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Abstract 
pwce-ile=truni= °  

A complete metallurecal comparison of 
the stool in Barrels Nos °  L21668 and Luale 
failed to reveal any significant .difference, 

MetîUlurgical control and supervision 
over the stool-making and fabrication of tho 
two barrels were found to be very good Q 

 Erosion vent plug tests carriod out by the 
National GooVaysical Laborator1es 9  Was.hington e 

 Do C o»  showed that i-,he resIstanoe to orosion by 
hot gases formed by exploeve charges was 
identical for the stoel from  both barrols 
Microscopic examination of the surface of the 
bore of both barrels indicated that Barrel. No o 

 L21668  w uas probably subjected to more intense 
heating than Barrel NO 0  L21812 A study of 
the firing record of the  two barrels indica-
tes tbet a real and significant difference 
ezisted in the conditions oe firing of theme 
two barrels 

It is therefore concluded that the 
only cause for the  ide difference in life 
of the two barrels is that the conditions o2 
firing of those two barrels were not the name °  

======= 
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Examination of Two Bofors 40-mm. Gun Barrels 
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Variation in Service Life. 

Origin of Material_milltuumt: 

Wide variation in life of Bofors 40-mm0  gun barrels 

used on the proving ranges has been noted, Consequently, 

Major General A, E, Macrae, Military Technical Adviser to 

Department of Munitions and Supply, Ottawa, Ontario, in a 

letter dated October 9th, 1942 0 (552/b4/9/6; L 0 0 0  2967, File 

No, 312-M O 2-52) requested that these Laboratories, working 

in co-operation with the National Research Council, conduct 

an investigation to determine the.cause of this difference. 

Two used Bofors barrels were supplied by Major 

General Macrae, One barrel, No, L21812, had fired 12,962 

equivalent full rounds, The other barrel, No. L21668, had 
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(OrigIn of Material and I- equest„ cent , d) 

given a useful life , of only (4564 equivalent full rounds. 

. During the li re of suc 	both 'proof' . 

rounds and "full" rounds may be fired', In calculating the 

number of "Equivalent Full Reunds e " a "proof round is - 

considered to be oquivslent to ..;v10 "full" rounAs. 

A compariSon of the life of these two barrels in 

equivalant full rounds is given in Figure 1.. Figure 2 Is a 

photographe  at. j  ctual size, showtng the erodod surface of 

the bore of both barrels at the commencement of rifling. 

EXPERIMKTAL PROCEDURE. 

Chemical Analvsis 

A vary thorough chemical.analysis was conducted 

on the steel of both of these barrels.. These reSults are 

reported  in Table  I. Table I also includas the chemical 

analYses obtained from the records of the Inspection Board 

of United Kingdom and Canada, • 

Table I. - Chemical AnvITss, 

	

Barrel N 0  L21658' 	1,3 a? e 1 No L2181 2  
I.B Us K &O 	L 	1,B,U K

jça  

 o (r.) Et Vi 

ee 

C arb on 
Manganese 
i ii con  

Phoaphorus 

Nickel 
Ohr 0111.1Uni . 

Mo  1 yrb d nuni 
Vanadium 
Oxygen* 
Hydregen0  
NJ. tr  egen 

0.29 , 	0029 	0.28 

	

0,56 	0,52 
0.21 	0.22 	0.27 
0.019 	. 0.020 	0.017 
0,017 	0.016 	1 00 021 
2.75 	2.75 	2,66 
0•76 	0.77 • 	0.78 
0.44 ' 	0,45 	0„44 
0,22 . 	0.23 	• 	•0.16 

0,0055 
0.00009 
0.008  

0.29 
0.55 

0.014 
0.020 
2.68 
0.75 
0 0 45 
0.19 
0.0093 . 
0.00005 
0.008 

). Those valites obtained by the vaeuum-fusion procass„ 
•at the laboratorieS of  the  Union Carbide Co ..cf 
America, Niagara Palls e  -New York, 
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Mechanical Properties: 

