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A complebe m@tallmvgi 2l n@mmariﬁon of

the ateel Iin Barrela Nes, L21868 and 12181
failed ve revesl any slgnlficant -diff@w@naaa

Metallurglcal control and supervision
aver the steol-making and fabelcation of the
twe berrels were found te be very good,
Erosion vent plug tests carried out by the
Nationel Geophys 2ical Laborabor leg, WduJLﬂthPy
DeCop showad that the reslsbance to erosieon by
het gosea Tormed by explogive cherges was
ldentical for the stesl from both bawrels,
Microscopice axemination of the gurface of the
bore of both varrels indleated that Berrel Weo,
LRALG6H was probably subjected to more latense
heating than Berrel No, IR181EZ, A gtudy of
th@ flring vecord of thess two baprrsls indica-
a8 thet a real and sigunlficent dilflerence

“iwr@ﬁ in bho conditions of firing of these

two barpels,

It is thorefore concinded that the
only cause for the wide difference In life
of the two barrels is that the conditions of
Tiring of these two barrels were nobt the same,
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(Opigd : Mau@rLb wnd chuastp contid) -

given & uselful 1ﬁ€»v)f only 2, b& sguivalent i all EOunts
Duving thoe 131 ‘e of qagh.barralﬁ both "prooft | .

rounds and “Full" rounds may be fived, In eainnm& wing the

numbw? of "hguivalent ﬁulilﬂﬁundagw a "proof™ round 18
c@nﬂidar@d Lo bé aquivalent t@.twn RE AR roumdao
A comparison of the 1Life of these two barvels in
aquivalant full rounds is gi&@n in Flgure 1, Figuﬁalz i a
a

photogenph, et 4 sebual size, showlng the eroded surface of

i

the bhore of both berrels ab the c@mm@ntmmﬁat ol eifling,

| EXPERIMANTAL FROGEDURE,

Chemicel Analysis:
& very tbﬁoczph eh@miaal-anﬂly&ig wag conducited
on the sbeel of both of uh@&m b‘waaigo Thege resulis ave ' .

reporied in Tabls I, Teble I al&a ineludes vhe chewical

analyses obteined from the records of the [n*@mos;aa Baa

off United Ringdom and Canade,

Table T, = Chemical

Beyrel Ho, L21668 .  Bavkel No, 121812
LoBoUole&le Q0N Lo I.B U n &0 00 1T,

T2 - N 1 oy e
w Paor AR AR
S i .

Carbon * D.8¢ (.29 - 0,28 G. 29
Menganese - 0, 586 G, DG 0,52 e BH .
milican - 0,21 0,28 Oaéw 0,15
Phoaphorug - 0,018 , OQOW. G, 01% QoOlﬂ

_Sulphm? L= G017 0,018 0,080 1,020 :

Mickel @ 875 2,75 2,66 2,68
Cb°&mlum.. = - 0,76 Q. 0,78 0,75
Holybdenum - = 0,44 - D, d& 0,44 0,435
Yeonadium = 0,22 . 0,83 0,18 QQ"J
Oxymen® - _ 0,005 ' 0, 0083

Hydrogen® = - 0,00009 0,00005
Nitrogen® - 0,008 ' : , 00008

@

These velueg wbtalned by the vacwm-Tuglon procas
at the Iaboratoried of the Union Carbide Co, ﬂf
Amexmc&a Nlﬂﬁa'& Falla g Hew York, :

