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011eila_21_Matcarial and  Object of  Investigation: 

On August 30, 1944, Prcf, J. U. MacCivan, Division 

or  Metallurgy, Army Engineering Design Branch, Department of 

Munitions and Supply, Ottawa, Ontario, submitted Requisition 

No. 671 (Lot No. 564 0  Report  No  101, Tent No, 5) requesting 

the examination of two volute springs from current production. 

The information desired was (a) chemical analysis, (b) hardness 

survey through a cross section of each coil, and (c) amount of 

decarburization, The springs were received on November l e  1944e  

The springs  were  arbitrarily numbered 1 and 2 as no 

distinguishing marks could be found on them, Each coil was 

then numbered, the smallest being number 1.  • 
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peell13.eaull: 
The following are the results of the chemical analyois: 

SPRING 	SPRING 
e00_1_ 	NO• 

- Per Cent  - 
NE  0232 

0.55-0.66 
0.70-1.00 
1.80-2.20 
0.040 max. 
0.040 max. 
0.25-0.40 

Carbon 	- 0,61 
Manganese  -  0084 
Silicon 	-  2,09 
Sulphur 	-  0.026 
Phosphorus  -  0.005 
Chromium 	-  0.30 
Nickel 	-  Nil. 
Molybdenum  -  Nil. 

0.60 
0,91 
2.10 
0,037 
0.004 
0.27 
Ni].. 
Ni]..  

Both  springs were  of  NE 9262 stel. 

p..eh.  of  Decarburization: 

The  depth  of  deoarburization  was determined micro-

scopically. Results  are shown below.  These readings were 

taken on the crown  or rounded top  of each coil. 

Coil 	SPRING 	SPRING 
NO. 	NO.  1._ 	NO,  2 

1  - 	0.170 mm. 0 0210  mm. 
2  - 	0.185 " 0.340 " 
3  - 	0.190  "  0.095 
4 	- 	0.215 " 0 0120 " 
6  - 	0.235  " 0.125 " 
6  - 	0.210 " 0.220 
7 	. 	0,210 " 0.170 " 

Hardness Surma: 

Hardness surveys were taken  on  cross-sections  of 

all the colle,  using the  Vickers  hardness  tester with  a 

30iski1ogram load° The  distance of each  impression from the 

outside edge of the  coil was measured. Results are  shown in 

Table  I.  

(Tiallerr=m .11Prisee ) 
(Text  corleues on  PG3je 4.) 



TABLE I. -iessSves30-kie L 2_aVickersHardrur amleadonVoluteSrl - Coile. 

;Distances are in millimetres from outside edge.) 

SPRING NO. 1.  
err-No, 10 	Coll No. 2 	Coll Ne.-73.----iiirri- 	Cell N0:3-----75,707W76 	con No. 17 

442 	0.3 	465 	0.4 	431 	0 0 9 	473 	0 0 9 	454 	0,3 	508 	0,3 	449 	0 02 
468 	1.0 	496 	1.0 	481 	103 	473 	1.1 	487 	0.8 	527 	1.1 	493 	0.8 
468 	1.9 	487 	2.0 	493 	2.0 	487 	1.5 	481 	1.4 	537 	2.1 	493 	1.3 
468 	3.0 	484 	2.6 	487 	2.9 	493 	2.1 	476 	2.1 	517 	3.1 	493 	2.0 
473 	3.9 	476 	3.3 	487 	3.3 	465 	5.0 	478 	3.2 	537 	3.9 	487 	2.8 
473 	4,2  . 	467 	4.2 	490 	4.4 	481 	4.4 	476 	4.2 	530 	4,9 	484 	3.4 
459 	4.8 	470 	4,9 	490 	5,0 	493 .5,9 	476 	5.2 	523 	5 0 9 	490 	4.1 

473 	5.8 	490 	5.8 	446 	7.1 	476 	6.2 	533 	7.0 	487 	4.9 
465 	6 94 	490 	6.3 	432 	8.2 	470 	7.1 	537 	8.0 	487 	5.8 	0 
473 	7.1 	487 	7.0 	446 	94 	 527 	8.9 	484 	6.6 	o 
422 	7.9 	496 	7.8 	434 	9.7 	 537 	9.7 	478 	7.8 	8- 

