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origin of WMeterisl and Objech of Inveatlgalbion:

nroJune 1sbt, 1942, btwo steel rings, marked
rospectively "AY. and YB," were received from Brigadier General
G. P, Morrison, Dlrsctor of Technleal R%aeﬁrﬁhg Deparimsnt of

Natlonal Delsnce {(Lvamy), Otvawa, Ontaric, for szeminanilon.

Descrliption ﬁf Rixgas

| Ring A" {merk on surface, "Test 808 Ron/Z rivg A7)
wes 0,843 in, thick and had an inside dlameber of 4. 7S5BS in,
The @utsiﬂe'ahmpa of the ring s conlcoal, with the small dla-
meter 7,00 1., and the large ﬂi@m»prﬂ 7LLL7 ing

Ring "A® (merk on surfece, "Test 808 Run/2 ving BY)






(Dosceripbicon of Rings, mont'd)
The flab surfaces of both sides of the ringas show
vhe temper golours thet weva produced as a wvesult of the high
’ fregquency Induction h?"auMdAub
. The disposition of colours on the fiast surfaces of
Rings "A" and "B" is shown in Taeble I,
Table 1,
The Distelbublon of Temper Colours,
Juccessives R IwWET ALNG B
number of @ WIDE S1DR W IDE iLIE s NARROW DibE
celouy s Wid : : Width, ;Gol=sWidch, ¢ Col~
=R Ang curs 1o, i O
3 : 5 § . H
1 3! 2 ; 132 ¢ 8 5 8/32 3 ki
& ; : : /88 95 1/82 5 8
) : : : 2 L9438 ¢ 10 ¢ /32 5 35
& 3 2 g 4 3 s s B3R 3 6-8
5 : 34 s 7,8 g 2~ : 9/32 9
& 3 27 ;9 3 3 115/64 ¢ 10
Ui 3 : ¢ 10 3 : 4 8
a8 H S d H 3 2 5
- 2 s e J S :

As a guldance the verlous btempar colonrs and the
temperatures abt which they sre produced are given in Pable IT.
This table ia for the ordinery typs of heat treatment and should
ot be considered as exactiy spplylng Lo industion heat btreat-
menty whers heatlag btiwmes sro very short.

Seale of Temper Colourd,
Noo ¢ Temper coLour i tBmparatnre
I’ a:—‘n" Q 5B » 2 C
: s : SR S RN, X
&
1 . DLemon vellow 430 a2l
2 o Light straw 468 R3E .6
B . Dark atraw : 478 - WBET T
& ‘ 3 SRE 27308
5 2 Pu?;>a bTulnh 55L © 2884
& : Blue 072 a6 0
7 : Grey blus 805 ALTF .3
3 : Groenish bhiue 827 So .6
9 ¢ Gray . TOG AL L
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Asrdness Tests:

Vickers havduess valuss have been Laken In a radlal
divectlon scross the flat surface of both rings, The distribu-

tion of these hardnesses 1s shown in Table ITT below,

Hardness raadings, s 3 3
talken every 3 g
millinetre, ¢ Ring ; Hexrdoess: Ring ;. Hardness
sbtarting from A 7 ZOnes v Zonss
ingide of ring, g g
N ¥ e :
s R H 3
L ¢ 184 s Inslde : 210 3 Ingide
s 186 5 206 H
& 7 1B4 5 201 : NP
& s 18} 3 180 s 8
& 2 188 : RO ; B e
8 s 188 ? W g 207 3 £
7 - T < N S 1o ST S
8 ¢ 1B B oo 5 BOS ;. B8
9 s 186 PSR 2 201 3 @
10 188 : o 9 204 2 =
1L 5 1886 I S 204 2
12 3 188 50, g 205 3
13 ;189 ¢ 7 s 217
14 : 18§ ¢ 3 BED 3 +3
15 3 g g 269 2 v 13
o g . o -2k B
16 3 25 LI -
18 5 $ 3 A0a g Koeoov o
19 S ;BB g &
20 3 3 s 458 : B
ay e g 3 H8 3 o+
2R 8 3 8o 3 BN«
25 Jfpansie . wEY 3 Y 5 858
24 :hion zomes  T6L 3 W B 5“9 F 0
Q5 g : s Te8
26 3 s ROES 770 3 Qubside
27 3 s b an o Taken g o
e S-S B P B
23 2 Bre e son small 3
24 H g ° suide of 3
p Takan ;the cone 3
s on wide: 8
s aide of: H 3
.2 wm, thick,
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Vhemical Analysis:

This was teken only frowm Ring B,

Garbon s 0,58 per cent
Wickel = None detected,
Chyomim = Tracs, .

