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(Origin of Material and Object of Investigatlion, cont?d) -

In the accompanying lettors the following infor-

mation was given with vegerd to the history of the sleeves

1, Ber materisl in the "as rolled/drawn® condition was
supplied to the machinist. Chemical compositilon

was atated Ho be spproximabely:

Conper = 83 peor centb
Zine s 35 i
Lead o 2

2., After machianing, the part should have received a
stregs~relieving heate~treatment at 5560° F, There is
some doubt as to whether this particular part was S0
heab-treatad.

B The part was electrolybtically cadmiuvm plated. In
the later communication, this sdditional informetion
was glven:

(1) The cleaning bath is a proprietvary composition
containing canstic sode and tel-godium phosphate.

{(2) After the c¢leaning, parits are given an aclid
2 &
plckle in an agueovs solution containing two
parts of sulphuric acld and one part of nitric
acid.

{3) The plating bath is of patented composlition,
contalning csdmivm oxide and sodiuvm cyanlde.

4o Finally, it'was swaged onto the hose by bwo opposed
dies. There was no yobtabtion in the swaglng opevation,
Jo©oy 1t was a dlvect sgueezeé.

5. (racks in the sleeve, which are believed to be in the
nature of sesson cracks, developed after the hose was
delivered to Canada,

6., Hardness teats gave the following resulitss

On hexagon flat o Roakweli F o= 83,

On piece cut oubt of
slesve - Rockwsll F- 99 to F =101,

{Continued on nexbt page)
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{Origln of Material and Object of Inveatlgation, conb'd) -

It was requested that an Inveatigation be made
to establish cause of failure end to check -

(1) Chemical compesition,

(2) Hardness as given,

(3) Qualitative apscirogrephic analysis for
impurities: in paviiculer, mercury 1n a
asample taken from metel adjacent o the
cadmivm plating.,

(4) Micro-examinabion to establish whether or
not the sleeve had been heat-traated,

Chomical Analvais:

fer cenb

Goppar - 61,61
Zine ' - 34,79
Lead = & ° 26
Tin - 0,086
Phosphorug . wWil,
Iron - W
Mangengse - #

Wy ekel - Trace.,

Hardness s

The hardness wes checked by Vickers pyramld

hardness tester, wsing a 10=kilogram load, The results were:

Hexagon {lat = 116=117 V.P.N., corresponding approximately
to Rockwell F = 96,

Saction of

sleeve = 1@@»142 V. P.N,, corresponding approximately
: o Roelwell B - 100-101,

Spectrographlic Analysisg:

The semple was cbtained by £iling from hose
coupling snd conbtalned cedmiuvm coating and brass adjacent
to the plating. A general gualitative analysis was mads, with

special sbtitentlion pald to possible occurrence of mercwry.

{(Contlnued on next page)
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{Spectrographlic Analysis, coanttd) -

The vesults of the analysis were:

| Esasntial constituents - (adwmiuwm, copper, zinc,

Minor constituent ~ Lead,
‘ Tracs = Tin, ilron,
Weak Traces = Silver, sluminiuvm, mercury,

magnesiuw {?), nickel, silicon,

Micro-Exemination:

Figure 1. | ‘ Flgure 2.
X100, uwneteched, #3100, etched,
Hezmagonal Sgotion, Sleeve,

Plpure 3

LR
Ancaaliaaniciesnui s’

X100, etched,
Hexagon,

(Continued on next page)
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(Micro-Exeminatlon, cont'd)

Blegure 4. ' Plgure 8,
X800, etched, X500, eteched,
Hexagon, Sleeve,

Parts etched in 10 per cent agueocus golubtlon of
ammonium persulphate.,

Digepasion of Resulis:

The chemical compositlion of the material shows
that 1% conforms closely bHo that glven for a free-cutting
bress a8 apeeified by AS. T M., B 16-29; 8,AB, Vo, 78; and
Department of Wabtlonal Defence, (=2-13 (BEquipment and Develop-
ment S¢elf Rivision, R.C.AF.}, which is approved as an accept-
able elternative for D, N,D, Specification B-15, This analysls
i1s essenilally the same as that reported except that the lead
content is higher,

The bhardness of this materlial, as determined by the
Vickers pyramid herdness tester and interpolated to the Rock-

well ®PY scale, corresponds closely to that reporied,

{Continued on next page)
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(Discusslon of Results, conbti'd) -

The spectrographic analysls confirms the resulis
as obtained by chemicel anelysis and shows further that only
very minoy traces of ovher clements are present which wight
have deleterious resulig,

The micrographic examination of the material shows
in Psgure 1 the wiform @iapérsian of the lead, indicating
that the maberial as received was properly mede, Pigures 2
end 3 show that the bress ia flnamgrainaéo which indiocatos
that 1t was flnally beab-treated at a low temperature, The
elongated gralns of Figure 2 show that the metal ls in the
cold-worked condition, This cold WQrking way, of course,
have occurred in the flnal opervabtion, The presence of awell
particles of thﬂ/ﬂwphﬁa@ In Figures & end 3 confirm the resulis
of the ¢ howmleal anslysiz, Figures 4 and 5 at higher magniilcas
tlons confirm these statements,

The reagon for the fallurve of ths part was wdoubt-
odly due to the spontansouvs development of cracks, known as
geason=cracking, a common cause of falluve in the various
kinds of brasses, It is felrly definitely established that
guch cracking la due te some corrosive wmedle on a part in which
the stresses have nob been completely removed, Al&oné contirl-
buting fector is pogsslibly dus to severe external strains #et
np in assembling the hoee in ssrvice,