\



Mechandiesd Propertioss:
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barrels were obbained in both the longlibud:

transverse divection,
with the values

Board of

cal propert

obtained from the raecords of

'y

ias

Thege are reported 4n Table II, elong

the lnspa«uﬂvn

Tl ted Kingdom and Ganadas S

Table 1T, = Mechaunical brwnura?@ma
S THarvel do. LRlees 1 T Neo japayE—
DYBUREC Y0, Do M, Lo < (BURRETY 0, j o Iy; s
T Celirangs sLongle 3 sHrprae s hongl e
e o e 5 A AT ,$§§§1na§&wm LEVOrSs mi}uﬁ*nal
A A S T R A S ANy RN i R N g i 7 '?‘).wuu SRR N s SRS &5
Magimon stroesg, P.8.i, 3124,002 sLLB&JQQn!BE 0003 123,200:184,800 lﬁgg?ﬂf
Yield stress, p.s.d. 2100, 208: H °101u6862 H
0,1 per cent proof : 3 3 ; 2 8
stirrass, pcaul; & $ 104, BOO2 105, 000¢ 109, 600108, G0C
Blongation, per cent 3 KA YR 253 & 23,5 2 18 3 24 ¢ 25,8
Reduction in erea, 3 2 4 2 2 ¢
per cent 3 VASIR O6L 1 84,8 ¢ B8.8 Bl @ 65,5
Izod impact, foot pounds 3 &6 3 8L ¢ 28 ¢ 48 2 42 3 Th
Brinell herdnass nunmben s EES 8 ¢ QB2 B s
Diasmeter of vensile bax, 3 ¢ $ 3 :
inches T 0,064 ¢ 0,88 3 0,505 & 0,584 & G288 0,500
S I S R AT R E R T O T D AR A S T ..a RRAEEAT 7 g e "“’:E“B" RS ; NERUES A B bk ¥ § LR AR O J“n’.".“(-hg FIUIAS T e WO
The reductlon In aree 19 reported on a lengbh egual

to four times the square oot of the oros

ohs tensilﬁ.baro

atandard round Izod lmpact

Comparlaon of Uavdenability

both barrels, The

aad, The hardenab

Flgura &, Note thab

&

Whan two

(>N

&l hardanabllity

K- - al
teals of

The lmpact valu

andard l=inon-dliamete
11ity curves

thoy are practioalldy ident

propertles 1t may be

accabional ares of
g wore obtained aﬁlng the
taest bse,
and Homogeneltys
ity tests were made on sheeld Irom

r Jominy barsy were

obitalned are presented in °

Fe

GIE

@ sane analysia

possasga ldenbi-~

aasumed that tha degrse

of homﬁg@n@ity'mf the various constituents and elements in
them 1s &lao id@ntica}o This was demounstrated

Parke

and Alviwm J, Rerslg, mauall,

by Raobert M,

B
.« LEA2 -1 L'ﬁ?ﬁ

enginecrs of
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{(Comperison of Hardenability and Homogeneliy, wonitid) =

i

Glimaz Molybdenum Gompanyo i Sh@:ﬁ ”3u50lhg‘000351®d
"Hard@mabﬂ)xm of Stoel, Domdr. ie Pngzoton a Facvonp,®

‘publiahad in VIETALS AND AblO{g» Fabrumryg 334n”

Gompardson of Typos of Gerbides:

It was.thought posgible that a difference 1n the
Lype of'a&rbié@ initwa St@éls'mighﬁ exlet whieh could account
‘for the difference in behaviour, Accordingly, samples of the
earbid@s ffom each & teel were pfep&ﬁﬂd by electrolyeis and
thein abmpqsiJio 3 compared by neans of er@y diffra@tiqn
and qualitative dpacufowwnob%n analyai#ab The Xéray'diffracﬂ
tion showad that the same type of cerbides exiasted in Bo@h
sveels aad the spectrographic snalysls feiled tg reveal any
éignifioant alfference in anﬂ&“'i te LT was Lhorcfaﬂn'gqnclud@&

thaty tho carblde canstitu@nts of" the twy gteela ape ideniical,

A-Ray Back Re ia(;fr_;:},cnmﬁ'in;&_clfhgﬁ 3
X-ray back reflechion s LdJQJ on the erysta al

abrueture of tha steel in the btwo barrels wova bQDﬂLbG@d by
the Nai Jnﬂﬁl Resesrch Council at Obbawa, Phﬁj h&v& 18$uad 8.
ropers, No, PEA=1158, dated Afll Buh, lgéﬁg showlng bhaf ﬁh@r@
are indicablons of soma pwaﬂTﬁOd O i niation in Barvel No,
LR1668 pnd that Lbc distribution of abtrain in this barpel,
'mar@'iw?wgulmg thawn in Bayvrel No, Lﬁlalﬁq Thess Leboratories