The machor,ical propertie of the steel ln the tmo 

barrels wore obtained in both the longltudInal and the 

 transverse direct:Ion. These  aï  o reported kn Table 11 9  along 

with the values obtained from  the  records of the inspection 

Board 0£ United Kingdom and Canada: 

verse goadinalt 	uverse 	tudinal 
b 	 0  

Maximum stress, p.s,i, 	n24 0 0e2:;110 9 100g122„0001123 9 200:12 4.,200122,25C 
Yield stress, p.s.i„ 	g110„208t 	. 	:107e 520u 	. -g 
0„1 per cent  'roof 	g 	° 

	

. 	. 	. 	u 	. 
stress, p 0 s„1, 	u 	u104,500u105„000: 	u109,500:108,,,000 

Elongation, per cent 	. . 	19 g 	25 u 23,5 u 18 	g 	24 1 25 0 5 
Reduction in area, 	. .. 

per cent 	 . . 	48.2t 	51 g 64„2 u 36,2  
Izod impact e foot pounds 	. 	66 u 	61 : 88 	g 48 	.: • 42 g 75 

	

,Brinell hardness number 	e 269 g 	. . 	u 262 	g 	. 
Diameter  of  tensile bar,  . 	. 	. 	g 

inches 	' 	g 0„534 g 0,282 g 0,505 g -  0 	
,

.564 t 0,282 g 0,505 
O 	 a A  

The reduction in area is reported on a length equal 

to four times the square root of the croas-seotional area of 

the tensile.bar. The impact values  were obtaÉned using the 

standard round 'god impact teat bar. 

Jominy hardenability tests were made on steel from 

both barrels, The standard 1-inch-diameter jemlny bars were 

used,  The  hardenabllity curves obtained are presented in'. 

figure e. Moto that they are practically identical, 

When two steels of Ube seme analysis  poses  ideen-

cal hardonabliity properties it may be assumed that the  degroo 

of hemogeneity'of t!..xe various constituents and elements in 

them Is  al  so identical, This was demonstrated by Robert M:„ 

Parke and Alvin J, Herzig, metallurgical engineers of the 
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(C4am};aax=:S_sor.a of Nardex}.nl311.1.ty Hcamafl,ca:cao.l, t;y-b r_.aht d)

01MF1:: h(JlydeY.:tLnY1. Company., in thoir

StHF;3:?dûk2abi,}:a.l;y or Steel, Dondritic SUg7:'(:sp'Cion a FactoS:'g

piA3.,l.,hec7 IS Mi;T"S AI^ .̀^ A:ÜL0Y59 Fekaruaryq 1942,,

^-as tWuaiJ poAi:is ib..̂ .^.^ that a dif.f.'c^^ieneso in the

type of c`arbido in two si: ^.̂ ao3..:^ 'w:i.jh exi: t KIM could ac;cauza^`̂ ;

for 'Gâ?.o difference in behas1l.o7;11?. At;G4:J7?d:t:xAgly, ai.3:si1iJlo:^ of the

oarbicln:f from eac:h , sf;ee:l, were px2epax1oâ by ra,le c'i;rolysia axarl

'Vhoix° ctano:titiany compared by means of .h-ray WWAq'u.3,can

and qualitative Etf}aGtrC3grfntp}2i.:;' analypiap W O},°f}y d?.:Îéf2'r1.e-

tican showed that M same typa of caza"raidee:> existed In bca^^^^

atoe;:l.s and the spoetsyc3rrar.aki.ic ans'a.lyE:slz fa.'s.lod to ,r.ooveal any

dIffr;}x'Qb`!ce in é3.ïlaQW ü It e`tli:? i3 .'YJh6}ryGAW tno13clidGdC.t

'lihrLt the ca:C'Î7idf;9 constituants of t17.F'J two R'Goo:a.Lt are }.dCdll.tlCiaL,

Ÿ é7n^ s alŸrr^v,j,^-_. ^i.^..2lr^+l^..Ao^.^ ' i,^C<.^
..r..x. ,. ,..,...,...^._^.^i^^:â.^. ^l.^.<.^_..,...s.,.._.:.^_.,.._^n,^^:-., ^. _.^. .,. s.:^

