

Sl N2 AL puiied we torged, wold futned of aangcakd voa
diboa. When ham or Blanka are (urmishy & n any ol the
abune comdiTrias Tl ey imens inun umples taken o
weuthied 0 4 4 12 gomd hoat treated ssapecfed n $ 6 1 12
B g Ros Awell Aardiess ot € 10 104 38 gop 1he viuivglent
Bonell Naninesw 5. detcrmined uvng the appinable converuon
table vontamcd 10 metyod 241 of boderal Teat Methed
Standard Mo 1581 o8 ll have an average longitudingl impact
value at 2 Wemperature of mnue U1 F of not ks than 40
fomrt-poumts when tedded asspeaifnd ind 6. Lot 46 21
Noqn imbinidual value shall e doas than IS fout-pounds. When
Blank s are pruced By provesws which involve an um!
torging operalion i the Cartondge chambeer ares, ca't test
spcimnen tahen trom the vhamber arcs shall have o longstudinal
inpat value at o temperature of minus 400 F.of not less than
15 tol-prwinds  Sgwcumens tahen {rom the pon-upwet ares
twe 46,11 M ahall mevt the 40 Tunt-pound averag: s the
28 fout-pound ind1swual requarements specified above,

WU V4 Marostructure.

W) 340 ORD 4150 and Chrome-Moly-Vanadium, The
Qquabity and sheaniimess of the steel as indicaled by the resulls
of the mavroetch test specified ind 4.5, 46012 and 46.2.4
shall e equal 1o of beiter than macrographs §-2, R-2, and C-2
for electn furnace provess and $3, C-3 and R-1 for open
hearth proces of MIL-STD-430.

(U) 3.4.2 ORD 4150 Rewllurued, The quality and clean-
linews of the steel as indk ated by the results of the macroctch
testspetlied m 4,45, 460 0 w46*4wllbeequnllool
better than macrographs AS-M contained in MIL-M-122

with all D defects unacceptable.

*(U) 3.5 Nontoetallic ioclusions. The steel shall have s maximum  ©
sverage tating of 0.45 for hoth frequency and severity when
tested a3 specificd in 4.4 6, 4.6.1 3, and 4.6.2.5. No individual
3t specamen shall have & seventy rating greater than 0.75.

1U) 3.6 Hardensdihity. The hardensbility of the steel shall be
ot bew than 552 (Roxkwel] C52) at 8/16 inch (onehall inch
from the =md of s stamdard Jominy of end-quench test specinen)
when tested as wecified in 4.4.7, 4.6.1.4, and 4.0.2.6,

* (U) 3.7 Forpng practice. When forping operations are per-
formed. proces controls shall be subsect to Government
approval. Hesting (ur formang shail be conducied uung methods
and equipment, ichuding pyromesnc controls, suitable fer the
PUrpose.

(Uy 3.8 Dwmenwons snd tolcranes
Uy 381 Alaaks st focged bans. Bhntund torgcdh-n

(see 6.3) shall conform to the d
wpecified . the contract or order (see 6. ’)

todivd Bars shall vomlosm to he oot 3 Jung Dvac oty aned wiralt
b withan the ok o s s st thie Inikeing paragtaptes of
federal Mlandard o drswe )

mnenuon Paragrpn
thamwter 1h)
Straghiness 168

(U3 19 Mythog Fach Bar o blank shall he agitgh iy myrked
to wdrntidy the heat or mett The smathieg mediur shail mot
framt ohpectronahly with the syrisce ot the erl Junng heat
treatimsnt Whoen specida d individusl hars o boanks whail he
wentind as tegured 0 thic meitatum Sor buds of order tae- b 2y

(U V) Workrianstup  Bars and blanks shall be wund uns
term an qaahly and condition, snd commictoelly Irce of iIndine
Hons of vwetheating o burning, oraks, Ty, wars damaged
ends, and Otter related detesta ingurious to the finnhed com-
ponent (we b 1)

(1 4 QUALITY ASSURANCE PROVISIONS

() 41 Pesponubility for inspestion. Unless otherwne
sixeCified 10 the vontrat of purchase order, 1he suppher i
responuble for the performance uf all inspection requirements
2 sprufied herein Faoept s otherwine specifvd . the wopler
may utilize his crmn faailibres o6 aay com™eriat labotatory
aceptable 1o the Govermnent. The (;overnment reserves the
nght to perform any of the mspechions wt forth in the spevs-
fation where su i inpeclions are deemed necevary 1o ssure
supplies and wervices Lonfom to pres nbed requirements,

Wy 4.2 Clasnfy, stion of impection. All examunation snd tetting
m this specilication s dawificd as quality conformarne -
spection and shall be to detcrmine conformance to the require-
ments of the speafication to serve a4 2 baus [or acueptance of
the matenal covercd by this specification.

