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Examination of Two Steel Rings. 

or 1, 	0 f _Ma..ter al_ anÉk_Ob ect pf_Inves tit La.1;49p, 

On eune lst e  1942, two steel r ing s e  *marked, 

respectively "An.and nB e n were.recelved from Brisadier General 

G. Po Morrison e  Director of Technical Research e  Department of 

National Defence (Army) e  Ottawa  e  Ontario e  for examination o  

Dsee,; cr4;ppl.pp 

Ring nAn (mare on aurface e  'lest 8011  Run/2 ring.  An) 

was 0 0 843 in o  thick and had an inside dimetsr of 4 07555 In, 

The outside shape of the ring le conlcal e  with the small dia-

meter  17 o 00 1. o  and the large diameter 7 o 117 

Ring nE0 (mark on surfac •e  nTest 808 Run/2 ring tn) 



ÉING "A". 

A view  of  Un 
-showing conCent.ric 
cireled temeer 
0oIOurs o  

(ADproxLeintely 
-actual size). 

RI1G  "B" 

A view of 
Showing concentric 
circled tempeT 
colours, 

(perGximately 
actual size)Q 

• 

(Description .ce Rings, contid) 

Ives 0,B30 in. tack with -a 4,7835 in. inside diameter e and 

6.e75G In,  and '7.0625 in, (conical shape) .  outside diameters. 

P9guireS.1 and 2 are views  of. the  rings aà recelved. 

The  dimensions of th(" rings  Were taken after slight 

machining  of the c;,/lindricel Lnd .conical .  surfaces, the machlning .  

being done az  as to facilitatt the tin g of accartte enast,rtimentt. 

I'li,;ur• -;  .1. 



- Page 

(Description of Rlngs e  on t)  

Yffl flat surfaces of both sidos of the rings show 

the temper olours that wev produced as a result of the high 

frequency induction troatmt. 

The disposition c,f colours on the flat surfaces of 

Rings uA" and 1813" Is shown in Table I. 

Table I. 

The Distribution of Temper Colours. 

;:puccessiveg 	RINGA 	g 	RINGD .,,..-_,-,:,..,,,rerniu,ace..-7,:aa excaz a ,i-arrea.-acearra:a rce,zea, ,=ar a,a-acaa.recala,--- --rarratexe-acera,-,,--a-a,aCaa 

number of g VIOL '..JID.LS .:.NARi.1, , „)w WIDE g IUDEID.11; g NAhROW SIDE 
colour 	:Wld1h,:Col-gVadtM 9 g Col -g Wiatn,g0o1-,;wlath“ col - 
strip 	: in. 	ourg 	„., 

	

lh,,,, g 	ourg 	in, g our?, 	ln °  : 	012 Y.' 
aas-,14:1a7..1.:reefeckz.",:o,.t.n.,-.13.7r,=trarre ,,:-.:,xe..:teroia‘ieat.? ,:aate.,-0.ozmte.omq-ez-.,•:4-.,...eitri.3.,-0.7.are.y.,..›,-cp.mem-t.  ae..-vet'e,mte.0m-r.....atiNyze-T..,-,...urree..:174,,..-070mo:t›-.P.-ree ,,metzr.,  

s 	' 

1 	 115/32 1 1 - e''.  ''.: 

	

0 s . 'el ,, ) e 	0 0 1 r-1 5C,2_ o 

	

a * t 1, ...,-... 0 	6 	8/32 
2 f • 4 ) 	 ' . j " "S 

j 3 6?  3K,s, `,.. 1 9 2 	,:-.>„, e, 	1-4 g 	7/32e 	9 g 1/32 „- 	6 , 
3 	 1 2/32 g35 : 2/32 g 6 g 19/32 g 10 g 2/32 
4 	 ; 2/32 g 6 g 1/32 g 4 9 5 g 	 g. 	g 6/32 g 6-8 
5 1 i' ..). , 	, -,,p 	a ,01 	r.i 	a 	'-:), /32 	,., 	7 8 	‹,,, , 	,e..., f ...il 	 , -..,:- 1  ) , 	., 	, , ...- ,. , — 	, 	, 	 ”. 	... 