The wabterlal used in this part is one of the most
readily machineable of the yellow brasses, known as leaded
high brass, It 18 one of the sbtendard grades made by the
wills and 1s used especilally for drawn or formed parts on
which a clean thread must be cubt, Tnis property of Ifree-cubting

i obieined by the additlon of lead to the copper-zine alloy
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(Discugsion of Resulis, combid) -

and is gained at the expense of Lis drawlng capacliy,
Forthermore, this materisl is very susceptible o falluve,
particularly in drawn or ovherwise strained metal, alfter a
lapge of Hime, by rupturses o Ilssures known as ssason-
cracking, The susceptiblility of copper-sine alloys to
cracking increases with increcsing =zinc content,

The probabllity that such sesson-cracking way
occur can be lessened and largely overcome by & abress-
velleving heatetreatment at 5500 F, Such treatment dQoss
not wmaverially soften the metal or reduce its venslle
strength, but it is suffieiénﬁ to remove the 1lunternal
atresses which severe cold-working has produced., In brags
intended for severe celd-working, the lead should be kept
as low as possible because of its tendency vo promote
“tire-cracks® (Lo crack during rapild heating after cold-
working), The hest=treabtmsnt as developsd for any pariticular
pard should be consclentiocusly cerried Qﬁt 88 FOOn ag cone
venlently posaible, Season-cracking is known to have ocourred
where traces of the cutting lubricant have remained in contact
with the metal for some tiwme Before the heat-treatment,

The tendency of such mabterlial to develop season-
cracking or to ensure that tensile stressss have bsen pro-
perly relleved way be determlued by the mercurous nilirate
tost as glven by the A8,T.M, B 21-29;, Sectlon 7, or A,S8.7T.M,
B 281-40T7, Section 7, This test follows: A G-inch length of
the btest specimen, but in no case less than two tlmes ILts
dlameter, shall stand, without crecking, on lmmersion for
15 minubtes in an sgueous mecurows nitrate solution containing
100 g, of wercurous nlirete and 13 ml, of nitric acid (sp. gr.

1,42) per litre of solution,

(Continued on next page)
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(Discussion of Regults, cont¥d) -

This procedure enebles one to determine 1f the
tensile stressaes in the sample are of high magnitude., IF
such stresses are high, the article may crack, The merourous
nitrate test 18 designed to determine whether the inbternal
atresses have been properly broken wp and rendsred safe,

When stresses are not properly removed during manufacburing
opsrations, it may season-crack when exzposed to the atmoaphere
or certain types of corrosion, The conditiona of the teat
have to be determined by those in charge of the work who are
conversant with the service requirements, One factor of con-
siderable lmportance in oconnection with the test ls the eharac-
ber of the surface of the specimen, (ases are on record where
the simple polishing of the ﬁuff&c@ g&ve"results meny tlwes
better then similar speclmens with the surface in the original
condition, This test ls consideored to be a gualltative test
only, that ds, it will show whether the waterial has had the
proper stress-relleving treatwment, but cannoct be used for
predicting the life or the behaviour of material under service
condltions, It was not possible to determine whether or nob
vhis part had been so tested,

The materlal in this part was protected by being
electrolytically cadmluw plated, The possibilisty of the
fellure belng inltiated by caustlc embritilement caused by
the alkaline cleansing has been considered but is not believed
to have been the cause of the trouble, From a manufgeturiog
viewpolnt, there are other move efficient detergents which are
now belng uvsed in preference to caustic soda and tri-godium

phosphate, There is a possibllity of traces of acid remsining
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{Discussion of Results, conbid) -

after the plckling operatlion previous to electro-plating as

g source of failure, The composition of the pleting bath as
given is typical for depositvlon of cadmivm coatings. Any
area of & part not effectively covered by a protective costing
exposed to atmosphsric conditilons where unuaually high pro=
portions of awmonia, salbt, ozone or acld fuwes are found
couwld be a factor in causling fallure,

The final manufacturing operation, consisbting of
swaging onto the hose by a direct squeesze, is admlittedly a
Savere case éf cold-working. It way also cause brsaking of
the cedmiuvm plating. This condition is further aggravabed
by the rigldity of the hoase, which is a sewl-flexible metal
heas, covered firat by rubber, then by a flexlble woven wire
sheathing and finelly on the exterlor by rubber, Obviously,
it ls impossgible to glve the part any streass-relieving treat-
ments, Presuming that the original maveriel was propyerly
made, and that the various manufacturing operations and pro=
cosses were performsd exactly according to specifled ppgeadm
uwres, which appear to have been followed in this particuler
ase, undoubbtedly the final operation in ltself siresses the
part to make it liable bo season-cracking under certain types
of corrosion,

There is also a possibility of en additiomal contri-
buting cause for fallure due to exbernal strains set up in
sssoumbling the hose in service, which are nob affeet@da of
coursge, by prior heat-treatments, C(ases ave on record whers
fully amealed plye has siress-corrosion cracked in service
on accownt of elrounferential and tengentlel stresses set up
by faulty assembling. Workmen who have been scoustomed 4o

assembling couplings and pipe made from wrought iron or steel




- Page 10 -

(Discuesion of Results, coub'd) -

naturelly will use sxcessive pressure on brass unless

properly instructed,

Conclusions s

In view of the severe cold-working this hose
coupling has to withstend without the possibillity of a
£inal stress-relieving heat-treatment being given; con=
alderation should be given to using another type of brass
which will withsbtand such conditions, Brasses high in copper
and low in zine are much less llable Lo season=cracking or
corrosion under conditions of atmospheric expoesure than
thoge which conbtain a higher percentage of zinc, This
probable preventlon of season-cracking would have to be

obtalned at the expense of the machineabllity of the meterial

in the parti,
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