X = Wone detected,

Tensile Testas

Small pileces of bhoe type thabt can bs broken In the
Houmsefield tensomeber were cut from the rings. The locations

from which these pieces wers taken were as follows:

Blog &2

Tost Pieces Nos, 1 and 2 were taken in & tengentlal
diveation, 5/16 in, from the inside adge, ss weye also Test
Pleces Noz, 3 and 4 exceplt that they were 5/8 in, from the
edgs ,

Test Pisce Mo, 7 was taken in a directlon veritlcal
to the flat surface of the ring, 5/16 in, from the inside
aedge .

RBing B

Taﬂt.Pi@ae& Nos , Evanﬁ & wsre taken in tangential
divectlons, 5/16 in, from the inside edge. Test Flece No, &
was telken frém the verbloal dlrection, 5/16 iln from the
inside sdge,

The results of ths tensile tesba avre shown in

Table IV.

{(Gontinued on next page)
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(Tensile Tests, contid) -

Teble IV.

Tanslle Test Reswlta,

No.

Diameter, ;Reduction:klonga- :¥ield cULtimate 3
inch : In area,; “ﬁang satrangih, abtrength, sDirection
, sper cent Qpcu genb; peg,l, ¢ p.8 i, o
P Ay Y i BT A RO D RN 3 R LI e B " A% h

Ring 4,

Ring B9

N PREREN, - AN vy

Averape

Bing A, 7
R?hg B, 8

1 0.154 37 .5 11,6 94,000 102,375  Tengenbial
2 0,160 30,0 1.9 97,500 103,000

3 0,160 32,5 11.9 92,000 105,000 i

4 1,160 30,5 11.9% 96,000 105,000 f

5 1.180 37.0 12,5 95,000 103,000 #

6 1,160 37,0 14,0 68,000 104,000 0

34,8 12,24 95,500 108,730

9
0.1608 25,0 12,2 08,000 107,000 nel

@7 0B JU VO G4 /3 2D Ie GH S0 L0 QF 4¢ oY Gdisc OB OO

Average 25,0 12,86 98,000 106,000

® Flongationy messured for Sawpless 1 to ¥ were on gauge

lengtha ol 0625 in,, sud 0,88 in, for Samples 7 and 8,

Macro=-hxamination:

The mamr@«@tchiﬁg'p@rformeé onhﬁing A, etching in
a reagent composed of 6 g, cupric chleride, 6 g, ferric chloride,
10 ml, hydrochloric acid and 100 wml. ¢thyli alcohol, has shown
the sherp difference in colours of the flab aide of the ring.
see Plgure &, | |

The derk layer on the outsids part of the surface
18 9/32 in, wide, which 18 aboubt the same thickness as the very

hard layer shown in Table JII,

{Continued on nexbt page)

IR RRET

0.1600 23,0 12,83 98,000 106,000 Longltudi-
Q
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rayer Thicknesses:

P

The thlcknesses of the varlous havdneas zmﬁea of
the rings, as determined by hardness tesis, miafgﬁgmpic eXam=
ination, macro-etching ond temper colour obsorvatlions, were
as Tollows:

fable V.

Paveahe

$ H ;ghxamn@gsv

Ring: Kind of Material s Vickers sof layer,: Remarks
g H h&?dﬂmﬁﬁg in wm, 8

A sa) Inside layer of soft Teken on wide

: material : 181 =224 23 side,
s ) Layer of mediuvm havd
8 meterial {(the trans-
H itory layer between
3 very hard and soft
3 material _ 353656 2 0
s¢) Qubtside layer of very
3 hard maberisl 736779 8 u
3 .

B :a) Insilde layer of soft
H meverial 120=217 13 Taken on smell
4 ' side,
b} Mediuwn havd - 265081 7 R
:¢) Outside layer of very
3 herd material T38=T7Q & i

TERS F

Seirsrme

Discussion of Resulia:

The vlngs were produced from 2 plain 0,58 per nant
carbon steel. The ultimate stress in the soft ring material
13 103,730 p.s.i, in the tanpgential directlon and 106,000 p,aoicv
in the longituwdinel direction, These values are whait would bhe
expected in SAE 1060 steel.