(U) 4.3 Lot, A lot shall conust of all matenal wubmitted for
inspection 1t the saine time, of the wme heat of melt, same
condstion. same uze. and. when heat-treated, shail be from ihe
same furnace charge of a hatch type fumas or thall he of the
same heat ¢ ent in 3 conti fuenace. ldentification of
each heat or melt thall be maintatned throughout manufacture
and inspection.

(V) 4.4 Sampling.

(U) 4.4.1 Forvisual and dimensional examnation. Unless
otherwise specificd 1n the contract or order, the contractor
shall use his normal commercisl sampiing provedures.,

(U) 4.4.2 For Government check analyxs, When Government
check analyus 1 performed, at Jeast one sample shall be taken
from each heat of melt. Each sample shall be composed of
approximately 2 ounces of dnitings or millings taken from ban
oF blanks in accordance with method § 1) of Federal Test
Method Standard No. 151. Samples shall be forwarded prepasd
DY the CORITACIN 10 the desgnuted testing agency (see 6.2),

(U) 4.4 Forf hardness testing.  When bart o blanks arc fur-
nished in the quenched and tempered condition. the contractor
shall take at random 10 sampies from each 100 bars of fration
thereod. Ome defective sample shail cause resevtron of the
represented matenal,

(U) 4.4.5 Forimpact rrsnstance tevting,
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TN 4441 Quenihed and tomipered wondiion,  Berv o
blanks shall te tanen teomnt e h heat o8 mell in mvondame mith
the sppin abde w hedule vontained in tabie i1 Sanpling shall
he pritormed in alphabctial wquen e os specitied in table 11,
and tests (06 ca D w heduic must be satidactonly compie ted
prue to undcrtahing (e et shedule Sempling will revert
to wheduic A when any of the fullowing weaun

(3) Fadure of sampie spevimens (0 meet impact resistane
requiremients (wee 3 3 1)

(b) Mumlitication of the heal trrst proves.

1) Utidzaton of new heat (st equipteng.

(Jd) Sampkes are taken from new heat or melt.

(¢) When conlinuvus turnme s restarted sitet shutduwa,

ll.l. ll ‘AH'IIM Ol R IMPACT RENMST A\( b TEATINVG (L)

Sk ld.h turnmt

LY e Ras 0 Mand from eah (nr har ur Mank of Kant of ap-
ot b bt far (aeve vow ctatmm, Theer Mors or Manks
- vty guace s s Trom riomt each § UL hers ur blonks
eah hoat lrest lumane or ¢ h B hours of operatn,

whan et ocaun fird Sempies
shall he takon gl heginar

maklie snd ered of run Ten
s vine winfalory leds
rprewatng rum of 1| O bars
of Blaaks o & hayrs operaion
#halt he vhtawwd hefure

PR oeding 10 wheduie §

] One baw or Mk from: O bt o Npnk from eah 1,000
vy dquemd s or el b or blaaks oreah B hown

of operainm, whe hTver ovcurn

firt.

‘ ontuniout b winee

day s Prdia ton. wha b
i uaun frd iromcah
Mgt treat fummace uted fod
N romw utive mpies,

¢ Owe har o Dlank from e
weed s peafun (M Trom e
heol-treat furnme \m'd

*(U) 4442 Asgolied_as

wonditiop  One sample shall ukcn from mnenal repres
senting the top and dottom of the first and last usable ingots

of the hest or melt (four samples per heat or melt). Blooms of
tillets may be {orged 10 bar or blank diamveies fur use 34 Wmoks
for ths £ Atthe op of the Go

nmplm: may be used by taking st beast | bar or blank for each
10.000 gounds of matenal, or fraction thereof. (n any cane

the sampie to be tested shall be of the Jiameter specified in

the contract or order (s2e 6.2).

