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On Ap7cil 215Jt e  1943, Dr e  C c  W e  D-:,ury, DirecLor of 

lUtallurgy,, Army Engine ,cring Design Bran ch, Dopartmant of 

Munitlons aald';3upply e  Toronto, Ontarlo c  subMitted four steel eŒle 

shafts for determinat .lon of thoir chemical compoaitions, 

physiciitl properties s  and microstructure, Two of thzse, ths 

smalL3r in dianster e  were said to be repre$entative of 

presen• production; t;he two larger-dialliot$r àhafts wero 

suggested aa repleoemonts• e  aî:4 the smaller shafts were said 

to be falling in service, appro.7dmately hulf Rn inch  out$ide 

the sIde goar e  An opinion on 	rolat5.ve proprties of • 

the larger ead eniL1eï:_ihafts was requostd (Rcquîsltin 

No  500 0  A e E e D e B e  Lot  • os e  $07 to 310), 

The sam•les suibIatttad ww-ce all new etm,fts Pxid wero 

tagged as follows 

For purpose of lUontification the &hove shafts 

will be referred to herein as lçfos o  1, 2 5, 3 and 4 repectivalye 
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Chemical Analysis.: 

	

,- 	 PE 	B. 	0 	M 	N ' T 

	

Shaft: 	C 	: Mn : 	S1 : 	P.  ; 	.$',,, Or 	Nj,, 1 mo 	v 

	

. 	 ft , 	 . 	 ,, 	 u 0 	 . 	- 	0 

No. 1: 0,35: 0.66; 0.22:-  0.011? 0.012:0.59:1.58:0.28; W.D. 
No. 2: 0,43: 0..69: 0.26: 0.019:; 0.0.120 0 64:1 0 610,29; N,0 0 

 Ne. 3.: 0,34: 0,62: 0.19: 0,0271 0.0170 0 61:1 0 790.32: N.D. 
No  0. 4: 0.34; 0,62: 0,20; 0.024: 0.0180.57:1,78:0 0 321 N.D. 

- 

; 

,7.4cm.e dotected. 

peat_Tretment_andjhysical_Pro.perts: 

• According to . published charts of the Climax Molybdenum 

Oorap any the following physical propertlem can be reasonably 

expected for SAE 4340 stQe1 whon quenched in oil at 1500 to 

11550" and drïiwn at tho Indicated temPeratures; 

13,00'› 2. 9009  P. 1000° F. 

Ultimate stre3s 9  P.S.1 0  
-Yield Po:3,4Q 

Roduction In'ara s  
per cent 

Elongation»  per cent 
In 2 Inches 

Brinell hardneos 
It:lod impact s  ft.lb. 

1800 000. 
160 9 000 

.49 	 50 . 	52 

'19 
-360 

4 7 

.The shafts exaudned had the following 

properties in the "as received" condition

Ne. 1 No ,  2 	No ,  3 	NO. 4 

physical 

210,500 214,800' 211,500 	. 
170,000, 199,300 173 0 500 

Ultimate stress, p,s,10 - 189 9 500 
Yield 	 p.s.i. - 174 9 000 
Reduction in area,' 

. per cent 	' 
Elongation, p.Ir oent 

in 2 incheea 
Brinell  hardi
Iod impact„ ft.lb, 

Broke oucslue 	 third. 

• Full sectiona 

and aftor. being hold at 

cross-octlen t..hey were 

of the shafts were heated up to 15250  Po p 

temperature for one. hour per jJach of 

quenched  in  on e  drawn at 1000° F., and 
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(Heat Treatment and Physical Properties s  contld) - 

again'qUenched in oil  :'rom the draw temperature. 

