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.griminatîon. of17;o1lor  Tube 

()Men of Suriiplet 

On March :5rd e  1943, a number of oamp1e,5 	boiler 

t-abeo e  oîne of lilf.nlch had crackd whon 	onda wert botng 

du.Mng irutallatfton e  wire F,mbrAîttod. by A/Lt, Cdr., 

j, R, etilard n  Senior Tc)ohn'.i.clémi e  Tec"anioal 	 Dapaet- 

mtmt of National Diî)fance Ottmia, 0:atarlo„ 

Thop0 tuboi'3 weea in two oiztio„, ov.tside diœneterii; 1,012 emd 

1,,139 inobes, 

Acoompanyng th obr we.ro fc-lur oi5.her 2$ngth2 te 

tublng In a flRttoued unuod tub i;Elbout 

1  Inches long e  outedo dlam.etç,-;rs of 1,003. end 1.128 inchcilt)» 
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(Physical Examination„ contgd) 

cracked When . the oternal diameter was 0 ° 725 inch °  

Both tubes euccessfully wIthstood belimouthing 

wi th a lathe centre having a 60° point o  After standing for 

about 	waeks, neither shows . any  cracks °  

Rings framl)c. :d:,..bd tubes were qunnohed ln 

water  frein.  1320')  

173.c..1,7ers Harclxless Numl'_>ext 
iJo 0  I 	 No °  2 

Both of these ringsthen failed a flabtffling test, 

Hardness tests taken on one of the tubes recelvd 

in a belimouthed condition gave) a reading of 177 Vieers on 

the belimouthed part and a road:lug of 129 VIckèrs one Inch 

away from It 

One-quarter-inch strips from ono of the flattened 

tubes passed a toc;per tes .c, as quenched and after 69 hours ln 

air, During this time thf h.,Ardness incread from 122 Vickers, 

as quanchedp to 195 Vickers °  

Material with a Vic ..rs hardness of about  120, such 

as Tube No °  2 e  would be normally e2tpected to have a tensile 

strength cf  about  50,x= pounds per square inch T1. ero.ma3 

not sufficient material to verify this. 

Microstructure c 

Tube -kit:4  1 has ibs ourbide . constituentreeont 

predominantly as pearlite, ai le the carbide in the  No, 2 

semple is spheroidal° Thie  is §hown, at 1,000 CUameters„ 

in Figures 1 and 20 

(0ontinued 	nart pagc) 
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(Microstructure, conttd) 
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X1000, picral etch. 

SMALL TUBE (NO. 1), 

X1000, picral etch, 

LARGE TUBE (NO, 2), 

Discussion  of Results: 

Chemical analysis results show that the steel in 

these tubes is not of the strongly deoxidized type, Such 

a low carbon, low silicon steel is very prone to a .geing. 

The undesirable scoring on the surface of the 

larger of the unused , tubes  was probably  caused by defects 

in the die. 

Tube  No. 1, as  received,  is  much harder than 

No. 2. Since  the  dispersion of its visible carbide consti-

tuent, as  compared to that or  No, 2; cannot  by  any means 

explain its higher  hardness, and since  there  is  no evidence 

of serious cold  work, it may be concluded  that this tube 

hardened by ageing.  This would explain  its  failure  to pass 

the flattening  test. 

The brittleness  of Tube No. 1 Indicates that  it was 

not cooled elowly enough in the final heat treatment  to 
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o.ffoctivoly elimitate que -liwh agens., • Another method °. aside) 

fromslow coeaing that wDuld place tt.',:M.s tubez) Ul a eactile 

condition ould be a an•(witi(al quonCh.ànd-draw 

water quachIng fraï.0 1M!(r 	• rawing for  3'  j.:101,1a. est;  

400,)„ .Tf'facilltio ara available thle lattor treatmcet 

would reduoe producton time„ Alth ,cugh neither .  or thol!) 

heat treatmon would relhove 	su5eeptIbillty of th .,,s tu.be 

to straïn agoig ej.hew voould 	 &.  :i  s•-train 

tâat had baen ineurrod 	fabelcatien prIor. 	to  :(et  treatment. 

O  • 	The h(,:zat breat=nt roej.vod by T.1»e N.',)„, 2 appeneo 

to be satisfactor„ The spher ,A,Uo.1 condInon of Its cerb1.0» 

indlotos that It wa'elthor i1d fÔr'a long,t5me at hie 

.z.mboritfeal 	rat r. or Ease ovoled very. elowly . thmugh 

tha 

That  te  two .)::.4jr!.:i.,9,,od tubea weee 8ubject t.c.) quunch 

agelng and o  by Infeene:le e  to strnn ej.goint-was ,2:1 -lown by. the 

Increaso 1:.treAnca nfter 	ri2(,)° F, quench, 

Hardness reaMnga ts,;if.en on the tubeacelled 

bealmIkte»d cc?re.U1o . h.ow thtt tho àterÀine:sd 	 the,' 

tube J. 	- t 	 r t e°. f.te›b
1

0,— e  
 •  

reanono if tu,rc.okinz, 	b.e 	oldedr tubeEi, rad  from steel 

suaceptible  1Ç 	ho'old be protected from sevet0 Impact 

• ..ï.îtï.›.esse after bolledai.;hing o  bc-Icause the-calnEd p ,axttitml, 

of the tub e.  is ' tien  id a relatively b .rlttle ecnditIeel. 

The steel hcewev4r °  .'ïlexy well not bip brItItao when 0.t.aErÈvloo 

teuiperature. 	1 a snd to .te around 400e e'er 500P F.), 

Numero,mi.investigatorive demonstatoethat 

there are tliia.typos-of quorlohaglng.und *Itain 

 agoingp and 1.7,..ht, in: geneal e . & teol Sl.).e.00ptIble  te  ono le 
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(Concinsions e  contge) 

heat-treated to a ductile 1-..Jrc-(cluarch)aged. condltion, ae' 

was Tube Ne„ 2 e  should be satisfactory °  A very slow cool 

or a quench-and-draw tre:Ammt e  as disemsed here9  is 

recommended, if 

 

the se  severe installation strains followed 

by Impacts cannot be avolded e  a non-ageing type of steel 

(1000;: 0110 strongly dooxidUed with aluminiume  etc,) should 

be specified. 

If tubes of  the  agein type can be Installed 

without cracking, the high tompe;raturos of service eiould 

remove the effects of strain asaing incurred in Installation 

or in cold working after IntallatIon e  by a Process of 

Pro-(otraln)-agelng simnar to '.; .hat reuommendul above by 

Davenport rmd Bain, In offoct e  nis moans that there 

would appear to be little likelihood of otrain ageing 

trouble beingcountered In tubes each have reached the 

operation  stage  wItnout cracking, 
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