	

,, 	‘; 9/32 	9 
6 	4 5/32 g7,8 g 6/3;"2 g 9 g 	 g 	15/64 g 10 

4/32 g 9 	g 4v ,:::, i::: g 10  
8 	 ; 6/32 g '10 ,› 

	

t. 	
t. 

	

0 	1 	 o 0 
a 

tmcran.u.eizuar..uur-rs.,.2z,•'.. ,,r.-Fuez! ,—,arr,-eaF,D ,aa.:x- ,r,,r,";'-ë-'e".a,f-a--,a,".=-e—e,e,r=z-=zm,s2 ,5.eznfs!ïe::,ue.'eenzu;aix-=e.e2rgmc.,,--rmzeze.vn-geer,itz:--.=.sce-lk-=m 

As a guidance the various temper colours and the 

temperatures at which tbey are produced are given in Table TI. 

This table is for the ordinary type of heat treatment and should 

not be considered as exaetly applying to induction heat treat-

ments where heating times  are  very short. 

Table JI. 

oI ..Lemper Colours 
ra,za.-_-2 we: 12:Lev,. c,cla 	 Faa 	 o  

■areaeacizatar.kraaeore,auatn at -Jr.-a:a ,c,nantautra teassaana wet. , caa was ■care tex=Yaaar.c..aaraa_aaataaera,a.a.caarcc.1 ',art aaana cex=e1raTe,--eaaaaaassaalaar.....aaceiaeaceavnaaaea 

No. 	Temper colour 	 Ileml?qgra7,ure 
o 

e 

1 	Lemon yellow. 	 430 	221 
2 	Light straw 	 456 	236.6 
3 	, Dark straw 478 	247.7 
4 	Purple reddish 	 523 	272.8 
5 	Purple bluish 	 551 • 	- 288'04 
6 	g Blue 	 572 	500.0 
7 	Grey blue 	 603 	317,3 
8 	g Gmenloh blue 	 627 	550 0 6 
9 	Grey 	 700 	37101 

re. 



Segment of Ring AI  . 
showing distribution 
of  temper colours, 

(Approximately 
actual size). 

Segment of Ring 
sh,)wing  distribution 
of temper colours. 

(Approximately 
actual size), 

Page 4  - 

(Description of Pings; ccntld)  - 

In Table 1, "0" was used tc mark the surface without 

temper colour, and 9 and 10 to mark the daek-grey and dark 

surfaces  for the temperatu:res  above  the  scale of temper colours, 

Views (to size) of  the  segments  af  Rings  "A" and  "B", 

with temper colours, are Shown  in Figures 3 and 4. 

s  Figure 3 

FijzurL 
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Pieces Nos e:3 and 4 except that they were ln, from the 

- rage 6 - 

Uhemical Analysis: 

This was taken only from RIalg B. 

Carbon 	- 	0 058 per cent 
Nickel 	- 	None detected, 
Chromium 	- 	Trace. . 
Molybdenum 	- 	None detected„ 

Tensile Teats: 

Small pieces of the type that can be broken in  the 

 Hounsfield tensometer wore mt from the rings, The locations 

from which  the  pieces  were  taken  were  as follows: 

MP.G 

Test Pieces NOS 0  1 and 2 were b5tken in a tangential 

dIrection e  5/16 ih °  from the  inside edge e  as  were  also Test 

edge, 

Test :Piece NO, 7  sas  taken ln a direction vertical 

to the flat surface of the ring 5/16  In  ° from  the  inside 

edge. 

M4/1q,Pa 

Test Pieues 310e3 5 and 6 were taken in tangential 

directions e  5/16 In 0  from tne inside edge° Test Piece No, 8 

was taken frim the vertical direction 5/16 in'from  the  

inside edge, 

The. results of the tensfUe tests are shown In 

Table IV. 

