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Main Leaves of :3pringe. 

OtigIn_pf Material  and_Puroose of  Investigation: 

On Mae  26th, 1944, one main leaf of a spring was 

reeeived from the Ontario Steel Products Campany Limited, 

Gananoque„  Ontario e  for examination.  The accompanying letter, 

dated ray  25th, 1944, stated thnt the leaf had failed at tb.e 

eye and that the fracture (see Figure 1) occurred when  the 

loaf was being assembled as a part of a camplete spring. The 

leaf had been made under the following specifications: 

Material, G.M.C.  X-5150-A. 
Hardening operation, 1700 0  to 1000 °  F.; 

temperature of quenching oil, 170 °  F. 
Drawing operation s  900° to 1000 °  Fo; 

cooled in air. 
Brinell hardness e  364 to 444. 

The  letter also stated that "the ends of the lcaf  weru  heated 

for the eye-forming, operation, allowed to cool in air,  the: 

 the entire leaf wae hardened and drawn." It was suggested 

that  a quench cheek caused failure, ard  a  complete examination 

wao requested. 

On june 6th e  1944, three additional broken main 

leaves were received. The accompanying letter e  dated June 6th ; 

 atated that the leaves had broken when they were teeted on the 
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(Origin of .,laterial and Purpose .  of  Investigation, contqd)  - 

compression machine.  A  determination of the Grain  size was 

requested,  as a check on normalcy for G.M.C.  X-5150-A seel 

hardened at  1750G  F. and drawn at 1000 0  F A following  letter, 

dated June  13th, atated that the  broken springs were  made of 

G.M.C.  X-5150-A  steel having the fol:.owing  chemical  limita:  

Pr cent 

Carbon 	0,48-0.53 
Manganese  -  0,60-0.90 
Chromium  - 0.60-0.90 
Silicon  - 0.15-0.30 
Phosphorus  - 0,04 max. 
Sulphur  -  0.05 max. 

The  fol.:lowing steel treatment was  alao cited: 

"Harden  by  heating to  proper temperature, to thoroughly 
refine  grain, and quench.  Temper  or  draw to obtain 
Brinell hardness 364-444.  Surface decarburization 
must not exceed 0.010 inch in  depth." 

For the purpose of identification the larger spring, 

received on May  26th,  will be referred to as "large spring" 

and the  three smallar erings, received  on  June  6th, will  be 

termed "small  spring". 

Chemical ArIclysis:  

The results  of the  chemica  analysis  of a  sanie 

taken from  1;he  large spring are given in Table  I, 

TABLE  I. -  ANALYSIS  OF LARGE  SPRING<, 

Fer  cent 

Carbon 	 0,51 
Manganese  - 	0,85 
Phosphorus  - 	0.023 
Sulphur 	 0.035 
Silicon 	0.23.  
ChremIum 	 0.78 
Nickel 	 0 0U) 
liolybdenum 	Trace. 
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Microacopic 11:xamination: 

Sections for microscopic examination were taken from 

both - large and  small springs.  Figures 2,  3, 4 and  5  are  photo-

micrographs obtained from sections of the large  spring, and 

Figures 6, 7 and 8 areor3ection3 ..'rom the small spring.  Figure 2, 

taken  ut a magnification  of  X100„ shows the inclusions in the 

steel in the unetched condition. Figure 3, taken at a magni-

fication of  X100 0  shows  evidence of decarburization.  Figures 

4 and 5, taken at magnifications of X250  and  X1000  respectively, 

indicate the microstructure of the large spring »as received » . 

Figure 6 (at X1000) shows the microstructure of the smnll  spring 

in the "as  received» condition. Figure 7 is a photomicrograph 

shcwing the grain size of the small spring as obtained in the 

McQuald-Ehn  test (carburized at L750 °  F. for 8 hours). Figure  C 

is a photomicrograph (at X1000) showing the microstructure of 

the small apring after quenching in cil from 1525 °  F., drawing 

et 1000° F., and cooling in air. 

Hardness  Tests:  

Hardness tests were made on both large and small 

springs, to determine surface and body hardness. The results 

are given in Table  II. 

TABLE  II. 

SURFAC2 	 BODY   
Rockwelf-TUT Unman  tcy--17Frgif 

Large spring - 	38 	 43 	 403  

Small spring - 	42 	 48 	 469 
M.1.11.1.Mb 	 ....11.10.1.1.wegnar■IldIe..A0M...111110.e.,,MIOMPUO■ 

Samples were cut from the small spring and heat-

treated at various quenching temperatures, in order to determine 

the  grain aize. Four samples were heated at  3tU5', 1600°,  1700° 
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(Heat-Treatins Experiments, conttel) 

and 1750'  11 ,  respectively,  quenched in oil, and  drawn at  900 ° F0  

The pieces  were then fractured and  the 	in  sizes  were  obtained 

by comparing  with standard grain eize fractures. The resulte 

are given in  Table  III. 

