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priGingaterla1_and,Objec .t_of_Invesieein2 

On June Ist e  1942„ Lieut. Commander (E) G. Taylor, 

R.N.V.R.„ of the British Admiralty Technical Miss:ton g, 58 Lyon 

Street, Ottawa e  Ontario, submitted a drop forged unmachlned 

cam. In an accompanying letter (dated June  let,  Reforonoe 

No. 11-11-5-1), it va8 requeGted that the cam be sawn up and 

etching  and  fibre run tests taken. 

In Lieut, Comander (E) G. Taylor 9 e letter of 
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(Origin of Material and Object of Investigation, cont 7 d) 

February 4th, 1942p (Reference  No  o 11-11-5-3) 0  the chemical . 

analysis and physical properties of this material are outlined o  

Material submitted for testing at that tîmep reported on In 

P°M. Lab o  Report No. 5007p met these physical requirements °  

Macroscopic Examination: 

Figure  ,1 is a photograph of the cam p  about sIzeo 

Figures  4.  5 D  and 6 are photographs showing the 

forging  Unes  on etched sect:Leila °  This structure was devel- . 

11› 	oped by etching In hot 38% HOlp 12% H2SO4 0 These pictures 

are also about 37 size °  

fg.e3 t 8 g 

Figure 5 shows whore test bars were taken for 

physical tests, The results are reported in Table I. 

Table I o  - Physical Tests 
1 
1 

•,■ 	 P 	 Test Bar No. 
0 0 

0 S 	 0 pecified: 1 o . e.,, 	3  : 4 n 
Illb. 	4,ree:-eMe-r',--'e...̀"--ZA=EeOM'Z"Ze'tZe,t=.',,,--,Z,t,e-fr' r•nn:"..A,''..Iee...-_-r..nKe ,...---e,...'vr.eentvere.,sr,ern,,,..--'r';›.-re.e,ee,,,ernnn-raezuee.,,,-,...-",,,ee7ee-r.r.-e-xw=.-...-e,..rs,,,ere.reeriuxrez.a,.-c-,..ee 

Ultimate tensile strengthp t o s 0 1 0  g 	413 	: 53 : 53 g 52.2 : 53 
Yield strengthp tos o l, . 	29 	g29 02 g2e 0 6 g 28 	:29 0 2 
Elougatkon, per cent, 	 : 	19 °5 : 12 : 19 : 21o9 :21 0 9 

o Reduction In areap  per  cent, 	 44.9 :1706 g34 0 6  g 36,4 g39.2 o 
I 	 . zod impact., 	 . foot pounds 	 20 	g 3 	: 7 	g 10 	:12 

Microscooic Examination: 
.0 

Sections for  the  microscopic examination were obtained 

from  under the hub and also fram out In the plate. Figure 6 is 

a photomicrograph of the structure under the hub at 100 diameters. 

Figure 7 Is a photomicrograph of the structure In the plate at 

100 diameters °  

A piece was normalized at 1600° F o  Figure 8 shows the 

resulting  structure °  

Another piece was normalized at 1600° Fog oil quenched 
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(Microscopic Examination e  cont 7 d) - 

from 15500  F.and drawn at 1200° F. ,D  The resulting structure 

is shown in Figure 9. 

Discussion of Resultsg 

The macro-etching Shows that the lines of forging 

are In the proper direction to develop the best properties In 

the forging. 

The low reduction in area and low Impact strength 

point to faulty heat treatment, This Is verified by the 

photomicrographs. The structure is characteristic of that 

- resulting from forging with no subsequent heat treatment. 

As Illustrated In Figure 6 9  normalizing will do much to 

refine this structure and develop higher physica/ properties 9 

 while9  as reported ln our PM. Lab. Report Wo. 5007 (Feb. 19the 

 1942)e  an oil quench and draw will develop maximum toughness, 

• Conclusions 

• • 1 The forp-Ine practice 18 Food, • 

!. The forging  recel yod  no subsequent heat treatment. 

Recommendations g 
wmeeteeeur......77.7.,e..........,Areeeuevcru.sr-,:t 

It is not possible to state a definite heat treatment 

schedule . for these forgings e  as this will have to be worked out 

by the manufacturer to suit production conditions. As a start-

ing point e  however e  the following procedure is outlined? 

The forgings should first be normalized. The sugges- . 

'ted treatment here is to heat up the parts to 16000  Pop soak 

at 16000  F. for 4 hours e  and air cool, This soaking period 

may vary from, say, two hours to six hours e  depending - on  the  

cooling rate from the forging temperature. 

After normallzing e  the rough machining may be done. 

For quench:Ing e  the parts Éhould be heated up to 
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(Recomnendat1on$ 0  cont 9 d) - 

frOm 1525° F. to  1550° F,D held at that temperature for from 

2  th 4 hours, and then quenched in oil, 

Following the quench the parts are immediately 

tempered at 1200° P„ held at this temperature for from 2 

to 4 hours e  and then quenched again in oil. It may be 

necessary to vary  th  is temperature somewhat when this heat 

treatment is being don e on a large scale. The parts should 

be tempered to a hardness of about 235 V.P.N. and the temPer-

big temperature adjusted to suit. 

It should be 'remembered that the treatments outlined 

above e  p: -Ptiularly the normalizing treatment e  may have to be 

varied from tine to timd to compensate for varying forging 

conditions. The above outlined heat treatment should there-

fore only be regarded as a starting point from W.hich to develop 

• the  pope  r practice. 
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1,11Lus.2.1 . 

Elf,ura 2. 

Fim;rzl, o  

Photograph 
of cam, 
4 size. 

Macro-etched 
cross-section, 
about 1/3 size. 

Macro-etched 
cross  section,  
about  1/3 size. 

-Ao 



Macro-stched 
cross-section, 
about 1/3 size 

Photograph,  about 
4 actual size, 
phowing position 
of test  bars. 

4  . 

ro  7  o  

Photomicrographs, X100 9  picral etch, 
showing structure existing in forging as  received. 
Figure 6 - beneath hub. 	Figure 7 - in plate. 



Firure 

(ram? ) 

X100 9  picral etch. 

Normalized at 1600° F. 

• 

X500 picral etch. 

Normalize - 1600°  F. 
0 0  Q. 	- 1550°  F. 
Draw 	- 12000  F. 

HVK:GHB. 