(U) 4.4.5 For macroetch testing  Full croms-section samples
shall be taken after dncard, from billets representing the wop
and bottom of the farst, miidle, and lest uubk mu of esch
heat or melt At the op of the G

sampling may be used by taking a full crom-section sample
from at beast | dullet in each 10,000 pounds of material, or
fraction thereol. In the absence of billct tests, 10 bars shall
be taken from each lot.

(U) 4.4.5 For nonmetallic jnclusion tesiing, A smnple zhal)
be taken from bars and blanks representing the top snd bottom
of ibve first and last usable inguls from heats or meits having
not gver 10 mngots or more than 30 tons, or from portions of
heats or meits within these limits; and from the top and bottom
of the first, mmidie, snd lsst usable ingots of heats or meits
having more than lOmem 30 tons.  Blnoms and billets
may be forped 1o {inished bar or blank size for use & samples
for this testing. At the option of the Government, rsndom
ampling may be used by taking a sample of 10 bars or blanks
from esch lot. When specified in the contract or order (soe
6.2), the contractor shall submit to the procuring agency,
prioe to ¢ not laler than delivery of the product of the heat or
melt, test umplﬂ from the same har or blanks from which the
tnr's lest ples wene taken, These ssmpies shall be
spproxumately 14 inches long.

*

(U) 447 For hardemabdity testing At leant one sanple shals
be taken Irom materwl sepresentng the top and bottom of the
Oirst and [as! useble mgots ie the haat or meit {liur samples

per heat ur melt).

(U) 45 Examinstion

(U) 451 Forpngpratne, Penodn wrverilaae of lorung
pracime shall he conducted 1o awure comphsme with (he re-
Quirements of 3.7. The Governsoent representatve shall have
accrsy (o pyrometers and tecunding invtrumenis and 1o thewr
[N *z« scuracy of the nyrometers angd wnung Jeviey
hall be dm.led by the nﬂln-.lov vung witahie caiibrating

y d by the Government fepresen-

h!m

(1)) 4.5.2 Heat treatiment snd siress refiel.  Penodw provew
surveillance shall be conduited 1o assure Lomphance with the
Mest treatment (aoe 3,2.2) and strese redoef (we 3.2.3) require-
ments

(U) 4.5.3 Dimensiondl, marking, and workmamship.  Bars and
blanks shali be inspected by any stable method scceptable to
the Government (o ssoure complunce witk dimenwonal (we
3.8), marking (sex 1.9), and workmanshsp (see 3.10) require-
ments

(U) 4.5.4 Prepanation for shipment.  Exannnation of the
preservation, packagmg, packing, amd masking for shipment
:ull be m.ade for conlormance (o the requirenv.nts of section

(U) 4.6 Teats,
(U) 4.6.1 Text specimens.
) 4.5.1.1 Jmpact sexistance,

() 4.5.1.1.1 Quenchrd snd tempered condition, At least
two V-notch Charpy mpact specimens shall be taken isee
4.6.1.1.3) from esch ssnple dar or dlank (see 4.4.4 1) and
prepared in sccordance with method 221 of Federal Test
Method Standard No. 155, When blanks are produced by
procestes which svwobee an forpng operation 1n the
chamber area, at keast twa additional specime 3 shall be taken
13 specificd in 4.6.1.1.Ma), and prepared a3 speciiied above.

(V) 4.6.1.1.2 Asvsulied. 2 forged. cold formed, ot anocaled
mdition, lewuhmfomwdmuch Saror
blank, taken in sccordence with 4.4.4.2, or on cylindnval test
coupons hken {rvu a wmmple bar or from the chamber area of
[ Heat t shall consist of austemtizing.
oif qumchm'. and i accordance with table IV, to
the hardiess range nunru an 3.3.2 (see 6.5). Heat-treaiment
should be dimas (o produce 3 mrrostructure
of tempered maricnsine in the matental. Preliminary notmaluzing
may be used. Afier hest-treatment. al 2:ast two V-noteh Charpy
impact specinvens shall by Laken (see 4.6.1,7.3) from eaxch
sample baz, blank, or test and prepared m accordance
with method 221 of Faleral Test Method Standaed No. 151.
When blanks sre produooed by procemes whih snivolve an upset
forpng operation in th chamber area. at keast two additeonyl
specimens shall he tahen a9 specified in 4.6.1.1.34), ond pre-
pared o3 specified sbove. Hardaew readings 10 determine voni-
pliance with 3 3.2 shaki be taken in avvordame with mwthod
242 or 143, as applicabie. of Federat Test Methad S1andurd No.
151 on the notched face nf the hardencd test spevimen within
ont-fourth inch of the aenseriine of the notuh.