(Oontinued on next page) 



Average 

A e  1 
2 
3 
4 

Rin„,e , 5 
.6  

Average 

37.5 
30.0 
32.5 
30.5 
37.0 
37.0 

54.8 

11.6 
11.9 
11.9 
11.73 
12,3 
14,0 

12.24 

94 9 000 
97 9 500 
92 9 000 
96 9 000 
95 9 000 
98,000 

95 9 500 

102 9 375 
10$ 9 000 
105,000 
105 9 000 
103.000 
104;000 

103 9 730 

Tangential 

25.0 	12 ..33 	98, 00Q  • 

25 0 0 	12.2 	989 000 

25 0 0 	12.26 	989000 

105 9 000 Longitudl-
107 9 000 	nal 

106 9 000 

- rage 7 - 

(Tensile Tests 9  contîd) 

Tensile Test Results. 

:Diameler,gRenEtïongEloriga- 
No. 	g inch 	: in area,-; tion, “3trength„; 

gper centeper centg p.s.l. g 
xer=e2,--tmeeemre.,,ean'eler.,uiceuree."1.--emmelres,a1=ir-,e,4=etaa,.^:‘..risre,-ela„,er 	 a - 

0.154 
0.160 
0.160 

: 1.160 
: 1.160 

1.160 

7 	: 0.1600 
0.1605 

teier.WIlleeMeaMenelM 

gne_A» 
"PM% -49  8 

Ultimate : 
strength 9 gDirection 

teemeemmum=uneepeeemgezeira:mumile 

t1,177--Me23,,,,,e,,,,,,..alire7=a-SjalleiVrnealreeerirevar.ZereVtorasza -ae llumzree.+1.:e.e..eren,elignean(allreZeeffee,aZreee's ‘MrZtlarliTZMISAaV.1.S4IPP7e-edegeeeg----i711-Me7A..-2- a, 

. Elongationzi measured for Samples 1 to 7 were on gauge 
lengths of 0,625  in., and 0.56 L.1. for Samples 7 and S o  

Macro-Examlnatione 

The macro-etching performed on Ring A9 etching in 

a reagent composed of 6 g o  c:upric chloride, 6 g o  ferric chloride, 

10 ml. hydrochloric acid and 100 ml. ethyl alcohol, has shown 

the sharp difference in colours of the flat side of the ring. 

Se e Figure 5 c  

The  dark layer on the outside part of the surface 

is 9/32  in  wide, which ia about the same thickness 

hard layer shown In Table III. 

as the very 

(Continued on net pag ) ) 



Te - t 808 Run 12 

age 8  - 

(Macro-xaminatIon s  contld) 

See:lent  of Ring A 
after the nacro-etch5.ng 

(ApproximatGly ectual size). 

Microsou.icmination: 

Cross-sections o!: each ring were extulinsd under the 

microscope. ?igures 6 to 9 show photonicroLTaphe taken from 

Ring D at  points  where characteristic  changes in  hardness 

occurred. S'.;ructures shown  are simila? to those observed 

in fiin1;,  13 ;  although  th r various strctures were not in  te 

same lecations for both rinës. 

The structure anGwn in Figue 6 is martens5.te, 

having hardness range from n8-779. Figure 7 shows the aus-

tenitic  grain 012.6 in  this rang 	o be quitc, larae. 

Fre 8 showa  a mixed stru(;ture, mainly martensite-

troosite, zones with h&rdne 	ranL;e fr(;.m 452-681. 