Analysing the btensilie test ¢ 3u1tggwa may note that
the reducticn of erea in tmngential semples (Nes, 1 to 6) la

an aversge of 34 per cent &nd in the longlitudinal dlrections

19 25 per cenb, Phis diffevence pointa Lo Gthe pe;sibim¢ti®s



(Digcussion of Hesults,

eontid) =

that the rings were forged on a mandvel,
E2S &

The result of the microscopic sxamination and the

appescance of the coylindrical

surfaces of the tenslle samples

and their appearance of fracturs indicated a corase-gralined

maverial, This maberisl was

the application of the induction heat sutolfrsitage,

grain size indicatea that the
The distribution of
accordance with the gradatlion

to ennealed pearlite-ferrits,

in the normalilzed condition hefore

The large
tempersture was probably high,
the Vicksrs herdonsss is In

of the structure from martensiie

Resul te of mecro-etehing and

temper colour observations alse check these havdness tesis,

The rings exhiblted cheracbteriastics of induction
heating.

Ring B apperently was more intersively hésted than
Ring A, The depth ofithe layer hesated above the coritiecal
temper&tmfe before quenching In water is 7 m., f@riﬁing A
and 13 wmm, for Ring B, the depth including voth fully hardened
and, aemi%harﬁ@n@d ﬁumﬁa {see Table I11).

Hardnsss distribublons and sitructure variatlions were

found to be symmetrical with bthe axes of ths rings.

ensee=a

General Hemavrks about the Fossibillby of Dmploying the New
Methods of Indueticon Heavling Autolrebhtages

From the natures of the temperature distribvution by
the inductlon heating, It 1s possible to sxpeet the auvtoe-

frotitage offect, teking into considsration the theoreblcal

galoulations of the dlstribubtion of thermal stresses in

hollow cylinders. (See papers L, 8, 3).

Continued on next page)




{General Remsrks ebout the Poasibility of Hmploylng tihe New

Mokbnods of inducbion Hoating sdunoivetbage, cont'd) -
i e} >

1. The Thermal Stresses in Cirvectlar Oylinders Concentrlcelily
Heated, by Charles H. Lees, Proceedings of
Roy. Sce,, Loadon, L1922, pp. 411=430,

2, The Calculabion. of Tempsrature Stresses 1in Tubes,
by L, H. Barkers, in ENGINUERING, LOR7, p. 443,

£ Maberiels, Part II,

4., Strength
5, Timeshenko, 2ad Edltlon, pp, <HE=R04,

S o

= O

P it

The heating of Riags A and B above the critical

temperabure, befora guenching, results inm the very hard

material which 1s not machiansble - an objectlonable Ffeaturae.

1% would be desirable to apply such a heat treatment
ag would stress a ring or gua-barral without producing any
exterior hard layer,

Using the known method of thermal sitress calculation,
we should notlice that-by ravlo . D@/Di = 1.5 {Dg = oubside dlem.,

D3 = inside diam,) eand by coeffliclent

[l
¥

i

oo B, 4 600
mo o= L

m e Polsson’s ratblo,
B o= Moduwlus of elasticlty.
d = Coefficlient of expansion,
the maximum sengential tempsrature stress in a cylinder dus
& A

o the radisl tewparature difference wes found to be 333
pounds per square iach per 1 degree Centligrade of redial
temperature difference,

This figure gives en Ilndlcetion as to the required
temperature difference that would be reguired 1f the inducitlon

aubofroetiage effect were to be obiuainsed. (Thias doas not take



(Discussion of Resulie, conbid) -

into sccount the influence of a conbraction Hy rapld cooling.)
The kind of asbtress distribubion produced by radlsl

temperaturs difference is shown in the following table:

CKind of Surcgses Divection Poaition
o 3 of stresses of siresgses
£ i R Gv_“n..k'_.e.f LRI RAN S z R i3 = = Ezmyt]
2
Tangenbtial 3 Tanslon Inside
Tengenbial H Conpression Qutside
Longlbudinal $ Tension Inside
g
Longltudinal 3 Compresslon Qutside
Radisl H Tension Tnside
§ Outslide
s
B T R T S L B S T R O L T e e

