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Macroscopic  ExaminationJ 

Figure 1 is  a  photograph showing  the  two  castings 

as received for examInation. The two castings appeared  to 

have been made from sound metal and were free from  surface 

defects. 

Figure 1. 

CAST IRON CONNECTING  RODS. 

(Approximately 1/4 actual  size.) 

Chemical Analysis: 

The castings had the following chemical  composi- 

tion: 

Connor 	Alloy  Foundry 
gAs_naL_ 

Par  Cent 

Total carbon  -  3 034 	3.08 
Graphi  tic  

carbon 	-  2.64 	 2.23 
Combined 

carbon 	-  0.70 	 0.82 
Manganese 	- 0.67 	 0 42 
Silicon 	- 2,53 	 2.29 
Phosphorus 	-  0.338 	 0 , 506 
Sulphur 	-  0.108 	 0.122 
Chromium 	-  Nil. 	 Nil. 
Nickel 
Molybdenum 	" 

Note:  All  determinations carried  out' in 
duplicate. 

• a' 
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Mechanical Propertiesg 

A tensile test bar was machined from each of the 

castings. Those bars had the following mechanical .proper- 

. ties 

Connor Alloy Foundry 
Bar 	Bar 

Ultimate stress, p.s.i. 	29,300 	34,100 . Brinell (3,000-kg. load) 	187 	 241 
Sise  of test bar, inches 0.49 x 0.546 0.495 x 0 3 551 

Heat Treatment 

The following experimental heat treatment tests 

were carried  out  on additional Alloy Foundry castings in 

order to improve their mach:Inability. 

Annealine Data. 
Connedt- Brineli 

ng Furnace 	 Hardness 	ilemarks 
Rod NO. r. 	Us 01.1 	I 	11j.nutesiU7Ï'orci-U7-Fèrc 

J. 	Small Vapocarb 1410 	60 	241 	201 ) 
a . 

60 

U  

ft 

	

2 	Large Vap,ocarb 	1500
•  5  

	

4 	It 	 11 	1350 

	

5 	rî 	n 	1350 

	

6 	IQ 	 tt 	1350 

	

7 	f2 	 tR 	1550 

	

8 	lu 	It 1550 

	

9 	St 	 It 	1350 

	

10 	a 	a 1550 

	

11 	tt, 	ft 	 1350 

235 	146 ) 
235 	149 ) 
255 	229 ) All 
241 	179 ) samples 
241 	159 ) cooled 
241 	207 ) in the 
229 167 ) furnace. 
229 170 
229 163 
229 	156 / 

STY 

idleroscop.,4_Examination 

Specimens cut from the "as received" and %oat 

treated" castings were polished and examined under the 

microscope In the unetched condition and also after etching 

in 2 per cent nital. The two "as received" Irons were 

characterized by a fine graphitic structure (see Figures 

2 and 3). The nital-etched structure of the Connor iron 

and the. Alloy Foundry iron are Shown in Figures 4 and 5 

respectively. 

(Figures 2, 5 and 4 follow, ) 
Lon P. ag0 
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(Microscopic -,,xamination, conttd) - 
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X100, unetched. 

"AS RECEIVED" 
CON.WR CASTING. 

X100,  =etched. 

"AS  RECEIVED IR 
ALLOY FOUNDRY CASTING. 

fee 

Figure 4. 

X1000, etched in 2 
per cent nital. 

J. H. CONNOR CAST  IRON. 
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Figure 5. 

f .  

etched la 
par cent nital. 

ALLOY FOUNDRY CAST IRON. 

- 

The structure of the graphite of the Alloy Foundry 

cast iron after annealing for one hour at 14000  F. is shown 

in Figure 6. It will be noted that the graphite is not as 

finely divided as in as  received" iron (Figure 3). The nital-

etched structure of the annealed Iron 1.3 shown in Figure 7. 

Figure 6. 
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4.1  

:U000, etched in 
2 per cent nital. 

licroscopic  x  inaion 	on-e, 1  

Figure 7 

ALLOY FOUNDRY IRON ANNEALED AT 1400 0  P. 

Discussion  of Results: 

It has recently been shown that the machinability 

of cast iron can be controlled by controlling the carbon 

equivalent between certain limits, the carbon equivalent 

being expressed by the following formula: 

= T.C. + .3(Si + P) 
Ideal Limits C.E. = 4.25 to 4,30 
C.E. 	Carbon equivalont 
T.C. = % Total carbon 
Si = % Silicon 

= % Phosphorus 

App1ying, this formula to the Connor and Alloy 

Foundry irons, we obtain the following carbon equivalents 

of these irons: 

I. Connor Iron - 

C.E. = 3.34 .4 .3(2.53 	•536) 
= 4.20 

IL alloy Foundry Iron - 

C.E. = 3.08 	.5(2.29 	,506) 
= 5.92 

It will be observed that the Connor carbon equi-

valent is closer to the ideal limité than is the Alloy 
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(Discussion of Results, conMd) 

Foundry iron, A charige in the chemical composition, 12 

other factors will perMit, would give an Iron With somewhat 

lower tensile strength but better machinability. 

A possible method which would accomplish the $aoe 

purpose without lowering the tensile strength of the irOn 

us the addition or silicon in the ladle. The technique or 

this procedure would have to be worked out in the foundry. 

The machinabillty may be improved by annealing 

the iron between 1550 °  and 1500°  F. This., or course, lowers 

the strength of the Iron. The temperature  choc en  for 

annealing will depend generally upon the composition and the 

initial hardness of the iron. Xn the tests carried out in 

these Laboratories, on nix out or eight connecting  rode 

 annealed for one hour at 1550° F. the hardness was reduced 

from Brinell 229-241 to Brinell 156-179. 

In order to obtain a Brinell.hardness below 200 on 

some of those castings, It will be necessary to anneal at 

1500° F. However, tests have shown that 75  per  cent of the 

castings can be softened below 200 Brinell with an anneal . 

heat treatment at  1350°  F. for one hour. 

Conclusion 

This investigation shows, on the basic  of chemical 

. composition, photomicrographs and mechanical tests,,that.the 

Alloy Foundry metal is a better quality iron, showing a 

higher tensile strength and hardness Prom the photomicre' 

graphs It can be seen that the. graphite in the Alloy Foundry -

:Iron Is finely distributed whereas in . the Connor Product 

the graphite Is more coarse and flaky. Those characteristics 

of the Alloy Foundry iron tend to make it more difficult to 

machine. It will be observed that the Connor iron. approxi- 
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(Conclusion„ centîd) 

mates the Carbon Equivalant formula more e1oi3ely than 

acm3 the Alloy Foundry Iron, Methods of Improving ths 

maohinabillty of the Alloy Foundry produçt are augested 

it the above (Useuscion. 

000000000000 

00000000 

00 

NE-1.B ;%113 