-

conld not sabtlafectorily duplicete the Tindings of the Wational

Research GDUhLlJ

ﬂgﬁ@llogﬁ&nhio Erpwinatlons

Sp@cim@ms from th@ sroded peortion of each barrel
Wera pwapaw@d For m@ﬁallogpaphia Qxam?ﬁ@ﬁi@w Tho suwf&cai
srsnined were aﬁ righﬁ mngles tm ﬁh@ owg?ng dirvection,

Migure 4 g o phobomlcrograph showing, at a

.




(Metallographlic Braminetlon, conb'd) =
1

megnification of 100 dlamebers, the atructure of the steel In

Barrel No, 121588 as revealed by an eteh in 4 per cont ploral,

s
o
.3
=3
&2
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Figure B is a simllar photomicrograph of the steel in |
No, 121812, Wobte the slightly fibrous appearance in Plguve 4,
Pigures 6 and ¥ are similar photomlerographs baken at a
megniiication of 1000 diameters, Wobte the mavked similarity
4An structure, suggestive of ideuntlcal heab trestments, The
gimilarity of hseab trestment was nlso ludicated by the
sinilarity of carbides,

A wrosa-gection of the ercded surface of Barrel
No, L2668 ig shown, at e magnification of 100 dimmeters,
in Flgure 8 end that wf_Bérrsl'Noo LR1812 in Pigure 9,
Similer cross-gsctions, etched in 4 per coant pleral, ars
shown at a wmagniflcetion of &50 diemetars, of Barrel No,
121668 in Figuwa 10 and of Barrel No, L2181E in Figurs 1l

Note the lavger smount of the white comsitliuent on the gurface

of Barrsel No, LE1BES,

Comparison of Steel-making Practica:

Through the courtesy and co=operation of the Atlas
Steels Limited, Welland, Ontarlo, wo were sble to meke a
comparison of the steslemaking practlcs followed In the heats
of steel from which these two bawrels ware fabricated,
Assentlally the same practlce was Tollowed feé both hests of
steel, It is not consldered pertlnent Lo this inveatigatlon
e go &ht@yﬁh@ deteila of this prectice, The only polnts of
difference found heve were that for Bavrel No. LRLGSY ths
charge was higher in earbon than the charge Lor Bavvel No,
L2181E and the steel was nmade In a smaller furnsce, A progreem
was initlated o éttempt o £ind some covrelation between

shesl-making practice and barvel performence but laver
t‘ .
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the Office of Solenbific