1% would appesr then that the kind of stress dis-
tribution produced by differsantlal inductlion heating will
producs an subofretbage effaect,

Ly

The guanbity snd size of samples submitted did not

permit a standard residuel stress test, A suostiiunie arbi-
trary test was pevformed and i described in letters sattached’
to this veport, (3ee Pages 17 bo 19},

The distribution and mapgnitude of rssidual stresses
may be delerminad by emploving 2 method which lovolves a
machining of layer after layer from oubtside or from inside
of the ring snd talking suivable messurements alter removel
of each layer,

It is dmperatlive bthat samples should all be machined
before heatstreatm@ﬁﬁ o eaxactly the seme inslde and outside
dlemeteor dlmensicona,

Because of the ocomplicsted naiture and expsunae of
this test, it might be uwseiful Lo dAlscuss the diménsi&ns and

3

quality of nocessary samples with the makern,

3

{Gontinued on noaxt page )
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{Discussion of Results, gontid) =

Tt might ba useful to deterwmine the inflwencs of
the heat treatments oublined below on the distribution and

Iintensity of the residual stresses;

a) To inductively heat 2 ring or section of & gun barral‘
Lo 8 sulteble tewperature and then caol'mﬁly in & guist aliy
or in an alr stream, It iz fell that t@mp@raﬁure differential
alone might Dbe suffiai@nt %o stress the ring and that stresses
put into the Inner barrel material mighit not be pelieved by
conduction heat, No cuter harvdened zone would be prodused in
this methed,

b} Heat bo 5 bemperature in the nelghbourhooed of, or above
the>critica1 and then coel slowly through the criﬁiﬁai range,
then cusnch, 7This shounld sliminate h&rd@ﬁ&d matarisl on
outside layers Qf the ring yvet maintain a good stresa condltion,

¢} Complslely heat-treat the ring baforae industi@n.méatingg
then spply the induction heating up w0 the neighbourhood of the
eritlcal temperatuvre, This would avold the complete trans- |
formation of cutslde layers of The »ing and consequently
aitiminate the outer hardensd zone, while atill malntalning
satigfactory stress conditions,

d) To ralse the vemperature difference betwaen outeide and
inside walls of the bavrrel by emplmying the éirs ete,, coolling
of the iunside well of the bwarrel durlng induetion heatlng.

By so dolng, megnitude of stress diffaf&ﬁtial.shauld be

increanssed,

e) To determlue the influence of drawing on residual stresses

diéﬁributi@mo

(Continued on next page)

~




= Page 16 =
{Discussion of Resulbts, contid) -

It might be desirable to bake the exect dimenslons
of inside and outside diameter and length of a ring or gun
barrvel in three stages of procsss: before heating, during
heating (inside), and after cooling,

The relatvions bebween these figures may gi?@ to ua
some idea as o the kind and int@naitj ocf stresses and the way
to control thenm,

This method would appear 0 Le worihy of fuarther
exparimental btest, which should invelve a thorough study of

residual stresses and mebtallurgicnl consliderations.

SORQQ0CC0O000
QGRACO
(4l

TW:GB,
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QOFY

568 Tooth Sitreet,
Qhtews, Ontario,
July 1ith, 1942,

Mewmorandum

To: Brigedler Gensral G, P, Morylson,
Director of Tschmlcal Research,
Department of National Defence {(Army).

Re: Preliminary Report on Riugs from Gun
Barrelas produced by & New Mebthod to
Produce the Effect of Autofretiage.

In connection with the two rings which we have re-
ceived from you for testing, we would like to informa you
that before starting the metelliurgical tests we performed,
for experimental purposes, some approximete Gesting by
s;mpliii&d methods to determine & few figures of vesidual
stresses in hoth ?LP&@ (mavrked respecilvely & and B).

- In order to obtaln apyweximahe figurea of residual
stresses withoub destroying the material itself, the rings
were dlvided and splib, The ring A wes first divided into
two concentric vings, A=L inside ring, end A-=E oubside ring,
by a cubt parallel o vhe axla ¢f the »ing., The two rings
A=l and A=2 cobtained in this way weore afterwards spllt,

Ring B was splitv only once, The diametera of all riugs
were measured before and after dividing by the National
Research Council Gauge Laborabory.

