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Lramivation of Faliled Bnis X&130 Alrcralit Tubling,

source of Materisgl , of mxaminetlons

N

n April lat, 1843, Sqdry., JLdr, &, J, Smith, o
bahald of'ﬁiw.ammmador@ Ao, Ly Jobngon, for Cklef of Adw
stall, Depertment of ¥atlonal Defence for Alr, Ctiswa,
nteric, submitted for exawminatlon two gawmplas of geamlsess
gtesl tub@so It way atatod that sueh btubes, made freom
cheonium=molybdenumn steel of X4130 componition, had besn
falling in sevvice,

3,

Ale Commoedors Johnsoc's reguest letiter fox this

=

words {dated Maveh 3igt, Fille No, 902=-38-L{AMAE DAY }) asksd

for teats sovering physical snd abhemical propeviies,
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Chowleal Annlyalng

gmple driliings btaken fvom the twd tubes ware
anelyaed, The followlng vesultys were obtalned;

=P OUND o

R

dpeciliad o ‘ {Tar cant]
SAE R4150 ﬁamvymwalkwd AT neWailed

Araed A . Tubine Tubing
Carbon o .25 = 0,35 0,28 0,88
Meanganese = 0,40 « Q0,80 0,55 0009
Sllicon e w N.24 0,83
Phoagphorng - 0,04 mex, G,010 0,008
Salphus = 0,08 wex, 0,053 0,089
Cheoaium o Q0,80 « 1,10 0,62 Q.82
Molybdema « Q0,18 « 0,25 0,20 .20
Wlokel o N 0,49 0,8
Vapadiun = o Wone detected, 0,085
Goppey = ) G, 07 0.08

Phygleal Properties:

Hepvy-Wallad Thin«Walled

_ :izs ' 'Lnfr » Tubing
Ultlmete streas, p.s.i, - 118, BOO 9 BQU
Yield straze, D.s,d, © 100, 560 B0, 800
Elongation, per cent in € Jneches 24,0 RQnO

Size of tubes, in inches

o
7

Asoems g

1,805 % 0,008 1.503 x 0,066

Microgcopic Exeamination:

fectlionsg of thse tubes wore msunhau in pakelibte, glven
a metallographle pnliﬁmg and then exenmined under the mlerogcops
in the unstohed condition, Both steels were found Lo be Tairly
claan, The steslis wers then etched ia a iion of 2 pear cent
nitric acld in alcohml»amd r@ms£amin@do Piguras L end 2 are
photomicrographs, at X100 nagnification, snowing ?@sp@@tively‘
the atructuve of the h&&vynwall and thin-wall tubing, Next o
the bakelite éﬁh@ derle area at the Ltop of the pleture In Mlgurs
1} i & broad whidte band of fervite, the iren ¢ constituent, I%
will be noted, in Figuee 2, that this band is lacking in the

thin=walled tube,

Fligares 5 and 4 are phetomlcrographs of ths etched



= Fage & -
(Microscopic Bxaminebion, contid) -

gboals at X100 magnification, Flpgura 3 shows thet tho
gtructure of the heavy-walled tubing consiste of
pearlite {(the lron-iron carbide; dark stohing areas) and
Ferrite (the white etohing ivon sonstliuvent)., Pigure 4

ghows the sbtmicture of the gheal

2
e

n the thinewaliled tublng
o conglat of sphsroldized carbldes {tha round globuler

constltuent) snd Fferyite {(Lhs white wmateriel),

tacusslon of Resulba:

PRyt it ar, e

The

A4S
rt

teel in the two tubes had the compesition of

H4130 aveel exeept for the nilckel content, The high residusl

nlckel moat probabdly orlginsted fvom the steel scrap in

o«

melking the sisal; as none of the nickel s lost in the melting
operation, The presence of nickel iz not considerad

2

Injurlovs but 1t does conder greater hardenebllity and ivs
presence might lead to crscking in wslding.,
nNtR

SAR R4130 gteel tubes fn the normdlized condibicn

should have the Lollowing mininom physical propsrties:

Uitinate stress, Lodgdhs = 95,000
¥leld stress, w.s.i, = TH, 000
Elongetion, per cont in

' & inchdg v 10 wo 1B

Wnen this steel la welded, the hest of the welding
operation will reducs whe tensile proveriles in the zone
adiasont to the weld by approximabtely 30 per cent. Thisg

"

howswar, can often he corrected by normalising with a torch,
The above physicals, however, van bs gresbly
o Q 8
lapreved by » guencheand=draw heat treatment, bub ths sdvene
3 B &
tages of thls operastion would, of soursse, be Sastroved in
Lo} R Pl Fo
those arens which evre subssquently welded, The physiceal
'

propertles ol the tubes sxsunined sppenr Lo be zatlufactovy
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{(Digeusslon of Results, cont'!d) =

for nomalized SAR ¥4150 sheel twbsa,

The ferrite at the ouber surface of the heavye
wallad tubing indicetes o bad state of decarburization.
The ratio Qf»f@rrite t0o pearliite and the finely lawellar
naturs of the pesrlite sheow thet thils tube had bsen given
a normalizing hest treatment, i.8., 1t was hested asbove the
upprer eritical rangse and cooled in air, Bo dscarburization
wes obssrved in the thinewslled tublog., The spherwidlized

structure shown in Flgurse 4 lndicates that 14 wag held fov

&

considerable time alb & teaporabures silzhtly under the

lower eritlcal ravges, Steel in thils condition hes lowse
tenalls properbtiss than in the norneliged condlblion, Thig,
“then, explains the lower uliimate strengtly of thias tube,

The surfaces descarburizstion obsarved in the hesvye
walled tubling would not afYect maberially the stsbic jeridwl
reviies of the steel, However, 1t doss affect the fatigue
gvrength, which, under c@ndi;immﬂ of altercating bending
stress, is vary lergely dependant on the strsngth of the
sxtreme outer fibves, In a decerburiued mewber this oater
matorliel is woak end consequently fatigue-cracks ah low

loadg, Thiz crack acts ag & sitress conconbrator which Leadg

te the subssquent fallure of the remsinder of the crosg-section,

jelefelnls Telnleletutot ely:
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