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prerbramhiv it batvcian i i)

Origin of Problem and Object of Tovestlgablon:

n Feberuary, 1942, Lbv,.-Cel, ¥; ¢, D, Tothill,
of the Inepection #eard of vthe Unlted Kingdom and Canada
Ottawa, Onterlo, reporbed verbelly that tracer amaund Gl on
and 8 few rounds of ball ammunibtion had been giving trouble
owing to the cracking of the copper-nickel bullet envelopes,

He also stated thet Anaconda American Bress Limlved, the




q

{Crigin of Problem = nd Object of Investlgation, QQH*QQ} -

suppliers of the copper-nickel alleoy,. have Teported that
probhably Nickel=$ilvar {copper-nickel=zinc clloy} had
been added by misteks to these coppere-nlckel alloy lots,
and it was clalmed that thia is probably the reasoun Ifor
the defective results given by this material,
Lt.-Col ., Tothill requested an eaamanamﬁcn of
that material in order so determine whether the physical

properties were serionsly impaired by zinc additions,
¥

o

n

Table T gives informebtion on the samples sub-
mitted,

Strips marked Nos.l, 2, 16 and 16 were submitted
as aaﬁplgﬁ of stock being wsed in the plant of Defence
Induastrises Limibted, at Browssburg, Quebec, The subwmitted
defective bullet envelopes showed numerous cracks on the

bearing surface, especially proncunced on the depressed

,.Ea

¥
‘ju

areas ceused by the rifli
Atrips mamberaed X5, X186, and X38 were nmade
especially by Anaconda American Brass Limited, Wew Toronto,

Ontario, ©to check  the influence of sinc contant on the

performance of the copper-nickel used Lor bullet envelopes,

{Tahle I follows on next pags)
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= Page
(Origin of Problem snd Object of Investigatlon, contid} -

Similar meterial was investlgated by the Anaconda
Awerican Brass Limited and the resulis were reporied to
Lt,=0ol., Tothill who forwarded them to these laboratorles by
letter on February 24th, 1942 and requested an oplnlon,
The conclusions reached in thelr investigsiilons are that

a

zince additions are not responsible for erratic behaviour

gnvelopss, However, tLhey

-t .L.

of the copper-nickel alloey bull
found lead content,; higher than usval, in the noaatiasfactory
samples and considered that this wmigh®t be the probable cause
of the trouble,
They stated thelr belief to be that fallure was

due to beat-cracking from high temperature caused by frictlon
af the bullet in the gun berrsl and in the alr plus that from
the ignition of the smoke compound, Thls behaviour, in tﬁe

opinion of the Ansconds Awmerican Brass Limibted, ls_ the ex-

pected result of hils h ia@ﬁ in the metal,

In & letbher datsd February £7th, 1942, informatlon
was glven o Lb,-Col, Tothill regarding ths chemical analysis
obtainad on the samples submitbed up to that date, In this

exswination no lead was debected, bubt in Lot No, 15, which

gave srratic resuliz, excessive amounts of sulphur, iron,

and carbon were found, which probably caussd the "hot-shortness’

of the meterial,

Jowsveyr, the probability of lsad bhelng present
al though not detected was congiderad a possibility. In order
to ascertaln whether any lead was actuelly preseni, especlally
large samples, teken from Strips Noz, 18 and 18, were again
analysed for this element., The revisgsd resulis are gilven in
Table I1, showing that in Strip No. 16 the lead conbent was

0,044 per cent but that in Strip Vo. 18 no lead was found,

s




= Page D =

Chemical Analysgis:

Table IT gives the resulits of the chemical
analysis on ell submitted samples. Dﬁe to the small
amownt of bullet jackst material availabieg complete
chemical analyses could not be mada.

A1l chemical analyses were checked by gualita=
tive spectrorrephle examination, with the exception of

carbon and sulphur.

Mechanical Propertieg:

Tengile Testa =

Table TTT shows the restlts obtelned on

standard-gized test pleces

=

ith the exception of Szmples
Nog. 1 and 2, the lengths of which did not permit the
determination of the prool stress.

ALL test pleces were cut in the longltudinal
direction and the tests were caryied ocut alt room tempsra-
ture.,

Hardness -

Hardness was deternined by the Vickers method,

using a 10-kilogram load. The results are given in

Table 11T

{Tables 1T and TIT
appear on following

v %

DERSH. )
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TARPLE IZX.