490 	8.7 	 465 	10.2 	481 	8.5 	es 
481 	9.3  
465 	100 	I  
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487 	9.0 
490 	9.5 
449 10.0 

0011 NO. 1 coll No. 2 	Coli NO.  _3 
SPRING NO ,   2 0  

Coil No. 4 Coil no.  5 	Coll No. 6 1777/.  
317 	0,2 	380 	0,2 
425 	0 3 9 	433 	0.9 
446 	1.4 	401 	1.5 
468 	2.0 	493 	2.3 
478 	2.5 	489 	3.3 
473 	3.0 	503 	3 0 9 
464 	3.4 	508 	5.0 
478 	3.9 	437 	5 0 7 
464 	4.3 	459 	6.1 

488 	6.9 

481 	0.3 	493 	3 0 4 	473 	0.3 	478 	0.5 
496 	1.0 	493 	4.3 	483 	0,9 	498 	1.3 
483 	2.0 	493 	5.3 	503 	1.3 	488 	2.1 
483 	2.6 	508 	6.6 	493 	1.9 	503 	2,9 
478 	3 0 4 	508 	7.4 	473 	2.4 	493 	4.1 
478 	4.5 	530 	7 0 9 	483 	3.1 	493 	5.4 
473 	5.7 	519 	8.4 	483 	4.1 	493 	6.8 
483 	6.7 	508 	8.8 	473 	5 0 1 	488 	7.8 
498 	7.2 	508 	9,0 	483 	6.0 	488 	8.6 
488 	8.1 	498 	9.3 	483 	7.0 	488 	9.9 
478 	9.0 	498 	9,5 	508 	8.0 

498 	9.8 	483 	8.5 
464 	9.1 
478 	9.7 

360 	0,2 
483 	0.8 
483 	1.6 
483 	2.2 
478 	3.0 
483 	3.9 
478 	4.3 
473 	5.1 
488 	5,8 
488 	6.3 
498 	7.0 

• These readings were taken  beyond  the soft zone. 
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(Hardness Surveysp cent Id)  - 

Under the microscope it was discovered that the 

NO0 1 coil of Spring No* I was not martensitic near the top. 

A hardness survey was rua from the edge to show the gradation 

in hardness. These results are shown  .below. They were  cbtaine 

on the Vickers hardness t'3ster, using a  30-ki1oeam load. 

Distance from top, 
V.P.N. 	In   millimetres 

390 	- 	0,6 
390 	. 	100 
409 	- 	1,5 
429 	- 	2.0 
433 	- 	2,7 
442 	- 	3.2 
443 	- 	3,9 
455 	 4.7 
455 	- 	5.0 

Frem the results in Table I s  It can be seen that the 

hardness was uniform across each coil. The depth of the  soft 

zone in Coll 1-1 was about  5 millimetres, Beyond this the 

hardness of  the coil was similar to that  of the  other coils, 

as was  the martensitic structure. 

M1.9.L2e.9.21A-Ielalael2n: 

The structure  of  the No,  1  coi ].  of Spring No. 1 

was etudied  more thoroughly under the miorosccpe.  The struc-

ture ie shown  In Figure 10 

(Continued on next page) 

• 



- Page  5  - 

(Hardness Surveys, 'cont)d) 

• 
X100, nital etch. 

STRUCTUU OF COIL I-I. 
11■110 

At higher magnifications it was found that tha 

structure consisted of a drawn martensite (and ferrite in 

the decarburized zone) with the softer quench products 

ranging from bainite to fine pearlite, This is shown in 

Figure 2, 

glŒne  2 ° 

veue 
X1000, nital otc.h e  

STRUCTURE OF COIL 1-1., 
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Conclusion:  

Apparently the carbon content gradient in from  the 

top of the coil, tocether with critical cooling conditions, 

resulted in the formation of soft products near the tip  of 

the coil. Otherwise the springs were satisfactory in 

structure. The decarburization must be considered a defect. 
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