Wars . tos

i

DG, Theze sampies

in N.D.R.C, brmor

as Groalon Vent Piongs," by O,

Jerabel, The spparatus used

and Ordnsncs

{Comporigon of Stecl-malking P:&ctiaag;QQQQ?d) =
dovo!opmontn hava nhnwni@h. sueh. an ﬁmvaa lg&dnon #ofv 1ih
;“Wogld be of neglig;bleivgimea‘_‘ iy
POwwjmg and ﬁaao TﬂeutmoqéuPy&ctieea ’
Little socurnte lnformotion was svelldble on this =
sub fact, '&heyomly;?éinﬁﬁ'ﬁf“diffovcnea wors in Lh@ or, ﬁéi‘
ingéﬁtéizé'aﬁd’ﬁhﬂ'biiléf'ﬂizao Thiglinfcrmation'isﬂgiéen (O
Table TIL,
Table IlL, - Ingob end Billeh Sisef.
Barpel Size end Lype S Reduetion in
nwabor LoP fngol Sizg of billel ares, per cent
121668 18 in, K8, 7h dn. x 7 dm, ' 60,9
121812 18% in, Alom, 20 du. x 10 inmg 55,8
gorrugabed .
Téﬁpéfmﬁﬁrﬁ anﬂiﬁémﬁ@ﬁmtufﬁ ?aucc. f&ﬁ7forging5
auhealing; ndfm&liiiﬂg;'qu@néhingg and'drawing'hQV@'&m@h
sabobl ‘gzed and, theasge erae vhe Lenpers t@ra" ﬁhat hpp@ﬂw oﬁj
the Inap@cﬁicn Bosrd of United Kingdow and Jnvwda rec ogd
Sh@oﬁﬂn From the wmechanioal prwpaﬁtiés umﬂ WOU&LJQ@Tﬂphl“
exqmjnatioM it is ov}dapt ithat, wﬁubzn ﬂuagunablw ‘mﬁusg-ﬁhg
'mam@,ggmdiﬁiongwgﬁsﬁargigg'anq heat tr@aﬁing-@xiﬂtaﬁ\duning
the febricatlon of both ba*rol
E?Gﬂi@ﬂ_V@nt Flng Teagt:
S ﬂﬁEU% of stool “vem uhQ w0 bareeld WGrélﬁubﬁiit@ﬁ
by Dp, &, W, Grolg, nf:thé Wk inn&ﬁ Equnﬂé-Heséareﬁ G0mmi%t8§

Research end Develepment, Washington,

6d in efnotly the mamner dascribed

Roport No, b=148, "métala'wast@d
H, Loefflor, G, Faalr and H, S,

for this Lest is 'sHown im.
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Dre, Grelg reported the rosulis of these tests lu
a letter dated Merceh 25%th, 1943, This lstter is guobed,
in pavt, balow:

e oroslon venb teats on these two steels gave results
wihhilch ave the same within experimental crror and agrse
with the ercsion regults on a sample of gbeol from a
Naval 8=inch 38=calibre gin, which steel iz sboub
SAE 4140,

O o5 -1 WY 1 W O
Rounds ¢ HB=inech : Rarrel : Barrel
? BBegal,ilo, LE16G8: No, L2181E
AR M ‘ -.—a'»uun(.-i A < LA N ALK LS e ﬁ’ L% et ST S feigt \~...V,\..£(<‘_w$.' by G oA raal
a » aQ
5 s B5.5 2 B6,1 g 5%.Q
210 s 84,0 2 84 .8 2 BG,H
15 A0 .8 s 045 e 1LOP 7
[ h 13
e o O
T s IAEB TS dy s pr ey S e I

"he plugs after firing wers sectloned axielly and
examined undor the microscope by Dr, H, 5, Jerabel,
who haeg the Tollowing comments to make:

PMilerosoaple exaninetion of the twe plugs
alver Diring falled to roveal eny dlliTevence
beotwemy then and bthey are vwery similar to othse

Cgun steel plugs such sz tha 8%, 38=cslibre

mantioned above, The heab-alfected zons along the
vent in both of the Bofora plugs 13 lvvegular
in widbh {60-100 mlerong) whereas plugs from
other gun stesls sbow o sharply delined zone ‘
{7000 micronnl, Thiz irregulerity is due, ‘
gt laast in part, o the presence of some
reaidusl dendritic gbtructure in both Rolors
barrals which hag not beesn eliminated by the
forging operation,”

()

Study of Plring Record:

A atedy was nade ol the flring records of boih
barrels, Wwo typse of rounds ware Cired, These ware "propf?
rounds and "Loll® pounds, The life of the barrel la recorded
in "equivalent full vounds®, In determining the nuwber of
"oguivalent full rounds® fred, a proof round is baken as
squal to two full rounds,

Two types of propellant charges were uged, These -



(Shudy of Piring Besoord, contid) -

sre designatod o8 5N060Tn and ”WaMuTq”a T4 Ay reported theb
hYid WQMOTO rou1d ,be s owuch hobber explosion than the W,0.T,
ruﬁn&ac ” |

in prcdf_firiﬂg 1t ds vepgrled bthat bhe ﬁﬂjéfity mf
NchTn roﬁnds are fired al &‘UﬁOLJW” aly 8 jounéé pey mimute
zxeept perhaps one burst of 8 ﬂogndﬁ ot 189 pounds per wia e
Pired on an BVOrage o9 onco per day.,

