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In owder to determine the mini-
am hardness variablion attaineble in the
gquenching treatment for steal to be used
in the screw-thread research progeam, o

hardness anglysis has been carrizd out on

2

'

o nuuber off guanched bars of Atlas gteal
S.P.S,. 24h, This stesl is comparable, os
regards havdenabllity, to gteeld S5,A.BE,
6LB0, the type which s to be used 1o the
’3chWmthre&d f@ﬂaarcho

Two guenching wethods have beon
compared: in the first, bars of l-inch
dlam, x 26 Inches lenghh were quenchad In
&.vaptic&l position without a shield; in
the second, barsg of Ldenticel slze ware
guenched with a thin cylindrical shield
in order bo obtaln uniform cooling elfect
In transferring specimeng from the fur-

nace to quenching tenk,

smusnan






{Oedgin and Furpose

o~
o

b 2 2]

the condltlons of  savisfactory laboratory heat breabment.

3f

4

Due to the fact thet a supply of the high-itensile

material {abesl S.AM, 61580) which is to be used fap

Ganadia

=

vatuds was noh readildly available at the tine thasa
crperinents were Inlitlaved, 1t was decided Lo procesd with
thig work, uwsing an alternaie materlal, A atesl favourably
comparable with ghesl 3.A.8E. 6150 ag vegards hardenability,

Atlas ateel 5.P.8, 245, was selected Ffor this purpeoss. Baw

stoelk off this Atlas steel wags »oceived in the annealod condl-

tion,

s Preparation

) :
The l-inch-dlomener har stock wae cut iunto 26-inch

v

lengths, so as to allow adeguate materlal Ffor the fixing of

bars An Gthe quenchivg Tixture and for the cubfing of 24-iach
test spoclmens Irom the heat-tresated bar, Po Lfacilitabe the
fastondng of bers in the guenching i bd?@w two F=inche
dimmeter holes wepye drilled epproximetely &/8einch Treom
slvher ond of each bar, Prlor to heat treatment, the bors
wora cloansd by means of sand blasting, alsoe checked for
allgoment. A bobal of thirby-twe bars were prepared in this
manner end noanbered,

A

Treating Experiments.

Treatmentg -

Using theds bars, Swo quenching methoeds wera come
the fivat, btwenby-two of the bars’wwf@ hold
gocurely dn a verticel posltlon by means of o fixture during
the hesit teeatling opoeration (Filgure 1); in the sscond,
fourteen of the bars were held in o similar menner during

the heat breating operatlon, in addiflon ©o walch speclmens










{Hoat Treniting

g dxpevimonts, contld) -

B
Plenpa o,
T e s e et T

Position of Bars (uenched
Without Shield

Position of Bars Quenched

With Shield
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Weabt Preabing Bapecimeonts, contid
£ P

a

Tn hoth sxperimenig, the barvs were austenitlized
ab 15B0Y B, for 1 hours in & Vapocarb furnace, then
guonched in oil ab approximately L20° 17,

ey determine the minimun hardness varlation obbalne

B

& -

as well as to cheeck the relative wmiformity of these two
guenching trestments and to esscertaln whether or nolt thae
guenching trestments had afforded sufficilently rapld cooling
rates to result in the production of completely martensitlic
structures, a nwber of gquenched bars were subjected to havd-
ness analysis, Procedurss followsd in and resulis ol hardnsas
testing are dealt with below,

(b) Temperdng -

Afver all necegsary hardness tests had haan made
on test specimens cun from the guenched barg, the entire
Lot was drawn in 8 Leeds & Northrup Homo furnasce ab L200% P,
for e period of two hours, then cooled In stilll alr,

Hardness Vvests were vhen carriad out on apecimens
put from the drawa bars. Procedures Tollowsd in hardones
testing, as well as the resulta obbtained, mre presentad
below,