The pearlitt-ferrite struct*ire (bee :Figure 9) was 

found  in zones  with hardnes ran.e fron 190-217 

(Continued on nex',:. page '  
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- Page  9 - 

(Microscopic Examination, 

The ncn-metalli inclusion ..b in Rings A  and D, 

examincd  on Tongitudinal  sa:Iples  at X100 magnification, were 

found to 1De  uniformly distributed, mall, and  numerous, 

Fiure 6 

w 	\ 

, i 

	

, ,,%,.-..14.,..-_,-',  . 	 .. 	 — 

	

;-,,,,,, 	 , e , 

ae  .'.: -  (-  

( ',,-  --'  /  ",  f  ..'‘..4 - 	-  ' 	3  • ' 	 --' 	1 	,  .' 
if: .f.,i7.:-*■".  ,  '.  ',  • 	 4' 	‘• 	''  , 	'' 	 ' \  '  '" 	

« ,.., 	. 	"  •,' 	%.,1.ç',.■ 	 :s\les 	'S',.‘ ‘. ■. 	' \ 
\  '  4' .  '' 	\  . 

s,i•,.\;•.-,',.. 	"•\,1—' r, 

	

1 	

so "1,  ‘'''  ■  .  n.` .  •  1.-e....7.'' .k .},.• ;\ \ 
'; 	' ' 	' 	•  , 	'I'V‘‘  '  .  ' 	.) •••  • ...(  ',V, .. 	''' 	‘'i  '  1. 

.L.ev.".‘  ,...  \  ■  ..:. il 1 .\±:•,1, ,, 

	

:— 	 14-'Asà.■4\ 	i'. 	--•• , t  :'  )z.-4.t...k.  .\. 

\ 

	

— • 	'-' " - 	 '• 	•tc,  ---.` 	›-----• 	1,  t  -,:• 

•2_:' ___.'  igiw_. 	e.g... 	•\ 	••  1 	 .  _  trw--`  , 	•  . 	 . . 	• -^ 

X500, etched  in 2% nita1. 

Martentitic structure,  corse  uains. 

D''Igure 7. 

./.,, 
, 	 .. 

,.,....,,,.. or  
: 

X100,  electro polisLod  ai  
iightiy  etchad  In  4% picral, 

Coarse grairs of martensite. 

Grain  size  No 2. 
E-19-3W. 
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- ?age 10  - 

( Microscopic Examination, critid) 

FiLipre_8 
•••■••,...gannommemes war  ° 

X500, etched In 4% picral. 

Martensite and troosite. 

F:.,;ure 9. 

X103, etched by e1acto-“.)11sh1ns0 

Corse  grains - pearlite and ferrite. 



a) Inside layer Of soft 
material 	 181-224 

Taken on wide 
side. n? 

Page il - 

Laesr_Thickno,sses,: 

. The thicknesses of the various hardness zones of 

the rings»  as  determined by hardness tests, microscopic exam-

ination, macro-etching and temper colour observations, were 

a$ follows: 

Table Y. 

se 	 n 	 :Thickness: e 

Ring: Kind of Material 	 g Vickers gof layer: Remarks 
. 	 . hardness.;_ in mm, . 

gb) Layer of medium liard  
. 	material (the trana-  
. . 	itory layer between 
: 	very herd and soft 
: 	material 	 353-656 	' 2 
a 
:0) Outside layer of very 
. . 	hard material 	 736-779 	5 

10 

t i) 

33 	:a) Inside layer of soft 
material 

:b) Medium  liard .  

	

190-217 	13 	Taken on small 
side, 

	

253-581 	7 

:0) Outside layer of very 
hard material 	 738-779 	6 

FM.Zreenre-eXe 7.112.1.2" 	
ev",•^+", 

Discussion of Results: 

The rings were produced from a plain 0.58 per cent 

carbon steel. The ultimate stress ln the soft ring material 

is 103,730 p o 5,1 0  In the tEtngentlel direction and 106,000 p o s./ o  

in the longitudinal directiQn. These values are what would be 

expected in SAE 1060 steel. 

Analysing the tensile toot resUltk3.9 we may note that 

the reduction of area In tangential samples (Nos. 1 to 6) Is 

an average of 54 per cent and in the longitudinal directions 

Is 25 per cent. This difference points to the possibilities 



- ?ago 12 - 

(Discussion of Results e  contid) 

that the rings were forged on a mandrel, 

The result of the microscopic examination and the 

appearance of the cylindrical surfaces of the tensile samples 

and their appearance of fracture indicated a corase-grained 

material. This material was in the normalized condition bororo 

the application of the induction heat autofrettage, Tho largo 

grain size indicates that the temperature wan probably high. 