1U) 4.6.1.1.3 Locatios fram which test spvouncns shall be
taken.  Uniess otherene spevificd. Charpy impavt 1ot
specimens shall be taben froo sample bars, blanks, or test
coupons, as follows:
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(s} Blanks, #rom the (hamber asca. at ke ast ime mapor
vhamber diaricter away frumn the chamber end When
tlanks are pranfuced By proncsacs which involve an
upwet fonung operation i the hamher ares. the
additional specimens dhall te taken (rom & non-upwt
ares beginning between D 1o 3 imbes forwand of the
upwe! wlion

{®) Bata Frum an ares at lesst one bat diameter away
trum the bar ¢nd.

{¢) Tesk coupuns, From an area al keast one vy hinder
diameter away STum the coupon e

UY 46,10 Maoslruatuze. Seccimens shall be prepared in
accordanve with method 321 of Faderal Tust Method Standard
No. 181

(U) 4.6.1.3 Noametally mclusony,

¢ (U) 461010 Type of speamen. Unkess otherwise speaified,
testing fur nonmetallc indlusons shall he conducted wung the
step-Jown specimen  When specificd in the contract or under
taee 6.2), & straght cylindncal specimen may be used in heu

of the step-down spcamen.

(U} 461311 Stepndown spevimen. The step<Jown speci-
men shall be gencrated 1n cqual kength circumferential steps
8 foliows:

B 0f sk dasencier Sy bamb Tan A
Imchors Inctotr 1 2 ] 4 3
owre 0 400 to 0 SOl 1 40D D WD
owr 0 Wiv | 000wl | mas D J)/H4D 120
aver | 0 10 | 400 wwi. ) 180 D &0  ys5p VSO
over | 3000 | MOmL [ 00D 0 WD D 430 3D
O » ongast —— Mg wock o (mx 4.6.1.3.2).
® (U) 4.6.1.3.1.2 Strught cylindrical specimen. The specimen

shall be machimed 1 aczordance with the machiming allowance
speasfied 1n 9.6.1.3.2, to a straught cylindrical specimen 5 inches
2 1/16 1nch in length.

(U) 4.6,1.3.2 Machimng allowance,

Diameter Mirimum s ovatl
Inches nch (measured or radius)
owver 0.500 to 0.750 incl. 0.045
over 0.750 to 1,000 incl 0.060
over 1.000 to {.500 incl. 0.073
over 1.500 to 1.99C incL 0.090

| Allow 0.010 inch for finish machining after heat trestment.

* (U) 4.6.1.3.3 Heat treatment. Rou;hnx!uned:pecumm
shall be hardencd by sustably austenitizing, and
temperning to produce 8 hardnest not fower than Brinell 250.

(U) 4.6.1.3.4 Surface finith, The finish machined surface of
the fest specimen shall not exoeed a roughness heuh( rating of
40 microunches. The ends shall be finished to provide good
slectrical contact.

(U) 4.6.1.4 Hardenability, Specinens shall be prepared in
sccordance with method 711 of Federal Test Method Standard
No. 151,

(U) 46.2 Tot methods,

(U) 4.6.2.1 Chemical analysis. Chemical analysis of the
samples taken in accordance with 4.4.2 shall be conducied in
accordance with mathod 161 or 112 of Federal Test Method
Standard No. 151, In cases of dispute, referee analysis shall be
in accordance with method 111,

(U 4622 Hardnews Hardnews readings shall be taken in
scondane with metood 240 of Federat Tet Methond Standard
No. 151 on the extennor of (he test bars and hlonks

(U) 4623 Impact reustance Charpy smpact test shall be
wombucted m scordance with method 228 of Sederst Tewt
Method Stardard Mo 181 The tempersture of (hc fess specs
men st the ime of fracture shali be minus 477 ¢ 290 F.