H.  Hardness Tests,

{a) Bars Quenched Withoui Shield -

Threo of the bars which had ween guenched witﬁomt
the shield, Bars Nos, 13, 14 and 15, were sslected {or
hardness testing; Ag seen Lrom Pigure &, these three bars,
becauvge of the relative posiltions which they cccupled during
heat breatment, are representabive of the quenched lot,
Hardness tests were made on each bar at both ends, thetv isa

at both top and botbom, using both the Rockwell and Brinell

inatruments, It should be nobted that, prior to hardness




i

voating, sbout L inch of mabteriel wes cubt off sach ond of
of each bawe, thus reoeving thoe deillled portions which of
sourse coolaed dllTerently than the central povtliona of the
bara, Results of these hardness tests are recorded 1ln
Toble I,

Dises, < ineh in thicknesa, wers then ocut Ffrom the
contreas of cach of thege threae bara or transverse havdness
teaty,  Phe havdness of these discs was checked by msans of
Rockweld, TG and Viok@rm ressurenents taken in two dirvectlons
acToss the face of Fho dise, as indicated In Flgure 5.

Ragsuwllts arso tabulated in Table 17,

Plpure B

SKEPCH THEDICATING RELADIVI POSTTIONS OF FARDNIESS
TESTS MADE ON FLAT SURPACE OF #-INCGH DISCS.



Cthege alght baecs, because o

= Page o

{Fardness Tests, conbld)

(b) PBars ouenched Without Shield and Tempered -

M

the same bthree bardg, hardness tesvs were
arried out on each after tempering, & procedure aomawnat

¥

;0 that employad on the guenched hars being Lollowad,
That fs, bardness bests werse performed on the oubtalde sy
facoa of the bars as well as on -inch discs cut from the
top, centre and botltom of emeh bar., The results of these

ceats are recorded in Mablss I1T and IV.

(e} RBars Quenched With Shield -

v

B A

Bight of the bars which had been quenchoed with the

o

shield, Barg Hos., &, 3, ¢, 10, 28, 23, 31 and 32, were
A

selected for hardness vesting., 48 1llustrated in Flgure 4,

ruy

P the relative positionn occuplsd

by tham during the heat treating operation, congtiiute a
vopresentative cross-gsecilon of the guenched lot., Thres
F-inech discs, aimilar to thoze previously described, were

Lo

cut from each bar, one from sach of the top, botbom end
gentre positions, then subjected to hardneass Tests, Results
are glven in Table V.,

(d) Bars Quenched With Shisld and Tempersd -

3 ES

The l-inch di@ca referrad to above wers tesited for
hardneas after bempering, readings being taken by means of
both Vickers and Roclwell instrumsnts. Hardness btest resulis
are btabulated In Table VI.

CONCLUSIONS:

ey

o In gquenching without a shield, the maximum overall

=

variation in surface hardness of the bars alter gusnching

was determined 4o be Rockwell G-15 (Bfi,n@ll'aT)y while the

-

meximum overall variation in hardness of discs cub Lfrom the

™

contres of these hars was Found Lo be Rockwell C-3 {(Vickers 4L

A




Yape O

{(Merdnesas Tests, cont?d) -

o

Mhe same bars, alter tempering, exhibiisd an overall maxi-
wum surface hardness variation of Roskwell C=7.8 (Brinmelld @d)g
and an overasll maxivam hardness variatlon between centrog
and both ends of Rockwell C-3.5 {(Vickers 11),

2, in guenching with & shield, the maxlmmmm overall
hapdness veriatlion between the centres and snds of guenchad
hars wag found to be Rockwell C-8 (Vieckers 115}, After
drawing, the maximum overall hardness variatlon between the

contre, bop and bobtom portlons was determlned Lo be

Rockwell C=2 (Vickers 10), From results obitained in hard-

ness testing the guenched specimens, 1t is apparent that the

gooling rete in guenching by this mebhod was sulficlanvly

rapld o result in & satlafactory martensltic strucbure.

o

Do Tt fe concluded that, using the guenching treai-

:‘J

»

ment in which the shield is smployed, the minimum herdnesas

variatlion conslistently atteinable wlth l-inch-dlameter bars

<3

of Avlas stesl £.0.3. 245 is Rockwell ¢=82. Inssmuch as
steel S.4.E. 6150 is favourably comparsble as reyards
havdenability to Atlas steel S.P.8. 245, it should be
possible to obbtain a similarly smell hardness Qeviaiuion with
the Former steel using the heat treating eguipment and
technique dsscribed in the foregoing.
COOGROVNOOA0
[alelslolelelol
Q0
T.W. Wlodel,
Head, Mechanical Section,

}_DcI'v'Io]}{o‘-{Ja

Ottewa, Canada,

Dacember 2, 1946,

TAWs CHB LR, s - : T —
(Tables T o VI follow,)
{ on Poges 10 to &1, 3
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TABLE V.