• The distribution of the Vickers hardness is in 

accordance with  the  gradation of the structure frommartensito 

to annealed pearl:Ito-ferrite. Results or macro-etching and. 

camper cOlour - observations also check these hardness tests, 

The rings e:J.thibited characteristics of induction 

heating. 

Ring B apparently was more intenseively.heated than 

Ring A. The depth of the layer heated bove the critical 

telfflrature before quenching in water is 7 mm. for 'fling A 

and 13 mm. for Ring B 9  the depth Including both fully hardened 

and seml-hardened zones (se  Table  Ili). 

Hardness distributions and structure variations were 

found to be symmetrical with the axes of the rings, 

peneral Remarks about the Possibillty_of Employînethe 	New 
R-areàTs—aUfïïnï'Trc;i'P'reàuh-F--KzerrAre;-ep; 	- ----- 

From the nature of the temperature distribution by 

the Induction heat:Ing o , it le possible to expect the auto 

frettage  effect e  taking Into consideration the - theoretical 

calculations of the distribution of thermal stresses in 

hollow cylinders, (See papere l e  2; 3), 

ntinued on next page) 



- Page 13 - 

(g2neral Remarks about the ?ossibilitv of Ee,92loyire the New r=aa..13....- 

VcIthodg 	-ndueteon (4e, i, t'nu Pu'- ofre - teee contgd 

lc The Thermal Stresses in Circnlar Ceylinders Concentrically 
Heated, by Charles H. Lees e 	Proceedings of 
Roy. Soc0 9  London e  1922 9  pp. 411-430, 

2 0  The Calculation.of Te.mperature Stresses In Tubes »  
by L. H. Barkers, In ENGINEERING, 1927 p 443. • 

3. Strength of Matorials e  Part II, 
S. Timeshenko e  2nd EdItIon e  pp 258-2640 

Tho heating of Rings A and :3 above the critical 

temperature e  before quenching, results ln the very hard 

material which is not machinable - an dbjectionable feature. 

It would be desirable to apply suCh a heat treatment 

as would stress a ring or gun-barrel without producing any 

exterior hard layer. 

Using the known method of thermal atress calculation, 

we should notice that by ratio D o/D/L  = 1.5 (D0  = outside diam .0 9  

Di = inside dIam.) and  by  coefficient 

E 	ci  = 600 

In= PoIssongs ratio. 
E 	Modulus of elasticity. 
d 	Coefficient of expansio ï . 

the maximum tangential temperature stress In a cylinder due 

to : the radial temperature difference was found to be  $35 

pounds per square Inch per 1 degree Centigrade of radial 

temperature difference. 

This figure gives an indication as to the required 

temperaturo difference that would be required if the induction 

'autofrettage effect wore to be obtained, (This does not  teks  



Tangential 

Tangent lai  

•Longitudinal 

Longitudinal 

Radial • 

a 

o  

- Page 14 - 

(Discussion of Results e  con0d) - 

into account the Influence of a contraction by rapid cooling.) 

The kind of stress distribution produced by radial 

temperature dîfference is shown In the following  table g 

:676-arati— 	f.-7-b 
e 	 of stresses A.  of  SUreSSeS 	 o 

l&r.21...re...7..reilreeeZZIelie:Efii•YeZA2,317e.P.M-27,̀21,:leP77-"'"^,'CW-7,-'1,....,,,,,3W=.7.,..-teUre.:1-a.e::-,.‘=■:',=472,7er.Zer.'-.^.:ceeef ,-Z-MW,-̂,:e.oie:r.teear^:reerre-1-;,........2 

g 

Tension 	Inside 

Compression 	Outside 

Tension 	Inside 

Compression 	Outside 

Tension 	Inside 
Outside 

It would -appear thon that the kind of stress dis-

tributlon produce ( by• differential induction heating will 

produce an autofrettage effect. 

