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Source  of Yaterlal and Oblfle of Invest12:ation: 

On January 20th, 1943, two 12-inch lencths of 

steel bar, one be1n 3  Inches and the other  i .  inchas in 

• iameter, were received from Lr, H H.  Scotland, of the 

Inspection Board of United Kingdom and Canada, 7C Lyon Street, 

Ottawa, accompanied by the following letter: 



(Sg(3,) E, SeotlaniA 

- 	-. 

(Source'of Uateial and Object of Invigation, coht'M 

We 
rply quot 

Prie N .; Contract  2 595 
, • de!:' 3140 

. Index 67, 

.JISPSC;TION BOUD 
or 

UNITD KINGDOM' AND CANADA 

70 Ly•,.')n St .eclet 9  
Ottawa, Ontari 
Januar:.d . 18 9  194„ 

Attention 	Dr r, 

d 

Dear  SLr tion 0„T,„ 3371), 

Enciood 	a copy of a let,ter from Inpeetor 
Na -vaï Ordnancc r ,. -IfarrJng to 2 samples izr 2tool e  
th( sr::,  -1/4" 	 Dong,;, the-,  othe.,.• 	1 -1/e 
long, se...11c,t1 iàV6 nov,rnet to yeu for t-uresIA,D9.,ti.œ.),„ Tbo 
material -.75.t to T-:•»buir,i.,-.0.ty Specifleation'E/21 Clas C, 

• • 
•Ai: arrngomfunt W 	made batwcn'U',M c,S, and B r.,A,T„'g, 

whereby basI.c opcn herth stoel would bo acceptabi Undr 
ccetain provisle„ Unfortunately Wae ste,,pci !,fePs.or and so= 
aluminium in 10:1E,  lard ..2..d in 'iaa.k.in ',;to 	ool, Tha specification 
prohibits It end 	conidorz this ndeiltion hz;,+.o> cauïd tho 
stell to be el'allov; hardcning, The 5-1/4' mampr.-..:,  is frm 
haat 	1578 	which. 190. pounds alunin:Ivn was 1:12,à4 in 
175 *',;•ons of atael, Ttio analymj!,..n uivt 	 Mn 
Sj',, 0 225 D  P 

. 	• 
I hav. s no .-,formafy,:,:n as to whtbsr tâto -1/4 

die„ 	Ï8 from. th swie heat or r'Act,„. in additicn 	t„1.1e3 
asked for 	shciuld 	J.An e,)pinion frolu .  your dispart- , 

ment as to the me3-.5,1- ‘J. - haï-deass to,ut mI,F1,ht be e,,,.L)ipectd 	&,-,e 
oil -hurdned steel, of the abo•ve analysi  o md ejSo 'In which . no 
aluminium whatevor had  bond 

Cours -f:afthruliy, 

Insp17, 4,5cr of natOrals, 
for Inuptor-Go•ner, 

T.ipt, or Mines &Ilesoures, 
552 Booth 5tront o  

Ottemar, 

Chemical 

• Alhou0:). the 

each )e,:e •wse.s ana:;,,ysed„  

stel maker'a analysi 	provid(àd, 

The fpliowing, analye4cs wEero .obtF.:Lîuidl 

(Continuod on next pai:,;0) 



( C.! h. end c a 1. Analys I. 1.3 y  C (YD. t; 3 d) - 

- 
C 	Mn 	c, P 	SI 	Al 

-r) el , 	0 n "t; 
re-;==zee;--ergA 	rtemumncuml.u:m=uns5 

*
1: t2 5-,1 diem, " 	- 	0,52 	0.85 	0,029 	0 0 0L4  0 0 27 0.0156 

Hardness Testsg 

A section of each bar was normalized at  1600°  P., 

then reheated to 1550° F. and quenched in oil. 

Similar heat treatmont was given to two more 

specimens (one  :(roui  each size of bar) but these wore . 

quenched In water. 

