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Report on a stub-Axle from 
a 2-Pou.nder Gun. 

Origin of Problem and Nature of Investigation: 

A latter from the office or the Director of 

T hn. 1 R h (H.Qo 45-i-75 DT R) D t t f ac ica esearc (HoQ. 46~61_4 •• ")' epar men o 

National Defence, Ottawa, Ontario, dated November 13th, 

19401 asked for a report on the probable cause of failure 

of a stub-axle from a 2-pounder gun. 
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Hacro-Examina.tion: 

Figure 1. 

A.xle as received. 

The axle wae machined out of a piece of bar 

stock. Fracture occurred at the base of the axle. 

Figure 2. 

Fracturod surface. 

(Continued on next page) 
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{Macro-Exruninat1on., cont 'd) -

Figure 2 shows the nature of the fracture. 

Smooth creacent-shaped ·ratigue cracks can be seen on 

opposite sidas of the shaft., reducing the eff'ecti ve cross

eection to about 70 percent of its original area. 

Figure 3. 

impact test • .x2o 

In preparing semples for impact end micro

examination., a flaw was uncovered. This is shown in 

Figure 3. As the surface ahown at {A) in Figure 2 was 

machined down., a crack appeared. A cold chisel waa used 

to pry open the crack and expose the flaw. The defect 

as ahown in Figure 3 is about l-3/8 inches long and 3/8 

inch wide 1 running perpendicular to the surface of the 

bar stock. 
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Mlcro-Exrunination: 
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Figure 4. 

Edge of fracture. 
xlOO, unetched. 

Figure 4 shows the fractured surface passing 

throueh a dirt cavity. 

Figura 5. 
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Dirt inclusions in steel. 
xlOO, unetched. 

_,, 

The metal contained a considerable quantity of 

dirt, as ia shovm in Figure 5. The inclusions tended to 

be gt'Ouped in e.reas. The fracture re.n through qu1te a few 

foreign inclusions. 

(Continued on naxt paee) 
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(Micro-Examination, cont 'd) -

Figure 6. 

Stub-A.xle. xlOOo 
{Nite.l etch). 

The structure shown 1n Figure 6 is that of a 

fine-grained alloy steelo 

Stub-Axle. xlOOO. 
(N1 tal etoh) o 

The distribution of the carb1des is sho\m in 

Figure 7. This 1s typical of a good quality nickel steelo 

(Continued on next paLe) 
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(Micro-Examination, cont 1d) -

Figure 8 .. Fi&.-ure 9. 
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Edge of flaw. 
xl00., unetched. 

Edge of .flaw. 
x500., unetched. 

Exa.mination of the flaw shown in Figure 3 

shows a layer of slag on the surface of the flaw. This 

sle.g 1s oomposed of oxidea and silicates. The metal 1s 

decarbur1zed at the surface of the flaw. 

Hardness: 

Tests taken across the diameter of the shaft 

show a uniform hardness of 350 v.H.N. 

Impact: 

A test piece eut parellel to the rolling axis 

gave an Izod impact value of 84-87 foot pounds. 

Chemical Analysis: 

Stub-Axle 
as found. 

Carbon 
Manganese 
Silicon 
Sulphur 
Phosphorue 
Chromium 
Nickel 

0.33 
0.65 
0o26 
0.,031 
0.029 
0.21 
2.96 

(Per Cent) --Two ateels recommend,~d by their manu-
facturera for us in a.xles. 

s.A.E. 2335 f=,1-r~th~F-N---3----

0.30 - 0.40 
o.so - o.ao 
0.15 - 0.30 

0.04 max. 
0.05 max. 

3.25 - 3.75 

0 .. 25 - 0.40 

2.75 - 3.25 

(Continued on next page) 
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(Chemical Analysis, cont'd) -

The analysis corresponds to that of nickel steels 

commonly used for axles. 

DISCUSSION OF RESULTS: 

Mach1ning -

The rough machined surface on th1s rude lowers its 

bending fatigue strength. According to Sachs (Iron Age, 

Sept. 5, 1940), a ground finish would probably have 20 per 

cent greater bending fatigue strength. 

Flaw -

It 1a apparent that; a slag-and-oxide seam existed 

in the billet. This was not diacovered after rolling although 

1ta decarburized surface indicates that the flaw extended to 

the outside of the bar. 

The slag seam shown in Fi6-ure 3 1s not in a part of 

the axle which 1s under stress. However., it 1s possible tha.t 

the lot of steel f'rom which thi s axle was made may have mOJ."e 

flaws in it. The metal may be classed as "unsound". 

Foreign Inclusions -

Foreign inclusions., or "dirt", affect the physical 

properties of metal., especially its resistance to alternating 

stresses. Without having had the opportunity to run fatigue 

tests on this lot of steel we cannot state the exact effect of' 

these inclusions. However, it 1s significant that the frac

ture passed through a group of inclus1onso Most of the 

"d1rt II i s in the form of oxide s. 

:Microstructure -

The structure of the metal shows finely dispersed 

oarbidee indicative of a satisfactorily quenched and drawn 

alloy steel. 
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(Discussion of Results, cont 'd) -

J!n~act Strengt:h ~ 

The steel is stronc and tough . If no serions 

foreign inclusions or flaws were present, and the machined 

surface were smooth» this material should give good ser

vice under severe conditions. 

Ha.rdness -

The hardness (350 V .H.ll.) indicates that the 

tensile strenGth of the ma.terial is about 165,000 p.s.1. 

and the theoretical fatigue strength 1s about 82 1 000 p.a.i. 

Hardened steel is very sensitive to notchea, flaws, and 

inclusions. The se defects lower the actual fatigue strength. 

Soft steel is less sensitive to the "notch affect", 

therefore its actual fatigue strength is not a.ffected eo 

much by minor flawso 

The influence o.f hs.rdnesa on the sultability 

of machine parts similar to an axle is ehown as follows: 

V. H. No = 

100 

Remarks. 

Too plastico 

Unsatisfactory because of low fatigue 
strength. 

200 Suitable for rough machined parts. 

300 Suitable for smooth machined partso 

400 Suitable fer ground finish parts. 

500 unsat1sfactory because of high notch 
sensltivity and brittleness. 

Chemical Analysis -

The analysis is thnt of a medium carbon nickel 
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(Discussion of Results, cont'd) -

(Chemical Analysis, cont'd) -

steel. Steels of this type are consià.ered satisfe.ctory 

for use as axles. 

Conelusi on s; 

HHF:PESo 

l.. The metal ie strong and tou.gh. 

2. It is bard enough to be very sensitive 

to notches or "strass raisers". 

3o Flaws in the metal probably acted as 

"stress raisers" and lowered the 

actual fatië--ue strength to the point 

where the axle failed. 
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