The Quantit •  and size of samples submitted did not 

permit a standard residual stress test °  A substitute arbi-

trary test was performed and is described In letters attached' 

to this  report.  (See Pages 17 to 19). 

• The distribution and magnitude of residual stresses 

may be determlned by employing a method which involves a 

machining of layer after layer from untsido or  • rom inside 

of  the  ring and taking suitable measurements after removal 

of each layer °  

It 13 imperative that samples should all be machined 

before heat-treatment to exactly the  came  Inside and outside . 

 diameter dimensions°  

Because of the  complicated nature and expense of 

this toSt e  it might be useful to discuss the dimensions .  and . 

quality of necessary semples with the maker. 

("Jontinued an net page) 
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(Discussion of Results, contW.) - 

It might be•useful to determine the influence of 

the heat treatments outlined below on the distribution and 

Intensity of the.residual streasesg • 

a) To Inductively heat a ring or section of a'gun barrel 

to a suitable teMporature and then cool'only ln a quiet air 

or in an air stream. It is felt that tamperature differential 

alone.might be sufficient to stress the ring and that streSses 

put into the Inner  barrai  material might not be relieved by 

conduction heat. No  ou or  hardened zone'would be produced ln 

this method. 

b) meat to a temperature in ttle neighbourhood of e  or above 

the critical and then cool slowly through the critical rang(, 

then quench. This should eliminate hardened material on . 

outside layers of the ring yet maintain a good stress condition. 

c) Completely heat-treat the ring befor( induction heating, 

then apply the induction heating up to the neighbourhood oe the 

critical tomperature This would avoid the complete trans-

formation of outside layer of the ring and consequently 

eliminate the outer hardened z one  e  while still maintaining 

satisfactory stress conditions. 

(1) To raise the temperature difference between outside and 

Inside walls cf the  barrel by employing the air, etc., cooling 

of the inside wall of the barrai  during induction heating. 

By so deing, magnitude of stresa differential should be 

increased. 

e) To determine.the Influence of drawing on residual stresses 

distribution. 

(Continued on next page) 
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- Page 16 a

(Discussion of Reasultsa csmtQCâ.} -

It mâ.pt be desirable to take the exact dimensions

of inside and outside d0m^^^^ and lengt% of a ring or Illy

barrel in three stages of ra^ocess; before heating, during

Matâ.ng (insic^^ ), and af top c;caolj^.sga

The relations between these figures may give to us

some idea as to We kind and intensity of stresses and the my

to control "Mo

This wthod woulcâ. appear to be w®^ty of fwt&r

experimental test, Mâ,cX^ shovld. Invol Ve a V^^^^^^^ SM of

residual stresses and wtAèR.? urgicca.l c^^sideratio^.^as. '
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552 Booth Street, 
Ottawa, Ontario, 
July  ilth, 1942. 

Meneranduag 

To: Brigadier General G. P. Morr1son9  
Director of Technical Research, 
Department of National Defence (Army). 

Reg Preliminary Report on Rings from Gun 
Barrels produced by a New  Method to 
Produce the Effect of Autofrettago. 

In connection with the two rings which wo have re-
ceived from you for testing, we would like to Inform you 
that befo • e starting the metallurgical tests we performed, 
for experimental nurposes 9  somo approximate testing by 
simplified metàoda to determine a few figures of residual 
stresses in both rings (marked respectively A and B). 

. In order to Obtain approximate figures of residual 
stresses without destroying the material itself, the rings 
were divided and  plit Tbe ring A was first divided into 
two concentric rings, A-1 Inside ring, and A-2 outside ring, 
by a out  Darallel to the axis Of the ring. The two rings 
A-1 and A-2 obtained In this way were afterwards split, 
Ring B was plit only once. The diameters of ail  rings 
were measured before and after dividing by the National 
Research Council Gauge Laboratory. 