(U) 4624 Macrostructure. The mactorth test shall be con
ducted in accotdane with method 321 of Federal Tesl Method
Standard No. 151,

(U 460235 Nonmetallic incdusons,  The normetalin i fu-
son content shall he delermined by the method specified
below,

*

(U) 46.2.5.1 Testing. Testing shall be by the wet magnetic
particle method specitied in Aerospace Matenal Specification
(AMS) 2640 uunya ctrivlar magnetization with 3 magnetizing
current of 200 10 - 19 amperes per inch of duameter. Direct
current shali he usd for magnetizing When the step-down
sreaimen 4 used, ‘e amailest step shalt be magnetized and
inspected first, the next larger steps shall be magnetized and
inspected in succesion. [nclusions one-eighth inch or less in
length shall not be counted.

(U) 4.6.2.5.2 Results. The frequenc

and scventy of non-
metallic mctuuom shall be determu

as shown bdelow.
(U) 4.6.2.5.2.1 Frequency,

(a) Total the number of indications for each specimer.

(b} Divide the total number of indications per specimen
by the surface area of the specimen in square inches.
This vatue is the frequency rating of the spectmen.

(<) Total the frequency ratings of the specimens.

{d) Divide the total frequency ratings by the number of
specimens. This value s the Jverage frequency rating.

(U) 4.6.2.5.2.2 Severity.

(3) The lewgth of each indication is recorded.

(b) Total the number of indications for each size
interval shown in table 11,

{¢) Muitiply the total number per size interval by the
severity factor of table 111,

(d) Total the products chtained in (c) for each specimen,

(e) Divide the product total by the surface area of the
specimen i square inches. This value is the severity
rating for the specimen.

(N Total the severity ratings of the specimens.

(g) Divide the tr. ' cverity ratings by the number of
specimons. 1 hrs value s the sverage seventy rating.

TABLE 11]. SEVERITY OF NONMETALLIC INCLUSIONS (W)

_Indiestionenath! _ Severitvfaster
Inch

over 1/8to 1/4 incl. 1

over 1/4 o 1/2 incl. 3

over 1/1 10 3/4 incl. 4

over 3/4 10 1 incl. 8

over | i6

1Wben the step-down specimen is used, an inclusion extending
the entire length of 8 step shall be considered to be jonger
than 1 inch and shall be assigned 2 weight of 16,

UNCLASSIFIED



@&

Y- e

UNCLASSIFIED

L3}

(UY 4626 Handenability  The hardenabahity test shall he
condunted In s cndame with methed 711 of Federal Test
Meihod Stamdard No. E91 except thet the susfemitising
tempeeature ahall be as specitied i Labke IV

TABLE IV WEAD TREATMENT PRUX TIN RE

Normalizng  Auucmtdng Agprotimare

temprrature tenpc s alure nmn:\n.
Lomponton Hmpetatuce
. - Rl % RIS\l 3 R oy ¥
home-Moly- ¥ snadwm 1874 ¢ 23 1eds e 2% 1200
RO 4140 am) ORD 4150
olr‘dlunnd - 15719 23 1150

(U 4.7 Rexstaon,

(UY 471 Examination,  Indivsdusl bars or blanks not meeting
the requirements of fhus specificatzon shall be rejected. When
sampiing mspecbion i3 used, the cepresented lot shall be e
yecied when the number of rejected umple units equals or
exceeds the repection number specified.

(U) 4.7.2 Testr.  Failure to comply with any of the test
reqjuirements of ths specification shall be cause for regection
of the represented matenal.

(Uy 4.8 Retesty Retests shall be permitted in accordance
with Federal Test Method Standasd No, 151,

* (U) 4.9 Cabibration of jmpect test machines, Champy impact
test machunes shall be calibrated under the surveillance of the
Government representative within 3 penod not exceeding 1
year previous (O use, using test samples prepared by U.S.
Army Matenals Research Agency (see 6.4).

{U) 5. PREPARATION FOR DELIVERY
(U) 5.1 Preservation and packaging,

(U) S.1.0 Jovel A Preservation and packaging of bary snd
tanks shall be in accordance with MIL-STD-163,

(V) $.0.2 LevelC. Preservation and packaging of bars and
blanks shall be in accordance with standard cornmercial prag-

(U) 5.2 Packing.

) 5.2.1 Lexel A Pxcking of bars snd blanks shall be in
sccordance with MIL-STD-163.