Bullet Jackets

Semple HNo,3 1 z 16 X8 X1 X38 A B
Gopper - 84,63 g4 77 84,2 Re& 88 84 %4 84 ,0C 84 .81
Nickel = 15,28 14,98 15, 15,08 14,78 14,60 14,98
Manganes = 3,16 0,14 0,28 Gg.15 0,17 G,18 Q.17
Zine = None none Hone Hone G158 L.2% Hone Nona None
rean® - Hone sone 0,04 None 0,020 0,010 0,0005 ,
Tron = 0,06 0,19 C.4 G,04 C 0% G.,08 0,007 'OQQS 0.05
Sul phur = None 0,003 0,028 G005 Q05 0,004 None
L ron - Q,005 0,010 219:: G, 008 0,009 C.CLE 0,009
Phosp.owmis - - - Tre Trace Trece 0,003 Tracse
Tin - Kone oneg None Hone Tone ¥Nons lone
Silicon - None Hone ¥one Hone Nene Hone None
¢ Tead content in Strips Nos, 1 and 2 was determined only on small samples | lg), dus to small
emount of materiazl available for this purpose,
{¥OTE: "Hene” signifies none detected.)
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Mlero~Graminatlon:

.

Micro-examination of the submiited ssmplesa showed

no marked differences in the atructurs,

Discuasion of Resullts:

The chemical enalysis of Strip No, 15, the only
sample recoived of . lot which gave erratic bullet snvelopes,
shows a conslderable amount of Impuritvles, aﬁqh as sulphur,
lead, iron and carbon, wmuch hlghber then in all the obther
samples, ‘

Uetermination of sulpbur end carbon content in
the submilbted defective bullet Jackets was Jmpossible due
to small amount of metel. These elemenbts are also impossible
to detect by spectrographle analysis, The iron content was
rather low,

No zine wes found in any of the sawnpleées submitteod
by the Brownsburg Plant of the Delence Industries Limited
{Samples Nos, 1, 2, 15, 18), The lead content waa found
low, except in Strlp No, 15,

The chemical analysis of Samples Noa, X8, X106 and
X538, taken from strips made espsclally to check the influence
of zine content on the performance of the bullet envelopes,
conform roughly to the anslysis glven by Avaconda American
Brass Limited,

The pasults of the chemical enalysis, given in
Table 1I, do not conform with thoge reported by the Anaconda
Waterbury Leboratory provided that the samples submitted were
taken fron identical strips.

From the gtendpoint of mechanlcal propertlies at
room temperature and microstructiors the maberlels of the

submitted strips are very simllar,
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Refevences from the Literatwvre:

The following absiracts from the literature concernlng
the problem of heatecracking of copper-nickel alloys may be of

Interest:

o E. O, Jonss snd I, Whitehead

Siivers in Lhe Gourss of Annealing,m
AoToM.E. 73, 1926, 034-849,

= The (racking of Wickel-
I .
Trans ,

£0

other cauvses of increassd tendsncy Lo crack are

(1) Twpure metal, especlelly where there is much lmpurity
in the form of inclusicna of oxides, slag, graphlite, leed,
tinwba&ring conatltuents, etec, Qulte apart from chemical

composition in the ordinary seuse, Lyt metal dus to

sting conditions is very likely o crack....."

tacuasion of this Papeps-

W, B, Price, Waterbury, Conn, %,,.. & propsr correlatlon

of the rolling and ammealing schedule will rectify the

trouble without specisl low=temperature ammealling to relieve

0

the internsal strains, There are sones of compression and

non~-compression in nickel-silver, depending on the amount
of reduction, snd the rate at which this mebtal expaunds or
contracts on heating or conling is governsd by these zones,
Plre-cracking in the manufacture of shest materlial tubes
and manufactured articles is the result of insufficlent
reduction of fthe metal ¥

2. Q. R, Draper - "Nickel Silveor., The Effects of Some Minor

Gonstituents." Webtal Industry, London, 88, No, 22,
May 30, 1941, 462-4066,

,,..4..

L 04

fad

&

"ead,..,. As would be exvsc

errin eyt

sed, lesd-bhearing alloys are
not suiteble for plastic deformetion, ths presence of

-

globules of lead causing severe erbrltitlement. S0 greatb
ig the effect of lead that material Lor severe cold workiug
Is seldom allowed to contbtaln more than 0,05 per cent FPh,

A

It was observed thet, in alloya intended for working,
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(Raferences frow the Literature, cont'd} -

eryatal growth ls somewhat retarded by the presence of lead

which increased the tendency to filve snd water cracking.”

sulphur even in the amallest guantitise 1s an objection-
able impurity producing greet brittlenass. Wiekel esulphlde
forms a eubectic with nickel, av 21.5 per cent sulphur,

which melts abt 644°¢ ¢, and therefore remalns llguld for

soms bime & ftor the mass of Nickel=Silver has solidifiad,

L

Tt eppears that the solubility of this compoeund in nickel
g J

Q

is extremely small and, when present, 1t takes the £ orm

4

of Films pardielly or completely survoundlng the grains
of metal . Reing a most brititle compound, 1is presence 1
extremsly deleterious.”