X--;Z°ay baf,.°•âC reflection citt.dlG'o on the f.'•ry.ttc:ll

structure of the s"tir•é5.3. in the two ba:t' r(:_M• llParC9. Céoa2d1;.c: GC73d by

We National AssaY°C,,h Council at Ottawa, They have issuod 0'.

report, No, PX-1150 dcctod Apriti. 6th,, 1944^ showing that $aher;a

are :?.ndiC, °̂arJCi:1.4;1YÈs of aË?1_Tl.o prof i;i'x'od orientation in Barrol No,,

L21660 and that W distribution of at>°ain in this barrel is

m4.►Rae Irrl.;:gu,.4..a,G' Man In. Barrel No, ,).92181Pip These Wo.LrOator3.aa

ac.ju:lGs not sat;.Y.a.i actcaril3 dupl:?,c,atv the findings of JA^at:rio;r.ta:l.

ti+p<1+`„lmona M('.?}7) the eroded portion W(3aC.ih bERrrC2l,

were prop^..rsN,d for matal:.l.o6.s,aQW ywamizzallmd The surS°ac;ats

=m.lzaod were at plat angles to the for^gIng direction,

1ï` ig"o 4 Is `J shotv`i.xgt'âq at a
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(MetallograPhic Examination, contud) 

magnification of 100 diameters, the structure of the steel in 

Barrel No, L21668 as revealed by an etch in 4 per cent picral, 

Figure 5 is a similar photomicrograph of the steel in Barrel 

No. L21812 0  Note the slightly fibrous appearance in Figur .* 4, 

Figures 6 and 7 ara similar photomicrographs taken at a 

magnification of 1000 diameters, Note he marked similarity 

.in structure„ suggestive of identical haat treatments, The 

similarity of heat treatment was also indicated by the 

similarity of carbides, 

A cross-section of the eroded surface of Barrel 

No, L21668 is shown„ at a magnification of 100 diameters, 

In Figure  8 and that of ,Barrel . No, L21812 in Figure 9 0 

 Similar cross-sections, etched in 4 per cent picral o  are 

Shown at a magnification o .2 250 diameters, of Barrel no, 

L21668 in Figure 10 and of Barrel No, L21812 in Figure 11. 

Note the larger amount of the white constituent  on the  surface 

of Barrel No, L21668, 

P9MA211_.°1',§Aq,9:1'.:MeinG- PeeRt 

Through the  courte sy end  co-operation of the Atlas 

Steels Limited, Welland, Ontario, we were able to mako a 

comparison of the steel-making practice followed  in the heats 

of steel from which these two barrels were fabricated. 

.*Isentially the same practice was followed for both heats of 

steel, it is not considered pertinent to thls Investigation 

to go Into the details of  taie  practice, The only points of 

difference found here were that for Barrel No, L21668 the 

charge was higher in carbon than the charge for Barrel No. 

L21812 and the steel was made in a smaller furnace. A program 

was initiated to attempt to find some correlation between 

stoel-making practice and barrel performance but later 
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(Comparison of Steel-making :Practice, : con',0d) 

developments have shown .t.; hat; .such an investigation very likely „ . 

would be of nogligible'value,,.. 

For«sing and Heat TreatMent rractiCo 

' 	Little acpcurate înfOrmatiOn was avalIbble on thia 

subject, The onlY'points  of  difference were  in the er5.2gine 

ingot'Size'and'the bliJ  t  Size ° .  This  Information is'givén  in 

- Table III, ' 

Tpblo III - InFot and Billet :SÏ7P.1-§ 

riarrel ,SIZe  and type 
number 	of Ingot -• • • 

12 in,' Z 12 bl o 	77:ià in, z 7-'h In, 

J»  In 0  dlam'e 	10 Inc, X 10 ln, 
corrugated 

Size 'of billet 

• 

Tomip6raturtD and -temtexiàturo ràngej fer - forging, 

annealing, nOrmalieng„ quenchAng, and draWIng have been 

established one: these ara the temperatures that iz;pPear on  

the Inspection Board of United Kingdum ànd-Canada record _ 

sheets, ,From the-mechanical properties and mtallographIc 

exagnation it 1..S evident_'dhat, ethin reasonablc 14mltp,-the 

same. conditions  of forging and heat treating•szlated.durng,, . 	. 	. 