(U) 5.2.2 Leve)C, Packing of bars and blanks shall by in
accordance with standard commercial practice adequate to
nsure carrier scceptance and safe delivery at the lowest rate.
Shipments shall comply with the requirements of the regu-
lations applicable to the mode of transportation.

{U) 5.3 Muking In addition to any special markings re-
qumred dy the contract or osder, shipments shall be marked
in accordance with MIL-5TD-163 (see 6.2). The heat or meit
identification shall be required a5 pest of the basic marking.

(U) 6. NOTES
(U 6.1 lotended um.
(U) 6€.1.1 Steel covered by this specilication = intended for

use in the manufacture of gun barrcls requiring deep hole
dnlling and rifling operations.

(U 612 The wope of thes spruifistion dores wd himit the
ure of bars snd Monks purihaned 15 the unhest treated Lon-
dion. priwaled that matenial will be under 2 ihes 1n s
ameter when heat-trestment » periormed

(U) 62 Ordening dals Provurement documents shouk.
speufy the Jullowmg

() Title. number, and date of thin wecificancn

1b) Whether bars or blanks ace requared

11} Compostion sd condition required (see |.2).

(4) Sue requied (vee 3 8).

() When semplhing olher than contrator's normal
wmphing provedure 8 specifaed (we 4 4 ).

(D Shipping mtractions for Governmenl chesk snalyms
umple (we 4.4.0).

(g) Selection of sppicabie levels of prescrvation, pack.
agng. and pacung (wre sechon §).

AN) When special marking s required (aee 5.3).

(1} Certification requirements.

() Special markng on bers or blanks (we 3 9).

(k) Whether monmetallic incluson test wmples are re-
quired by the procunng agency (see 4.4 6).

(1) Drusmeter of wmple 1o be tesied for impact remy
tance (see 4.4.4.0),

{m) Whin straigh! cylindncal specimen B specified for
nonmetalin: nclusions testing (we 4.6.1.3.1).

© (U) 6.3 Defimtigns,  Listed below are definitions of some of
the special terms ysed in this specificition

A1 formxd - As forge 3, upset, or extruded.
Blank - A pertially formed gun barrel requinng machining
o some uther operations to produce » finshed

Crxk - Semuwol'ummnlvnudlyﬂdmcdbyn

fine trveguisr
Fomxed bwr- Ahoﬂro!hdbu(hnhul\dmyub*qmt
working (see “33 forged”™).
] bar lenath - Lculh of finished barrel plus
allowance for machining.

Heat - Metallic output of one charge of an open hearth
fumsce (see “melt”™).

Meit, - Metatlic output of one charge of wn electnc fur
nace (“heat” and “meit” are often uwd nter

changeably).

Mill jength - Length of bar produced by steel mill. Mill
length bars are usually fumished m multiple gun
barrel ber lengths plus allowance for jow of me-
terial in cutting.

Seam - Munwcldcdhporfo‘donmtwdmo‘mm
usually duning rolling or fovging. May
appear 10 be a crack.

Iwist - A distortion caused by the rotation of the ends
of & ber im Opposite direcons,

? (U) 6.4 Teut samples for aﬂbum of Charpy impact test
machines may be obtasined from U. S, Army Matenals Re-
search Agency, Watertown, Massachuseiis (2172, tbtough the
applicable Procurement District Office (see 4.9),

(U) 6.5 Heat-treatment: indicated in table 1V are (ov
guidance.
(U) 6.5.1 Minimum holding time for eah heat treating

operstion should be | hous 4t heat for cach inwh of thickness
st the maximum effective crom-scxtion.

® (U) 6.6 Foreame in cutting into barse) lengit, tut roliey
mill length burs should tx: onbkened 0 an sanmcaksd combition
10 » maximum Brimel hardnesa of 250,
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(U 6.7 The margins of this specilnstion sre marked with
an steruk (0 indnate where changes Laddit: sas, modifications,

‘ correy tiang, delehrons) from the previous tsue were made
This was Jone as & woavennce only snd the Government
‘ ssumes nO Bahizy whatwever (of any inmcura s in these

nutatione.  dniders and contracton sre csytioned Lo evaluate
the requirements of thus Juvument hesed on the entire con-
tnet urespective of the marginal notations snd relationship
90 Lhe previous mave.

Custodian: Prepanng activity.
Army - MR Armmy - MR
Revew stmity PFroject No. 9510-A024
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