Hardness was determined on a cross-section of 

each specimen. The results were plotted and are shown in 

Figures 7 e  8, 9, and 10, 

A Jominy hardenability test was conducted on each 

size of bar. Results aro shown in Figures 11 and 12 u  

Microscoec,Examinatlen 

A specimen from each "as -received" bar was given 

a metallographic polish and etched in. 2 per cent solution • 

of nitric acid in alcohol. Figures 1 and 2 are photomicro-

graphs of these specimens, at X100 wagnification. 

Further microscopic examination of each edge of 

the bars showed that the outer' surface was slightly decar-

burized. 

A specimen. from each bar was g iven a McQuald-Ehn 

heat treatment to determine the grain size, that  is  carbur-

izing at 1700" F. for 8  houri  and cooling in the furnace. 

The specimens wore polished and etched in 2 per cent solution . 

of nitric acid in alcohol. Tho grains are clearly outlined 

and comparison with the standard A.S.T,M. grain size chart 

indicates that both bars have a grain size of No,. 5. See 

Figures 3 and 4, ph'otomicrographs at X100 magnification. 

(Continued . on noxt  pages 

1;1'm  edam,: bar 0,51 	0.1 	0,052 	0,01 0,26 0,000 



harduess„ 

- Pago . 	. 

(Microscopic Exmuinati pn, cont'id) - 

A sample of oach bar was hk,:atod to 1550')  F.D 

. quenchod in wate„ and tempred for lb minutes at.425° F, 

to de termine the grain size at this tompureturo„ . A 

specimen from eaGh sample was polishod'and otChod in 

solution Of 5 per •cent hydrochloric acid and I per cent 

picrlc acid in alcohol„ The No„ 5 grain sise at this , 

temperature »  as shown 

and 6 9  indicates that 

17600 F. 

by the photomicrographs In Figures 5 

these stwijla  do  not coarsen ..up to. 

The  coarsening. tomperatures of those  stol 

were ne determinod, 

Discussion of Results 

Both st cis  are on the dividing lino between 

a coarse- and  a fine-grained steel, having a grain size 

of No,, 5, 

2, l„O7 pounds-of aluminium per ton of stol 

were add6d to tho heat from .WhIch tlw,5*"-dIRMeter bar was 

rolled,. The lr-diamoter bar did,not,appear to be. signifi-

cantly different. 	 • 

• ' In basic open hoarth practice, one pound.of 

alumindum po r ton of steel '.5.s considered the minlmum aMoumt 

necessary to produce a fine-grained steel ()  

3, Figures 7 9 . . 8„ 	and.10 indicgto that. those 

two hoats of steel are 

oïl or in water, Tho 

decarburilzation, which 

hardness, -  

shallow-hardening what'llor quonched in 

:iurface of each her showed some 

would tond to decrease the surface 

4 0 . The Jominy hardenaMlity curves of 'Figures 

and 12  show' the cooling rates which will glvn way desired 
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CONCI,USIONSs 

1. 

 

The 	two sts(Us ars shallow-hardeninp.  steels — 

end, in these'sizes, will havo an unhardlYned co;.10* 

2 u  Bo•h bars showed core harnesses of Rockwell ?Cî 

22-25 after quenching In tber oil or wat(cr, Although 

physical tests were not conducted On either oP the bars, a 

hardness of Rockwell ÇC 9  20 •25 Indicates that a tensile 

strength of about 110,000 pounds por square inch nay be 

expected .  on a specimen machined from the centre of the bar. 

This should satisfy  th a requirements of the specification 

if the bar is properly heat treated* 

•3. -  Water quenching will give a greater depth of 

hardness than . oll ce.,lenching. This is shown in Figures 

Sp 9, and 10. In.thoso two bars, water quenching will 

leave an unbardoned core although the 'ce  hardness Is . 

somewbmt higher than the oil-quenche0, ?ections 	it is not . 

likely.that water quenchl% will cause cracking of e round 

section such as this. 

