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OTTAWA 	July 19, 1945. 

REPORT 

of the 

ORE  DRESSING AND METALLURGICAL LABORATORISS. 

Investigation No ,,  1907. 

Metallurgical Examination of a Broken Spring Leaf. 

Source of Material and Ob ect of Investlgation: 

On July 5, 1945, under Requieltion No. 1001, a 

broken spring leaf (A.E.D.B Lot No. 594, Report  No  13, Lot 

No. 78) was submitted by the Division of Metallurgy, Army 

.  Engineering Design Branch, Department of Munitions and Suppl:i 

Ottawa, Ontario. A metallurgical examination was requested 

in order to determine, if possible, the  cause of failure. 



Carbon 
Manganese .' 
Silicon 
Sulphur 	- 
Phosphorus - 
Nickel 
Chromium 
Molybdenum - 

0.45-0.55 
0.60-0,90 

0.04 max. 
0.04 max. 

IMP  alb 

0.80-1.10 
OW 4i 

0.56 
0,96 
0,25 
0.020 
0.018 
0,10 
0.82 
0.01 
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Macro-Examination: 

Figure 1 is a photograph showing the fracture of 

the spring leaf. 

Figure  . 

SHOWING FRACTURE OP Tire SPRING LEAF. 

(Approximately  14  times actual size). 

Chemical Analysis: 

The results  of chemical analysis are as follows: 

Specified, 
G.M. 5150 	as Pound 

-  Per Cent - 

••■•••••■■■•■■■••••■■•■••••••■••■••••••.••• ■••■■••■■•••••••■•••••••••■■••■•••••■•■•••• ••■■••••MIIIMe 

Hardness Tests: 

A hardness survey  was  carried  out, by the TUkon 

method, on a specimen cut from the spring leaf adjacent to  the 

fracture, in  order to determine the amount of decarburization 

if any. The following results were obtained: 

Tukon  Hardness 
Number 

Surface 	 - 	327  
0.10 mne. frte surface  - 	450  
0 	 452.20  ' 

ff 	ft 	 _ 0.30 n 	 518  

Decarbueization Meted  f  ‘()): 8(e)  Ire. 
General Motors Drawing, 2 art  No. 5802279. 

Location  of Reading 



Paie 3  - 

(Hardnesa Tests, contld) 

Brinell hardness readings taken en the surf7eee 

the spring gaVe the following value; 

Brinell ïî.ardness 

Found 	- 
Specified - 

eee 
3G4-4.1-4 

Microscouic fxamination: 

A  specimen taken adjacent  to the fracture  of  the 

spring leaf was mounted in bakelite,  polished, and  examined in 

the unetched  condition  under  the  microscope.  The steel  was 

observed to be fairly clean. After etching in a  solution  of 

2  per  cent nitrio aoid in alcohol  the  steel  vs  re-examined. 

Figure 2 is a photomicrograph &  at X1000 magnification,  show-

in  g  the nital-etched  structure  of the steel, which  structure 

consists of tempered martensite. Slight decarburization  was 

observed on the surface of the microspecimen. Since decar- 

burization is not easily deterMined on  a  quenched  steel,  a 

specimen was annealed in  lead at 1600° P. Figures 3  and  4  are 

photomicrographs, at X500 magnification, showing the nital-

etched structure of undecarburized  and decarbucized  ereas, 

respectively, after annealini_;  in  lead. 

(Continued on next page) 
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uticroseoplz Exaraieation s  Gont d) 

Fe  1. ere 2. 

X1000, etched In 
2 per 3ent nital. 

STRUCTURE OF  STEEL IN THE "AS  RECEIVED" CONDITION. 
eye 

fiere 

X500, etched in 
2  per cent  nitai. 

UNDEZAUBURIZED AREA AFTER ANNEALING. IN LEAD 
AT 1600° P. 



Extreme 
uuter aur-
race  of 
spring leaf. 

Pa 3e 5 - 

(Microscopic Exemtnation,  eontid 

X600, etched in 
2 per cent nital, 

DEGARBURIZED AREA AT  SURFACE or SPRING LEAP 
APTER ANNEALING IN LEAD AT 1600°  P. 

Discussion  of  Results: 

The broken pring leaf submitted wae found to have 

a chemical composition within  the  limite specified for 

G.M. 5150  steel, exoept for the  carbon content which was one 

point  above  the  upper limit. This is not coneidered to be 

an  important diecrepancy. 

The Brinell hardness as determined on the surface 

was above the value specified.  This hardness, however, is 

not sufficiently hi€1.11 to seriously increase notch senaltivity 

▪ and therefore ehould increaee  the fatigue strength  of  the 

• spring. The hie hardness, then, Is not considered eo be a 

cause of failure. 
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- Page 6-

(Discussion of Renulte, cont+d) -

The micro-exami,nation revealed that the steel was

fairly clean and that the structure was typically te.pered

ma.rteneite. A Tukoa hardness survey indicated that the stael

was slightly decarburized on the surface. This was oonrirtaedl

in the micro-examination. According to the General Motors

drawing for this part, 0.010 inch of decarburization is

allowedo However, It has b een demonstrated by =zy inveati-

batore that decar'burization will rr►aterial].y reduce the endur-

ance value of spring steels. From theoretical considerations„

any decarburization is undesirable and shcul.d b e avo1ded if

possible.

The fracture shown in Figure 1 is or the duplex type

and i9 typical of a fatigue failure.

The resuXts of this investigation would indicate that

• the spring leaf failed in fatigue as a result of surface decar-

burization. It is recomnaended that these springg be heat-

treated in a aontrolled atmosphere, in order to prevent reduc-

tion of the endurance limit of the spring by decarburizationo

Some consideration should also be given to shotbl.asting as

this procedure has been demonstrated to increase materially tha

fatigue life of such parts as springs, aranksnafts, etc.

A better life of the spring might have been secured

if G.Mo 6150 steel had been used " tead of G.M. 5150,
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