the fabrication ,of both barrolà, 

. 	 . . 	., 	. . 	. Erosion, Vent; Plug Teàts 	 . 
, 

• ' Semples  of S.teel from the twO barrelS were submitted 

H by Dr, 'a. „ W„ Gregg, of the National Defense ResoarCh Committee 

of the  Office of Scientific Research,  and D/eloPment:, Washington, 

D O C. 'ThesesampleS w  jy 	cd I 	y the.manner described 

firl , N„D„H„C,, Am e r and  Qrc1ns.ncs  Ropert.No„ Aï4.8 "MWGais Tested 
• - 

as Erosion Vent Plàgs," by 0, H, Loafflor 9  G, Pher and H, S„ 

jorabeko The apparatus used for thîà'test 1.£1; shown  in  
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(Erosion Vent  Plu;  Tests, contd) 

Figure. 12 °  

Dr  ° Grolg reportsa the results of these tests in. 

a letter dated March 25th, 1943. This letter is quoted i  

In part, belo,ïm 

"The oresion vent tests on these two steels gave results 
which are the same -ethin experimental error and agree 
with the erosion results on a sample of steel from a' 
Naval 5-1nch 38-calibre gun, which: steel is about 
SAE 4140 °  

metal Solt .  in mm â 

R 0 Und S Ps  5-Inch . 1.1 4 rrel 
-cal.f,:No. .41,21668t No UMSIP 

nwam-arree=*” :.1.3.-:'=:.3cezz...•;:mume =wee 

a 

	

5 	e 55°5 	, 4 	 56,1  .. 

	

. 10 	e 86°0 	. . 	84,8 86 ° 5 * e 
„ 

	

15 	2107 ° 8 	g 104,5 	101°1 
O 	 e t 

2,:ez:Crzne=zuze-U•cee.re_zere..zezenz,...4.tvzve4ezcireerxra- -;er,;=e,-, .,-, ...,„=ezmemzezzezzze.ezmo 

"The plugs after firing  were  sectioned axially and 
• examined under the microscope by  Dr ° H. S °  Jerabek, 

who has the following comments to maire 

IVIicroscopic examination of the two plugs 
• after firing failed to'revoal any differonee 

between them and they are very similar to °Wrap 
gun steel plugs such as the 5", 38-calibre 
mentioned above °  The heat-affected zone along ne 

• vent in both of the Bofors plugs is irregular 
in width 60-100 mAcrons) whereas plugs from 
other gun steels show a sharply defined zono 
(10-90  microns) ° 	irreg.ularity is dxlep 
at least in part, to the presence of some 
residual denditic structure in both Eofora 
barrels which has not been eliminated by the 
forging.operation," 

Stue_e.  

A study was made of the firing records of both - 

barrels °  Two types of rounds were fired, These were "proof" 

rounds and "full" rounds  The life of the barrel is recoodOd 

In "equivalent full rounds °  In àstermlning the number  of 

 "equivalent full rounds' fired, a proof round is teken as 

equal to two full rounds °  . 

Two types of propellant charges were used °  Wheae 



o  
e) 

- Paq. 

. 	(Study of F"11ng Roord., 	e't,y('J) - 

uee designated as 'A 0 G,T,' and '6„M 0 T,'„ 	i 8 reportd tlaf9t. 

thE, W,M„T 0  rounAs' give  a Youch hotter ,F2,xplosi.on than the N,C 0 T, 

• reunda 

In proof.  firiné It is rep9rted that the majonty . o52 

r0 C‹,T„ rounds are fired at apprez.lmatcly 0 rounds per mtnuto 

r.,,,xcept perhaps  one burrJt of 8 rounds at 105 round;J per minut 

. fired on an average çs)f once per day„ 

The W o M,T„ rounds are fired at  about one  pee minute, 

Since the proportion of W 0 M 0 T„ rounds firEld might 

hav9 sOme effect on Ulm,  barrel 	tbde was firt determine:do 

Tab4 IV givas thesci data, 

T 'ID lo IV - 	 T r-COund 
4  

Age  of  brar r e 3.. , 	 N „ 1;,2 -2 6 6a 'B r 	 812 

in  sciva1ent 	Frf 	3.LL 	Proof 	Full  
 u 	I' OU,Y).d. 	 .tnd 	f.' 	rouds 	rounds 