Phe WoM,T, rounds are fired ab aboub one. per minube.,

Sincee the proportion of W,HM,T. roundas fired might

hato some affact on uL“ wapeel LifLs, this wag P Lret determined,

Teble LY gives thaco deba,

Peble IV, = Mo, of W, WM, T, Rounds
Aw;m*ummhL
'il' h&li.‘{p\.. Gyt

fn}y_roemdc

rounads ﬂmw(' 9 ¢ rarmm,r;

R i iyt S LY T L et

e oa , . o
(:i a %D‘E‘J“ ) (() : ) .
2,57 ' ‘ 1 &

‘2 ‘}z”(_) ) . . o £
Prom thoese deha 14 is Svid&uu thot the number of
WM, T, v ounds fMred could hnave had Little bemving on the
pariormence af the gun barrels b@ing & xanmine ed,

Aa anslysis was noxt mads of Lhe )Tuv.vua D

L .,

proct ~mundg sad full rounds Clreed Dprom esch marrﬁio Toe

ceaulia sre glven in Table V,

(Continued o nexy pags )




{Study of Fleing Record, coub'd)

Y, - b

LGbLu’V . Distelbubion of Puil and Preof Rounds

ﬂ@wwwumwmmwmmm~ An Pivine of ﬁarvnino o . o
N Y ey Y : T e gentage
Bereel Lipc Cin @ Diswmeter, - 3 H 3 sgf preol

Coimber  eaud vulonbe L oinch from s Peoof sall  Wotal rrounds ©0
1 ¢ Sl ;’commﬁﬂocma&usruumﬁ&grnumﬁi°rau1dwktata3 pouncs
& T UL soof »ifliag ¢ ¥ 5 s fired
PRkl s it o ’*_,KLN_ CATRY A ‘4‘,‘:}!.34’.1‘«."?.}.’(‘:.'\‘? LETODS L‘R“n-_f._r g a-..-V TR g T IRV o "ﬁ*:’ ORI ANIIENS tj.‘ LS;.—‘“,.-“ TSN TR
a (-3 -] o o o
L2186 ¢ 0. 2 L5786 H H 3 §
s 8,884 2 1,685 21,146 2 2¥2 ¢ 1,418: 81
i 3 3 3 3 3 :
LRLais g O 3 Lo H76 3 2 3 )
2 1,768 2 s 380 11,008 3 1,38R: 8%, 4
¢ R,B7R 2 1.502 s BB 31,472 5 22,0882 HP P
s 12,962 g 1,68445 12,986 ;7,110 310,086 8909
2 8 g 3 2 2

T UMA E Fo% A ety 3, [ 2 FATASRLII 5 ofry

There is evidence ere that there exists &

9 X3

gignificant dirference in the Tliring of these btwo bavrels,

Macuggion of Besultas

Evldence has been presenbed o show that the =teels
in bwbh Barrel No, L216688 and Barrel ﬁea L2182 sre similer
in chemical analysis, mechanleal properties, h&rdénabilitygl
degree of homogenaiby, Pﬁmstiﬁﬁti@n of carbidez, and condiitlon
of heat tr@atmémta Metallurglceally, these two phoels are &g
nearly idemtical as could be expected, This indloabes that'
the condiviong of 'steol-maling end of manufacture of those
harrels are under axesgllent metallurglical supervision and
control, |

In view of the identical metallurgleal nature of
the asteels in theoze two barrels, thelr great difference in
Jife would leed one to suvapesct that there was some difference
in life, Thls susplolon 1s strengthened by Dy, J. W, Greigls
raport on the arczlon vent plug tests perlovmed by him at the
National Geophysical L&b@ratﬂrieég Washington, D.C,

Dr, Grelg compents on these vent plug tests as
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