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of the 
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Investigation No. 1795. 

Metallurgical k;xamination of Forged Steel Spring  Clip 

Oritin of T.1aLeria1-a of Investigation: 

In a letter dated February 12 0  1945 (File  NO 

 12/4/16, Requisition O.T. 4328)0  Mr. Re 0 0  McGee,  I. O.  M. e  

for Inspector of latorials 0  Inspection Board of United King 

dam and Canada, Ottawa, Ontario, reauested a metallurgical 

examination of tmo forged steel spring clips in order  tD  deter-

mine whether the steel àad ben proprly heat-treated 	Whether 

additional heat treatment would prevent the elongation that 

is taking place in service. It was also requested that  a 

chemical analysis bu carried out on  the  steel in order to 

verify the fact tat it is SAE 1040. Sugsestions AS  t, 

further requirements yhluh should be added to the drawing 

to ensure proper functioning of these spring clips  in 

service  were also requested. 
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kacro.Feamination: 

The dimensions of the tto clips submitted were  checked 

against those givsn in D.N.D. Drawing No. 10500, and they  were 

found to conform to the specification, However, it was observed 

that the outside diametere a the threads varied from seven to 
ten thousandths of an inch lees than the 5/8-inch specified. 

One of the spring clips  was sprung slightly  out of alignment. 

This defect probably occurred  in  removing the clip from ,  the 

spring assembly. Figure 1 lu a photograph showing the macro. 

etched structure cf one of tho forged clips. 

Figure 1. 

sHainno.  FLOW LINe, OF  FORGING. 

(Approximately e5 actual  size). 
WOMB. 

• Chemical Analyeis: 

The steel forging was sampled for chemical  analysis e  

care being taken to  remove the  decarburized surface  for the 

carbon sample .  The results and the  composition  limite speeifi 

for  SAE 1040 are given in Table  1 0  

(Continued  on  next page) 



Carbon 	0,,ZJ7-0.44 
langanese  -  0.60-0.90 
Silicon 	- 	0.10-0.30 
Phosphorus  - 
Sulphur 

0.04 max. 
- 	0.05 " 

0.33 
0.86 
0.13 
0.025 
0.018 

A. 

11. 
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(Chemical Analysis,  contfd) - 

na."' I. 

Specified 
SAi  _1040   

As 
Found 

Cent-:---  

Hardness Test: 

Hardness  tests  carried out  on a ground surface gave 

e Brinell value .  of  175.  SAE  1035  steel et thie hardness should 

.  have an u:itimate strength  of approximately  85,000 p.s.i. and a 

yield strength of 50,000 p.s.i. 

Ilicroscopic i*amination: 

Cross-sectional specimens  of a  spring clip were 

mounted in  bakelite, polished, and  examined ander the microscope 

in the unetched  condition. Uhe steel was found to be fairly 

clean. After etching  in a solution of 2  per cent nital, the 

steel  was re-examined. Figures 2 and 3  are photomicrographs, 

at X100  magnification, showing the  nital-etched structure  at, 

respectively, the  surface and the  middle section of the forcing.  

Figure illustrates  the extent of the decarburized eurface  and 

Figure shows the  coarse-grained structure of the stea.  The 

structure consists  of  Definite, the iron-iron carbide constituent 

the dark etching material,  and ferrite, the iron constituent,. 

the light  material. 

(Continued on next  pae) 
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(Eicroncopic Examination, cont'a'i - 
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X1G0 9  etched in 2 ,Der cent nita10 

D.WARBMMD SURFACE OF F0aGING. 

;,5„ 

X100;  etched In 2'yeer c:cnt nital, 

SEOWING LARGE UA IN SMUCTURE OF STE -JL. 
1.4.11è 

• Discussien of Results: 

•he dirensiene ef the sprim; clips examined  were 

Inthin the tolerances  specified on  the drawing and ne .:videncc 

of the elongation complained  of was  observeth  ilhe  carb:rm 

content was slightly  lower than.that  saecified  for SAL 1040 

alt 
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(Discussion cf Results, contld) 

steel. The macroscopic examination allowed that the flow  linos 

of the forging were quite satisfactory.  The coarce-grained 

structure ot the steel indicates that  the  pert probably bad  no t 

been heat-treated subsequent to forging, The steel wae heavily 

decarburleed on the surface. Steel in this condition would 

bave much lower fatigue strength and its resistance to wear 

would also be reduced. Surface deoarburization can be prevented 

heatirei the steel  in a controlled atmosphere. The SAE 1040 

steel specified tor these spring clips le considered to be 

satisfactory. However, it Is recommended that  the steel be 

given at least a normaliAing heat treatment after  the  forging 

operation, as thie  would raise the yield strength to about 

60,000 p.s.l. quenching  and drawing would give even better 

properties, and a yield  point of ao,00lo  p•solo could ,be 

obtained by quenching  in oil from 1575° F. and drawing et 

900° F. If it ean be confirmed that this part  is yielding in 

service this heat treatment ie recommended. 
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