Hardness of #" Discs from Quenched Bars (With Shileld).

TO-TYr

BAR NO.,. 2 TOP

‘BAR NO.2 CENTRE

BAR NO.

c BOTTON

2.2 AR AR i

Position on HARDNESS HARDNESS HARDNESS
Disc Vickers Vickers. Vickers
10-kg. load} Rockwell "C"4 10 kg. load} Rockwell "g" 10-kg. load{ Rockwell "c"
i i 592 55 585 54 560 55
2 .585 55 585 55 592 55
3 592 56 o79 @53 572 o4
4 572 55.5 566 55 554 53 .
15 579 56 554 54.5 585 54
6 592 55.5 566 53 872 54
% f o879 55 550 53 572 54
% 8 872 55 606 54 3?613 55
‘ 9 554 54.5 599 55.5 599 ©56
10 585 o6 599 ©56 548 55,5
il 554 ®956.5 572 55 542 52
i2 554 .56 572 55.9 542 52
13 ©542 ®54 592 54 #6530 *43?51
ellaximum Hardness
Variation 50 2.5 76 3 83 5

#60verall Maximum
Hardness Variation

Rockwell C-5.5

Vickers 83

(91T &%8d)




































TABLE VI(Cont'd) -

Hardness of %" Discs from Quenched and Drawn Bars (With Shield).

T e e F ey F

: BAR NO.2 TOP |BAR NO.22 CENTRE[BAR NO. 22 BOTTOM
Position on HARDNESS ; HARDNESS HARDNESS
Disc Vickers Vickers | Vickers
10-kg. loadd Rockwell "C"§ 10-kg., loadp Rockwell "C" } 10-k,. load| Rockwell "C"
i & 266 27 264 A 8268 e -7
2 264 $026,5 ‘264 o 264 ®27 .5
3 266 275 262 27 ©262 27.5
4 262 27 262 ©26.5 262 7.5
5 264 B928 264 e 262 27.5
6 ®260 28 262 ®27.5 . 264 27.5
7 264 27,0 ®266 26.5 262 27:.5
8 264 27:5 264 27 262 L
o 262 27.5 264 27.5 264 27
10 262 28 284 2l.5 264 el
1l 266 28 266 27 262 27:5
12 20268 2 266 27.5 262 27 .9
13 262 27 ®4258 27 262 e
sMaximum Hardness
Variation : 8 1.5 8 1 & 0.5
ee0verall Maximum Rockwell C-1.9
Hardness Variation Vickers 10

>
)

(83 o3









TABLE VI (Cont'é) - Hardness of 3" Discs from Quenched and Drawn Bars (With Shield).
BAR R0.32 TOP IBAR NO. 32 CENTRE] BAR NO, 32 BOTTOM
Position on : HARDNESS HARDNESS HARDNESS
Disc { Vickers Vickers Vicksrs
10-kg. loadj Rockwell "C"{ 10-kg. load{ Rockwell "C" 10-kg. load} Rockwell "C"
:
1 ' 264 ©026.5 264 27.5 264 @27
2 |BR266 27 v262 279 ®266 o
S 266 27 .5 264 ®28 > ®262 H28
4 264 27 262 527 266 27
5 66262 7.0 262 27.5 262 28
6 262 ®628 . 262 275 262 - 28
4 262 27.5 264 27 264 27
8 262 27.9 262 2.5 262 27
9 262 27 ®266 27.9 262 27.5
10 262 27 - 266 28 262 28
11 264 27 264 28 264 28
12 262 7.5 264 oD 264 270
13 | 262 27 266 27.5 264 27
eMaximum Hardness :
Variation & A I ) g 4 1
od0verall HMaximum Hockwell C-1.5
_ﬁardness Variation Vickers 4

TiW:CHB:1B.

(te o%eyq)