n 

• 

12  926  

Prom thebie  data  it ia evident that the number of 

Ifil41 0 T0 r ounds fi red could hav  ):ad  little bearinc on the 

-prformanco of the i-,!;un barrels being oundine0 0  

• Au am.lys  i s we.a net iade of the m. ,opertion  of  

proof -..7'ound and fun  rounds fird from each barrel °  The 

reeults  are  given in Table V. 

(Uontl,nuod on  net paga) 
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T01E-) V, - D:Ltributio  of Full and Fr °of Rounds 
-In Firinc of Barrels 

- 	; 	 g 	g 	t?ercenzage 
lkœre ...!. ,I,  Lire, 1.11, 	r,  DI  me t or » - 	'‘', 	e 	. 

	

9 	get vroof . 	„, 
numb oz,  i; e qu.5.1.rea. ont !',' 1 :Inch. fr ('lu .,› f.) ..e oof ,1; Furl 	1.1' ot a 1.. ie eound3 t o 

fku.0.1,•.,, 	t  c orawon ei (..e.lon I; e r oundg rouncifizi '.y..,  ound a !s:. 1.7,  ot.-al round b 

	

3 r ou.nd s 	u of rifling u 	t 	9 gfiro ...,. ,,..,,em,-_w-s-?,,,,rz•-z,,,zt-,..=z,rt.:,-eze,,,,,,g,-,,c,a-.m.ea..,  

	

" 	' 	g 	 % 	. 	. — 	" - . 'ei. 	— 	. ': 

L21668 t 	(..Y 	, 9 	1575 	t 	. u 3 	1' 
. t) 13 6 	n 

e. 	1,665 	g19 146 t .  272 I: l eAlEh 	81 u  
■1 	 n 	 11 	 .Z.+ 	 . 
■-■ 	 , 	 4 	 0 	 e 

L21 	
.

812 g 	0 	. 9 	1,576 	tS, 	' 
e 4, .) 	 c e 

4 O 1 9 7 	4 	
a 62 	a 	 380 u19 002 t 19 382t 	27.0 4 n 

., 	 a 2 9 572 	1 	 ù ,592 	550 g1,472 g 29022g 	ele? e ■te  ‘,..) 4 	 4 	 4 	 07.";  

u 129962 	en 
n 	 1,6445 	0:2 9°6 g7p110 glOp056g 9.,9,. 	 Qc.) ,,..,) ,.., o ,„. 

e 	
n 
.4 	

0 
4 

l3.7.■ :,' ,.fie.e."Zdf.4=4".i4.-7.,=4.544:44.441-V,C4C:rt.,,Ceeln.t.:171tzenur,..,e,4.4--,Ivemep-.4:42=1:mez`Dreeen444,47....4,4-47.4.-e.Mtnc4.4z,se4...4.44-4.4Te44.1,4e7ewee.44eat,re'er.u4C-44x4,4,-4,4:-.̂ 4.1-r,-4  

There is evidence bore that there exists a 

significant difference in the firing of these'two barrels, 

Discussion of Resultst 

Evidence has been presented to show that the steels 

In both Barrel No, L21668 and Barrel No, L21812 are enedlar 

in chemical analysia 9  mechanical properties, hardonability9 ,  

degree of homogeneity, constitution of carbides o  and  condition 

of heat treatment, Metallurgically, the  two steels are as 

nearly Identical ael could be expectod, This indicates that 

the conditions of'steol-making and of manufaCture of these 

barrels are under excellent metallurgical supervision and 

control, 

In view of the identical metallurgical nature of 

the steels in those two barrels, their groat difference In 

life would lead one to suspect that there was soue difference 

in life, This suspicion is strengthened by Dr, Jr.  W, Graigls 

report on the«erosion vent plu tests performed by him at the 

National Geephysical Laboratories, Washington, D,0 0 . 