For approximate calculation of stresses freed 
by  dividing ring A into A-1 and A-2 9  we may use the 
equation: 

ta  = -tb 

where E is the modulus of elasticity and b the 
change of diameter. 

We obtain the following values fot ta g 

'For Inside ring A-1 	-62 9 500 lbisq.ln. 
For outside ring A-2 +50 9 500 lb/sq.ta.(difficulty 

in measurement because 
of conic surface). 

Afterwards tbe rings 11-1 and A-2 were split and the 
values of the remaining residual stresses, If we may cail 

 them sop may be calculated approximately from the equation 

tb 	Exd Dl - Do  
D1 	c, Do 

where d is the thickness of the ring, Do  mean dia - • 	
met  er before splitting and Di meandlameter after 
splitting. 
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Memorandum 	 July  11th 9  1942, 

We obtained tb values of +6020 lb/sq,in, Cor the 
inside-ring A-1 and -54 9 200 lb/sq,ln, for the outside ring 

As previously mentioned, Ring B was split only 
once through the whole thickness »  la order to conserve 
the mate rial for further metallurgical tests, From  the 
difference Of diameters of ring •B before and efter split-
ting »  we have 

DJ 	D th =E 0d - 0 

D3 	Do 
giving a result or 

• 
-68 9 940 lb/sq,in, ln the outside layer of 

the ring, 

• From  the above approxlmate figures which are 
rather of guidance value and are given for,your advance 
information, we may suppose that the distribution dr the 
residual stresses la »  in this case »  rather complicated, 

Without going into any further analyais of the 
results obtained from this approximate determination of 
stress values »  we may in the present stage of this test 
work say that the inside part of the ring  is  under com-
pression from the outside part, . 

For accurate determination of residual stresses 
separate rings of the material will_be required for each 
'stress test, 

We shall give you the remaining details of 
stress tests  and results of tests on the material of 
the two rings as noon as they are completed, 

' We have checked our equipment for performance 
of these tests and hope to be able to make an arrange-
ment with the National Research Gauge Laboratories for 
the necessary measurement, 

Because of the complicated nature and expense 
of these tests »  It  might be useful to determine the 

. dimensions and quality of necessary samples with the 
maker, 

CO  S, Parsons » -  
. TWfflo 	 Chief of Division, 
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552 Booth Streot e 
 Ottawa  9  Ontario ° 

 July 139  19420 

Brigadier-General G o  P o  Morrison » 
 Director of Technical Research » 

 Dopto  of National Defence, 
Roam 507 9  Now Post Office Building, 
Ottawa, Ontarla,, 

Attention. It -Col H R D HarrJe 

Dear Sir g 

Further to our letter of euly lith e  1942 9  and 
using the observations from our exPorimental stress  tests »  
when performIng the metallurgical teste of the material 
'itself e  we are giving below the details of ring . samplee 

• for a stress test:. 

• For the determination of the residual stresses 
in the-tangentlal and radial direction »  we would like 
to have for each kind of experimental heat treatment 
three ringS °  two for the stress test and one for the 
metallurgical test, These rings should be taken from 
the same forging piece and be heat-treated together 
ai;  the same Umo °  The machining and grinding of the 
rings should be within an accuracy of as near as poss-
ible to one . ten-thousandth of an inch. The outside 
and inside surfaoae should be concentric and cy1indr1= 
cal  ° Lately the rings delivered have been conical on . 
the outside »  and this makes the calculation of stresses 
difficult °  The.widtâ of each ring should be two inches °, 

For the determination or the stresses in all three 
directions, that is 9  longitudinal 9  tangential and.rad- 
Jai °  it is necessary to keep s 	the preparation of 
the.sample, the same conditions as stated before °  The. 
length of these samples should be three times the out-
side diameter. 

We would like to have with each ring preferably 
attached thereto »  Its full chemical analysis, 

Yours very truly e  

C. S. Parsone e  
TW:WH. 	 Chief of Division° 