TABLE III. 

Quenching 	 Drawing 	 Ilardnees, 	Grain 
temperaturtu_LE .1  te.e£Arature °  F 	Rockwell trq 	size 

1526 	 900 	 43e 	 6 
1300 	 !I 	 44 	 4 to  E,  
1700 	 it 	 45,5 	3 to  4 
1750 	 ti 	 47 	 3 to  4 

■••■■••••••■ 

• 
408 Brinell. 

Ir  order to determine the  effect of  the  quenching 

temperatre  on  the impaet value of th  a  steel,  four more speci-

mens  were cut  from  the small spring. These were  shape( as 

nearly  as possible like that of a regellar Ieod test pieee„ and 

then  subjected to different quencl-dng temperatures. After heat 

treatment,  the specimens were breken ln an  Izod  testing  machine 

The  results are given in Table IV. 

'ABLE nr. 
be quench 	 Draw 	Hardnees 	lmpaet  value, 

t.eme 	°  F 	 jockwell 2 C 8  foot-pounds  

1'25 	 1000 	 40ee 	 11 
• 

1600 	 41 	 7 
1700 	 f  g 	 42 	 5 
1800 	 42 

*  . - 67e Brinell. 
** 

These  values are purely  relative, since  ehe test 
pieces were not  of standarrl size. 

Discteion of  Res-cite° Conclusions: 

The  steel composition fulls within  the limite of 

Specification (3014.C. X-5150-A 0  Thia 	equivalent to tae 
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aascussion of Resu1t3; Conclusions »  contîd) 

following limits specified fer Si. 5150 steel: 

Per cent 

Carbon• 	 •  - 	0.450.55 
Manuanere 	0.60-00 
PhoLphorus - 0.04 max. 
Sulpbur 	- 	0.05 ma›.. 
Silicon 	- 	0.15-0.30 
Ctromium 	O 0 80-1,10 

The  harde. tests defIntte?,:y showed that sore 

decarburization had tlken place,  but  this would  rot have eaused 

failure cf the type encountered. The deearburization, hoever, 

would  be expected to lower the fatigue strength of the  spring 

Figure 2 sbews that the stee/ is quIte dirty. 

Figures 3, 4  and 5 Are the normal microstructure 

. ,'Otainod when this stF,e1 Is treated according to the speofi- 

ations, viz., 

Harden at 1700 ?. to 1600 °  F4 
oil quench. 

Dr  ae ut 900 0  P. to 1000 °  F. 

The use of the high quenching temperature of l'!0 °  P. 

tc 1800 °  F. wam Immedly sespected as being the source of  the 

trouble mire  ie.pc c. eifI.catïens for 2AE 510 steel  cal. .'or 

.r.uenchino tempore.ture 	1525`' P. (The normalizing tempe-Jatu:7.-e 

Ls 1625 e  F.,ane anneali)ag 145C °  F,). Table IV indicates Uat 

the quenching temperature bas a etwked e2foct upon the  Impact 

properties of the steel. 

A compari.sen of the frLoture of the  small  sprin -f,  with 

that of fractures of s amples of the steel whicn had been 4uenched 

from  various temperatures shows conclusivel7 that the sprtngs 

had  been heated to at least 170te P. 
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Reccmedations: 

It is recomronded that 'the prings be given the 

follew5.ng heat treatment: 

Heat to  525  P  fo.  7'  queuchLng; 
'quterch In oil. 

• Dray  at 1000 P. 

This b oat trestmont  should  result in a  àardness of apv?oxi-

mately 40  Rockwell  POI (eM Brine -11). 

Spacial  care must  be taken to prevent overheating 

beforo  quenching »  if failure  of te  type encountered  ii  to be 

eliminated. It is strongly recculnanded that a pyrometer be 

Installed  in the  .furnace to assior the operator in maintaining 

correct furnace temperature. 

Decarburization should  te  kept  to  a  mlnimum e  by 

controlling furnace  atmosphere ir so far  as this Is  poasible e  

both in  the manufacture of  the spring nteol and  in the  final 

beat treatment of  the spring 
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Normal size. 

FRACTURE OF MAIN LEAF 
OF SPRING AT EYE. 

• - 

X100 0  unetched. 

INCLUSIONS IN 
LARGE SPRING. 

FJ.:itisur_e Figure 4. 

Lezt.P 	7) 

2 . Figure  

• 

X100 »  nital etch* 

EVIDENCE OF DECARBURIZATION 
IN LARGE SPRING. 

X250,„ nital  etch. 

MICROSTRUCTUR OF LARGE URING 
IN "AS RECEIUMn CONDITION. 
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