Dr„ Greg comments on these vent plug testa as 
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. fo'eows 

'Dr ,„ ïderwin 	„ 	i;hought tb.(-)re 1.19,d boon considore.W1e 
molt4-1g 9f the surfs op of t.,be bor D tnj (j= aIly 
exp. that 110d 17,,hp ..920».,J 1c; Or "Ire, 1?,.z.aminations oS: the 
piece's that yoU-sent us on Marbh 2' haiio Ëivon additional 
evidence for-thls conclusion,- , Thl% , 1n.coniv2urnor, 
wIth:the,apparant ,  Idontity . of'the stee4..wou1 d:sc1ew,to 
4 v1d1ri 1t..»e n oa  lirfe-nnce iniJI fi -11(w-oe the  t4: gi 	n  

Flutres 9 and 10 would tend.to conf5xm the views:nf 
, 	• 

Doctors Grelg and MerwIn concerning tho greater degree of' 

.melting-on :,tho bere:of-Barrel : No 0  L21668 0  11.'w data presented 

in Table 1T:showthat .thnro actuslly was a very-real difference 

in the ConditionS-Of firing ofrthe tWO guns e  'namely, in thé 

proDortion,of.full rounds and - .proof rounds,fired„ 

CONOLUTOUSz, 

Tho àtoalS in both barrels aro as nearly 

identiOal metallursiCallY as it'is possib1a to &;'Ç.pe-Dot o'" . 

. 

 

Thé et-')hditIons of heat treatment and forging 
. 	. 	. 

are - llkoWiseldentical. for both barrole; 

Tho behaviour of steel from both barrolà In 

01'3 03:i., on vent Pluç t ef3t • 1 s itioal  

Thero are indications the.tt tho borE. 02 Barr Ea 

No„ L2166.8 waa'.aUbject to Mere intense heat, than  the  bore of • 

.Bareel No 0  121812 ‹, 

'6,, There. Is a very real difference in the conditions .- 

- of firing' of the tWo:barrals, 

Qur final conclusion e  tbéréfere e  Is that the only 

cause of the wide difference in life of the two barrels is-

that the, condltiens of firing of those barrols were not the, 

samo0 
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CHART OF LIFE HISTORY OF TWO 
BOPORS MRRELS BEING EXAMINED .,  

Fiszurc 2, 
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OF  ERGD.e SURFeCE OV BORE IN BARREL, NO3 ,  L21666 

An,  L21812 Àvr C OMMENCEMZU Oi? .11 VLIUG., 
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BARREL NC. 121E12. 

X1000, pi.cral tch, 

71ure 9 

BARREL 1W. L21366, 
Note fibrous appearance. 

(7urr ,- 

'71,r7ure 5 

BARRE• PO. L21612, 

FhotomicrograP, -/.100p picrei etch. 

ern 

Plzure 8. 

BARREL NO, L21668 
CROSS-SECTION OP  ERODF.D  SURFA, 

TAKEN ABOUT 2  JNCHES PROM 
COMMENCEMENT OF  RIFLING 

Photomicrographs» 

DARRZL  NO,  L21812 0  
CROSS-SECTION  OF  ERODED SUF*U:Ur., 

TAKEN  ABOUT 2 INCHES FROM 
COMVENCEMENT OF RIFLING. 

X100, unetched. 
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FirTurc 10, 

Photomicrograph, X250, picral  etch, 

CROSS-SECTION OF ERODED SURFACE 
ABOUT 2 INCHES FROM COMMENCEMENT  OF  RIFLING. 

BARREL NO, L21668, 

Note white constituant on surface. 
••••■• 

Ele£9.  11, 

Photomicrograph,  X250, picral etch. 

CROSS-SECTION OF ERODED SURFACE 
ABOUT 2 7NCHE FROM COMMENCEMENT OF RIFLING °  

BM.REL No, 1,2184,2. 

.Note white constituent on surface. 

==eemmez-mat== 
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Figure 12. 
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