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ABSTRACT 

An investigation was made to determine tensile and impact prop¬ 
erties of investment-cast steels used for small arms components. 
Tensile bars of 1/4-inch diameter were cast to finished dimen¬ 
sions. Impact bars were cast to allow for the machining of 
standard Charpy V-notched specimens. All tensile and impact 
specimens of each steel were heat-treated simultaneously and 
tempered at selected temperatures so that four levels of hard¬ 
ness could be obtained. Test results indicated that consistent 
and reproducible mechanical properties can be obtained for cast 
components when the castings are adequately gated and heat-treated. 
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SUBJECT 

Tensile and Impact properties of investment-cast, 0.40 per cent 
carbon, low alloy steels were investigated. 

OBJECT 

The object of this investigation was to obtain data to deter¬ 
mine the specific tensile and impact properties for investment-cast 
steels generally used at Springfield Armory for small arms weapon 
components . 

CONCLUSIONS 

1. Results of the tensile and impact tests performed on the 
investment-cast steels investigated indicate that consistent and 
reproducible mechanical properties can be obtained for cast speci¬ 
mens when adequately gated and heat-treated. 

2. The cast 4140 tensile specimens exhibited the highest 
tensile and yield strengths with the highest hardnesses after 
tempering at the selected temperatures; the 8740 steel specimens 
exhibited the lowest tensile properties primarily due to the lower 
hardness . 

3. At comparable hardness leveis up to approximately Rc 45, 
4340 cast steel displayed the greatest resistance to Impact and 
4640 steel the least resistance. A noticeable decrease in impact 
resistance occurred In the specimens tempered at 600°P, the blue- 
brittle tempering range for the steels investigated. 

4. Comparison of the strength of wrought steels having basi¬ 
cally the same composition as that of the cast specimens is shown in 
Table VII. A direct comparison of the cast and wrought materials is 
not given because of differences in directionality of the material, 
chemical composition, gage lengths, and diameters of test specimens. 
The lack of sufficient data on Impact and tensile properties of the 
wrought compositions in the transverse direction prevented a more 
thorough evaluation. Because of the Isotropic character of the 
castings, a more favorable relationship of longitudinal properties to 
transverse properties could be expected. 
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1 . PROCEDURES 

a. Patterns 

Wax was used as the pattern material for the investment castings. 
A slight modification at the gated end of the Charpy bar was made to pro¬ 
mote desirable directional solidification in the castings. 

b. Gating 

Sketches of the gating used for the tensile and Charpy test speci¬ 
mens are shown in Figures 1 and 2. Radiographic examination of the first 
group of test bars cast indicated that the castings were sound and ade¬ 
quately gated. 

c. Casting Techniques 

Each heat consisted of 15-1/2 pounds of wrought bar stock melted 
in an induction furnace. Cast iron shot, ferromanganese, ferros il icon, 
calcium silicon, and aluminum were added to the heats to compensate for 
melting losses and for deoxidation. Pouring temperatures ranged from 
295C°F to 2975°F. Mold temperatures were held at 1600°F. 

d. Heat-Treatment 

All teat bars were given a carbon-restoration treatment before 
final heat-treatment. Pinal heat-treatment consisted of heating the test 
bars in a neutral salt bath followed by oil-quenching and tempering for 
one hour at the desired temperatures. The austenitizing temperatures 
used for each of the steels were as follows: 

(1) 46A0 1475°F 

(2) 4340 1500°F 

(3) 4140 1550°F 

(4) 8640 1525°F 

(5) 8740 1525°F 

-2- 
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2. RESULTS 

a. Chemical Composition 

The results obtained from the analyses of one Impact bar 

taken from each melt are given In Table I. The heat designated as 

8740 is, In reality, 8640 steel due to its low molybdenum content. 
The composition of the heat of 4140 steel was at the upper end of 
the permissible range for alloying elements. Except for the 8740 
steel, all of the cast compositions were comparable to the analysis 
specified for the wrought composition In Federal Standard 66. The 
silicon content of the castings ranged from 0.41 to 0.48 per cent. 
This silicon content is well within the 0.20 to 0.80 per cent 

specified at the Armory for the cast compositions. 

b. Hardness 

Hardness readings on individual specimens are Included in 

Tables II through VI of the test results. A minimum of three read¬ 
ings were taken on the machined surfaces of both the tensile and 

impact specimens. 

c. Impact Testa 

All of the Charpy test bars were finish-ground and notched 
after final heat-treatment to meet the dimensional requirements of 
the standard V-notched specimen (Figure 3). Results of Impact tests 
conducted at room temperature are listed in Tables II through VI. 
Comparison of the impact strength of the cast steels tempered at the 

selected temperatures is shown in Figure 4. 

d. Tensile Tests 

The threaded ends of the cast tensile bars, shown in Figure 

3, were cleaned with a threading die to eliminate slight irregulari¬ 
ties and globules of metal in the cast threads. Testing of the 
specimens was conducted on an Instron tensile tasting machine equipped 
with recorder. Yield strength was obtained with 0.2 per cent offset. 

Results of the tensile tests are given in Tables II through VI. Ten¬ 

sile and yield strengths of the cast and tha wrought materials, at the. 
same hardness levels, are compared in Table VII. The values expected 
for the wrought materials are taken from the longitudinal direction. 

The higher values obtained with some of the cast bars as 
compared with similar wrought compositions can be attributed to the 
smaller sire of the cast bars. A more thoroughly quenched micro¬ 
structure could be expected in the cast specimens of smaller diam¬ 
eter. Slight variations in the chemical compositions could also have 

some Influence on the results. 

Results of the comparison of tensile and yield strength of 

cast steels are shown in Figures 5 and 6. 

-3- 
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2. RESULTS 

s• Metallographie Examinations 

Sections of the tensile test bars tempered at 800°F from 
each of the cast steels were examined for microstructure and for de- 
carburlzation. 

(1) Unetched. Inclusions in all of the specimens 
were of the globular oxide type. These were 
small and well distributed throughout the sec¬ 
tions examined. A greater number were observed 
in the 4640 and 8640 steel specimens. 

(2) Etched. The microstructure in all specimens 
consisted of fine, tempered martensite with 
fairt traces of the original dendritic struc¬ 
ture. Decarburization was not evident in any 
of the specimens examined. 

-4- 
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