For approximats calculation of stregsses (read
by dividing ring A into -1 and A=2, we may use tThe
equation:

where L 1s the modulus of .%g tiuﬁtv and b the
change of diametsyT,

We obtein the Tollowing valusa fob Ty

"Por inailde ring A=l =62,500 1b/eq.in,

For outside ring A2 A@OQhOQ inqqoiﬂ (difficul by
in measurement becauss
of conic surface).

Afterwards the rings A=l and A-2 wers split and the
values of the remsluing residual ﬁtreaaass iT we may call
them so, may be calculated approximately Crom the equation

=

b, = Bad Dy = Dy
D's. o DQ

hn

whore & 48 the thickness of the ring, Dy mean dla-
ms el beaﬁwe soLitbsng and Dj meanwiiam@t@r after
gpllitilng.
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Memorandum July llbhg 1942,

We obtained by, values of +6020 1b/ﬁq°1nu for the
Inside ring A=l and =54 9Pou ib/ag.in, for the outside »ing
A=E,

Az previouwsly menbtioned, Ring B was aplit only
once through the whole thickness, In order o conseyvs
the material for further metallurglcal tests, RFrow the
dlfference of dlameters of ring B ba?mﬁa and after spllit-
ting, we have :

= 3 La Aot }“)
tp =Bd b8 giving & result of

L)l N }:)Q

38,9040 1b/sq,.in, in the outside layer of
the ring,

: From the sbove approximate {igurse which are
rather of guidance value and ere glven iav your advance
informeation, we mey suppose thet the distribution of the
residual stresses is, In thls case, vather compllcated,

Without going into eny further snalysls of the
results obtalined from Lhiﬁ &1 gnexlma te debtermination of
stress values, ws may in the present stags of thls test
work say that the inside peri of the ring 1s undex com-=
preossion from the outsids part,

For accurate def ormlna%ﬁan of residual satrosses
_ @Qayqbe rings of the meterial will be required for eéach
atress test, o

We shall give you the remeining details of
stross tests and results of tests on the material of
the two rings as goon as they are complsited,

"We have checked our squipment for pasrlormence
of these tests and hope tv be able to make an arrange-
ment with the National Ressarch Gsugs Laborstoriles for
the nscessary measuremsant,

Becauses of the complicated nature and expensae
of these testa, 1t might be ussfnl to determine the
Cdlmensions and guality of necessary samples wlth the
maker,

G, &, Parsons,
TW:6B. : Chief of Divislon,




o
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COPY

RTRITATERE

552 Booth Street,
Ottewa, Onbaric,
July 13, 1942,

Brigadier-General ¢, P, VMorrison,
Director of Technlocal Resecarch,
Dept, of National Defence,

Roam 507, New Post Offics Bullding,
Otbtawa, Onbtario,

Artentions Lt,.-Col, H, R, D, Harris,

RDear Sir:

Further to our lebtber of July 1ith, 1942, and
using the observatlions from cur experimental stress Lests,
whan parforming the metallurgleal tests of the materiasld

“itsell, we are giving below the details of ring sanples
9 2 o] : w38

for a stross hesv:

For the determination of the residusl stregses
in the- tangsntial apd radlal directions, we would llke
%o have for each kind of experimental heat treatment
three rings, two for the stress test and one for ths
metallurgical teat, These rings should be taken Ifrom
the same Fforglng plecs and be heat-treated togsther
at the sams time, The machining eand grinding of the
rings shouwld he within an agcuracy of a3 near aAs pesss
lble to one ften=thousanddth of an inch, Ths outside
and ingide surfacsse should e concentrice and oylindri-
cal, Lately the rings delliverad have besn conleal on
the outside, and thies makes the calcenlation of strosses
alfficuls, The widih of each xing eshounld be two laches..

For the determination of the stresses ln all three
directiens, thet is, longitudlnal , tengentlsl and rade
fal, it is necesaary %o keep, in the preparatlon of
the. sample, the ssme condltions es stated belorve, The
length of thess samples should be thrse times the outb-
side Alameter,

We would like to have with sach ring, preferably
atbached thereto, itis full chemlcal analysis,

i Youra very uruly,

. o S P&ra@ﬁ$$
TW s WH . Chief of Division.