O 

 4. 'Calculations wore made In order to determine the 

critical diameters of bars, for various grain aizes, *hich 

would harden right through - for .  various quenches. The 

results of thls calculation  are  shown in Table I (on Page 6) 

and are based on the analysis of the 5-e diameter bar which 

Is as followss 

.Mn 	3 	P 	SI 	A71, , 
, 	P e r 	e n  

0.52 0.85 0.029 0.014 0.27 0.0156 

(Continued on next page) 
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(Conclusions, coni;td) 

5. The specification permits the addition of vanadium, 

0.25 per cent (max.); molybdenum, 0.10 per cent (max.); and 

chromium, 0.25 per cent (max.): If these elements were 

added to this steel it would. Increase the depth of hardness 

to a considerable extent. 

=CIMilne 

Table I. 

Ir•l'. -1–.• -• 	.  '•1  . 	of 1.,r•r •::.  1,:n .:12 1 	Hr.: r•- I.en 

.•,' 	 t. :',1•.' 	• ■ cir ...,t 	Jurl•   I's  ,.–..ln Si7o;.-;  

I 
 Gra 	
.1 
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Figure 1. 

X100, nital tch. 
3r-DIAMTER BAR AS RECLIVED. 

Figure  3. 

(Page 7; 

Ficfmre 2. 

X100, nital etch. 
11”-D1AMETER BAR AS  REC , D. 

11. 

Figura 4. 

X100, nital etch. 
Grain aize of 3_3 -diameter bar 

77 Mle-P  

X100, nita1 etch. 
Grain size  of 1-e-cliameterb , , 
—  —Ft 17-10-7r-P. 

gbemusee.... uor.1.10 

X100, Ha-picric acid etch. 
Grain siza of  1r-diameter bar 

at 1.5.50 F. 
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SAE HARDENABILITY CHARTS 
END-QUENCH TEST 
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29 WEST 39 ST, NEW  YORK CITY 

Form I 
Test NO.— 
Sheet No.. 

so 

80  

4o 

135 

s 

z...--z...—.==—mr.:-..eurazzgrzzlzum,:zale: 

..-- — 	 .------........• .-- 
== ■■••■ 	:—..--m• 	eqt.e.- te.:_ ■■ ....9". ■111"' 	LIC411.2 

....= 	

ow =====:121:11 	C • 	.• 
MISMC CZ 	I 

 	lanneczEfiumagg 	:ELI 	:eV, 
...--...--......M... • ---- 	MM 1.4ra.e 

le EPHEEE REEE=9;.  1 --.zic...1 
K--..— 	E --"E: Peal .:---1--=----:--zd---. 	 :

'23311 em.."■ ....■ •■■,.=....m•mom..•.ra....am .. = MM ., 	rail: 
Clom•••=;.1=■■■••i 	l'«ore 	•m.:: 	••••'''--zee-lrial 

—Lier.:=-=:=-L.Eileams:::: 
	itime-t-mr.-Nzi-ruggin 

=--..- 	 r- ,--..=-4-MMIlail Minkiliellib ffl-------4.-=-=-M-1-t ungemeim 
M-E7.-M-M:31 -aralingillifila 
•.*q"."-- w-9MW:1111011111Mill , 
,..2 .3,.....z. 	 wria 11111111 h 	Maui 

3 	5 6 	8  9 10 12 14 16 18 20 24  32 

DISTANCE FROM WATER  COOLED  END  OF STANDARD BAR Sixteenths  01 19.  

lype of Steel 	 r.ale   	 Source 	/0.1/ 
Notes 	 d /do., 	 

SIgrsed 

STEEL ANALYSES  AND  QUENCHES 

Steel 	C 	Mn 	P 	S 	Si 	Ni 	Cr 	Mo 	Oner, ,, ■ ne 	Grain 	Heat 
Tyrnperatwe Size 	Numb«  

3: 	 •  IL - tvp.  ••••  •  at 	- 	- 	 - 	1  tree_e_  	  
, 

._._ Ne• 

== 
HL L: LB. 