"garbon, = In the ecase of wrought alloeys the main trouble
gseems Lo be thet of brittleness dve to graphitization,

Aa early as 1919, Thampﬁon® aointed cub that graphibte
might separate out on annealing nickel-sllivers contalning
carbon, and a photomlcerograph showsd theb the free carbon
precipltated vound the crystals, the resulilng wmaterieal
being extremely brittle, This inveatigator had already

shown that the same phenomenon accompanied the sunealing

of cupro-nickel abt Lemperatures above TO0® (¢, as a resuld

of the decompositlion of nlckel-carbide, Ni,C, and 1% 18
L=
probable that the ssme mechenlsm occurs in the case of

nickel=ailver. The process of graphitization in all
these alloys‘oemmemoed at the surface and then passed
inwards, This wes explained by The fact that the form-
ation of graphite involves a distinet increase of volums,

and 1t was only 50 be expected that precipitation of

@ = :
F, G, Thompson, J. Inst, Met,, 1919, 28, 387,
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(References from the Litereitnve, conbt'd) -

carbon should cceur firvat at the surfeace whsre this
increass could most easily tsake place,

tyishizma’ Found thet in the nickel-copper alloys
containing carbon the carbon and nickel=carbon solution
form & eubectic at 2,20 per woent carboen snd 1LILE° G,
By cold rolling nlokel-copper alloys wibth 10, 20 and 30
per cent nickel and contalning from ¢.0L to 0,086 per
cent carbon and ennealing at various bempavaturos be-
tween 3000 G, amd 970° (¢,, it was established that
brittleasss occura ab 700° ¢,, due Lo precipltation of
graphite at the graia poundaries, Below 6L0° (¢, this
brittlensas does not ogcur,”

iron, - From many souvce

Sarooneeoexar

it 18 agraesd that ivon hardens

C.‘»‘

T,L

the alloy considerably and promebes cracking during cold

rolling if present in quantity sabove 0,06 per cent.”

=

S, B, K, Boso = ”Th& effect of Janganese on the Taunealing

cens Dnses mresa B rari wiiraan-oz,
&

er tlaneas?® of GupfOﬂNLGK@iwc' - J. Inat,
Meatals, 60, 1937, 133-141,

"The phenouencn of ‘'annealing brittleness? in

cortain nickel-copper alloys has long been cobhasrved,

tempts have Deen made

e

and at rom blme Lo tlme o explein

-

1t and to discover the beal remedy,” IU is now ¢

ceapted

5

that the cauvsge of this peculior behaviour lles in the

fact that nickel absorbs a considerable amount of sarbon,
which undef cariain conditions aeparates sut in such
mannerr as te couse brittleness, P, ¢, Thompscen and W, R,
Barciﬂv“” showed that this brittlencess was due o preciple
tation of free cearbow at the grain bounds wles, forming an

intercrystalline network, which took place on annealing

within a certein rangs of tewperatures, A totsl carbon

ATy WS e e A AN AT ) L : 2 [RARR

Ko Mishlma, World Engineering Congress, Tokyo, 1929, Paper

No, 716G,

& 1 2 e oy 4 3 u
@ P, ¢, Thompson and W, R, Berclay, J. Scc. Ghem, Ind.,
1919, 38, 1307,
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{(Referencss from the Literature, contfd) -

content of legs than 0,04 per cent was found to be rarsely
harmiul,

This brittleness appears in the cupro-niclkel alloys
only when they are amnesled at a tempevature above 7007 C,,

o

and reaches a maximum about 800° (,, provided, of courss,

%
that there is present in the alloy a ceritalin mlnlwmum per-
contage of total carbon,t
4, C, Blazmey ~ Corrvespondence on Uthe paper by B, K. Bose {above )
« Monthly Journsl, Inst, Metals, &, pari 8,
Aungust 1957, 4%30

The embrittlement of cold-rolled sbtrip coincided

KN

C{)

with graphite precipitation, bsing a functlon of total

carbon content, time and temperature of ammealling, and

,.J"

another factor atiributed Lo impurities ovher than caxrbon,
Failurve at 2ll amnesling temperstures occurred at a gra-
phite content of 0,005 per cent, further preclpltation

leading to no improvement Lo ductllity.

s s

Gonclusions:

1. The cracking of copper-nickel bullet envelopes
in service was caused by "hot-shoritness”,

2. As stated in many veferences Iln the literature,
some of which ave given -in this veport, this "hot-shortness®

o

18 caused by higher smcwats of impurlties, especlally by

2

sulphur, lead, carbon and iron, This statement is conflirmed
K 2 2

o

by the results of the chemical analysis of Strip No. 15H, the

only one which was reported to have glven erratic resulis.

(Continusd on next page)




{Conclusions, contid) -
O, Probably the excsessive smount of sulphur,

2.

posslbly aggravated by higher contents of lead, ircon and

carbon, ls the contribvuting fachtor of the defects,

peisleivislalnlelalnlnlele
QOUVACG
Q

JWM 3 GHB .