After this heat treatment the steels had the' 

following physical properties 	• 

No. 1 

Ultimate stress s  p 0 e5i, -• 

Yield point s  p.s.i." 	- 
Reduction in  area 

• 	per cent 	- 
Elongation s  per cent 

in 2'inches 
Brinell hardness 
Izod Impact s  ft.lb 0  

153 9 000 
15a,750 

58„5 

17,5 
541 

59 5,60 0 59 

No„ 

169 9 500 
160,000 

62 0 5 	58,0 

16 0 0 	20.0 
375 	341 

57 9 35s 35 	51; 55 

No. 4 • -_-_--- 

169,750 
16' 1 s  COO 

58 0 0 

18 0 5 
552 

42 9 43 9 47 

lee 

No °  2 

1859 000 
172 »  500 

Micro!3co.ee_Examination; 

Specimens of eaoh shaft in the "as received condition 

were polished 	then were examined under  the microscope  in 

the unetched condition 0  Tho stools were  ail  found to be fair1y 

clean. The steels were then •bohed. in a solution of 4 per cent 

pICric acid in alcohol and re-examined. Figures 1 »  2, 3 and 4 

are photomicrographs »  at X1000 magnification s  Éhowing respec- 

tively tho etched structures of steel 	Nos. 1 9  2 s  3  and 4. 

The structure consists of drawn martens:0;e0 

Discussion of Rosultou 	 • 

Tho composition of the fuur steel shafts was fairly 

close to the range specified foi,  SAE 4340 steel with the . 

exception of the carbon contents of two of the steel shafts s 

 which were just under .U.le specified limit. All shafts exaaanicd - 

had high tensile End fairly low impact properties excopt Shaft 

No. 1 which was fairly tough but weeker. The Impact strengths  

Q.  course s  could be increased at the expense of the tenallo 

strength by drawing at a higher temperature. 
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CONCLUSIONS2 

Exporimental at  treatment teste on the shafts 

showed that the impact strength of these steels could be 

incroased by a suitable heat treatment .°  If a lowering of 

• tensile îaid yield can ha tolerated, fix marked IncroaSe of 

Impact  strength:can be . effoctod o  

Torsion'properties aro directly relati ,eo to • 

tensile? proporties, In the absence of definite information 

as to tha typo of failure„ It is difficult to mak 

any, aot recommendationà, Howover, the SAE 4340' stool used 

should  :ive goOd servicd if the design is satisfactory.,, If 

tho fa .5.1uro 15 of the  Impact  type, that.is o  If the fractur 

'is non-duPlex and shows. little distortion„ the steel iihould 

be drawn at.. a higher-temperatureand used 5fl  the - softer' o  

toughe -f form„  if the fracture is  duplex  (indicating fatigue 

failure)„ or if there is marked evidence of distortion . 

 (indicating.strÉight:failure in tension), a higher-strength 

materil is required 0  This  can be effected by,Increasing 

the shaft - section or. by using a higher strength steel, 

In so far as the auggestod alternative . shaft  le  

concer).ed q .  there are„ . of courso advantages in using a 

large e.afting, if the  fracture indicates thet failure 

occurred in torsion& If failure Is in fatigue pr in impact, 

this  change of design may not be effective and Fon...32qprovement 

in steel properties or In stress d'itributIon (such aS can 

be effer,ted by shot blasting) ny be nec(5smary The testa • 

showed that the•higher carbon  steel in.SklaftSo„2 had 

higher tensile and yield strengths when drawn at  the  -same 

temperature as the other shafts o  although the impact . proper-

ties were somewhat lower„ 

However, by hoRt treatment adjustments,. practically 

similar ph:ysical'properties can be obtained in the four 
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(Conclusions e  contgd) 

steels examined, Tho question of the desirability of tbe 

incee&se in shaft size 	therefore, one of design only, 

ha  s been mentioned above e  tLe :Important .  point »  frma th6. 

mtallurgical standpoint o  is whether tensile strength <q-, 

 whethor resistance to shock is rexiuired. Tho nature of tha 

fAilure &hould indicate the optimum heat treatment. 
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