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ource  of Material and Obloc 4; of InvestUAILM: 

On June 30th, 1943,  Fit ./st  E. J. Cassidy, 

Resident Insoetor, Trans-0ana ,:1a Air Lines, Winnipeg, 

:anitoba„ Sent in a broken spider arm taken from a Hamilton 

andare Propeller, type 12D40„  Serial No,  76762. 

On July 10th, in a letter (File No. 902-69-6, 

DAI) written for Chief of the Air Staff, Department cd: 

Uational Defene for Air, Ottawa,'Onario,  WO A.  J.  Smith 

stated that It  raz  reported  that when the  propeller was dis-

mantled  the sper was  found to  be  almost completely cracked 

throuGh and as 3 00n as the barrel was removed,  it  had 

completely separated. A full mt,tallurGical examination of 

the bre7.œn part was requested,  n  order to determine,  if 

possible,  the cause of fanuce, 
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Macro-Emamin2tion: 

7i ,pre 1 is a photograph showing the broken cpid.r 

as receivod at theze Laboratories. 

,Figure  1. 

• DEOKU nï, r):::A AS 17_11C2IT:21). 
(A7-)proximate17.  1/3  E.ctual size).  • 

The fracture vas of tho duplex type. In  Figure  2, 

the Lre, is  3rtc show , ,creor_trio circles wiiginatinG from 

lines zerked 	 -rr 	jre 3 n 	 tool 

mark 1-.1ay bo obr,orvcd at 	Another sharp tool mark cf.,n  olso 

on 17-iure •3,) on the oppeeite inner Fdde cf 

7... 	 : - - c tu' 

(0e 	 3, and) 
( -1 on 	puLt? 
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(Macro-Examination,  con d)  

Fiure  

(Approximatel7 twice actual 

• 

(Approximately i size). 
• •  

(Approximately ù size). 

PHOiOrliUNIS OF FRACTURE. 

(f.;ontinued cri  ne -2zt page) 
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(Macro-Examination, contIO 

Figure 5 shows a section of the spider which was 

given a macro etch, at 160 0  to 180° F. for 1* houra, in a 

solution of 50 per  cent Hel in water.  It will be observed 
that the flow lines cut into the fracture which occurrrxi 

along AB. 

Figire  

SECTION OF SPIDEa,  MACnO-ETCH.W. 
(APproximately  1i3 actual  size). 

11emical  

The steel  was found to have the following  compomi- 

tionl 

Per cent   

Carbon 	- 	0.42 
Manganese 	- 	0 0 74 
Silicon 	_ 	0.28 
fhosphorus 	- 	0.015 
Sulphur 	- 	0..018 
Nickel 	 .. 	1.74 
Chromium 	._ 	0 0 00 
Mol7bdeLuill 	_ 	0.20 	

. 

Vanadium 	- 	None detected. 

2hysical Tests: 

-Tensile,  Izod,  and. hardness tests  were  carried  eut  
on test spocimens machned  from  the forging. The following 
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(Physical  Test e , contld) - 

results were obtained: 

Ultimate strength, p.s.i. 	 - 	203,500 
0.2 per  cent proof strength, p.s.i.  - 	198,400 
Elongation, per cent in I inch.  , 	- 	6.0 
Reduction in  area,  per cent 	 - 	19.3 
Brinell hardness 	 - 	415 

'Diameter of  test bar,  in inches 	- 	0.282 

Izod impact  strength, foot pounds 	- 10,  10,  10 

($  Broke outside of gauge mark.) 

A  piece  of steel, quenched  In oil from 1525°  F., 

drawn  at 600 °  F.,  and quenched from the draw, was  found to 

have an impact strength  of  //  foot pounds. 

Microscopi e   :xamination: 

A section of the steel was  cut fremthe broken 

shaft at the point of  fracture,  mounted  in  bakelite, polished, 

and  then examined under the microscoDe  in the unetched condi-

tion. The steel was found to be fairly  clean.  The specimen 

wae  next  etched  in a solution of .4 par cent  picric  acid in 

slcchol and 'e-exmminod.  1"Iè;urz  6,  a  photomicrograph at 

X1000  magnification, shows the  etched structure  of the steel 

in the  "as  recelvecrcondition,  the structure  consisting of 

drawn  martensite.  Small areas of ferrite  (the white  consti-

tuent)  are interspersed  in this matrix.  Figure  7  shows  the 

etched structure Cf  the steel after  quenching ln  oil from 

1525° F. and drawing at 600 °  F.,  the  steel  being  quenched 

from  the drae; temperature, It will be observed that  the  free 

ferrite has  been -eliminated. 

(continued on  next page) 
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(Microscopic  Examination, contid) - 

Pinliro 6. 

X1000 9  picral etch. 

7:L  IN  TUE  "AS  UECELVID"  CONDITION. 

X1000, Picral etch. 
CONDITION OF 

STaLL AFTER  HEAT TREATMENT. 

• 
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Discussion of Results: 

With the exception of the molybdenum content,  the 

composition of the  steel is within the  limits specified for 

SAE 4340  steel. The  molybdenum required  by the SAE specifi-

cation  for thia  steel  is  C.30  to  0.40 per  cont. The  lower 

molybdenum content may result in a tendency  to  temper brittle-

ness; conseeuently,the  steel examined should be quenched after 

the drawing operation. SAE Steel 4340  is regularly  seecified 

for this type  of part and is an excellent general utility, 

sough strength  alley. 

The  fracture definitely is of  the  fatigue  type. 

As surfaces always are wcaleer, the probability is,  then, that 

failure  originated from  the two points  AA  and BB.  However,  it 

Is  not  possible to say whether the fracture started from the 

outside or from the inside curfaca. In the absence or equality 

of stress  raisers  one  would  expect  the former tù be the case, 

as the outer fibres would be leore heavily streseed. Shot-

olastinG  of  the  spider would definitely improve its resistance 

to alternatine stresses, as it would ensure a much better 

stress distribution. 

The flow lines  in the  forcin; do not parallel the 

surface at the point of fractnre.  Fatigue life woule have 

been improved had they done so,  but  in  forcincs of this type 

perfection Ln flow liner] et  all  sections is not to be expected. 

The fatigue, therefore, is not attributed to poor forcing 

practice. However,  the  deep  tool  marks shewn in  the  inside_ 

surface  would most c?rtainly  have  aceted as  •strees raisers, 

especially in such a  herd  materDal as the  steel under examina-

tion, and  may possibly have contributed to failure. 

The ulLimate streneth, 0.2 por cent proof stress, 

and hardness values obtained froia this steel are those that 
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(Discussion of Results, contld) - 

would be expected after a quench in oil from about 1525 °  F. 

and a draw around 600 ° 12. The elonuÂtion and reduction of 

area are low for a steel of this composition and the postulated 

heat treatment, the first because the test specimen broke 

badly, the second probably because of the small-sized test 

specimen. The Izod  values are  also low.  This is not due to 

temper brittlenese,  as a steel quenched from the draw had similar 

low impact properties. 

The free  ferrite  revealed by the  microscopic examina-

tion of the  nas received" material is of  the type that precipi-

tates when the  cooling rate  Is  je%st under the  critical value. 

This investigation ?hews that this  free ferrite can be eliminated 

by  a standard oil-quenching procedure. The  free ferrite 

present would probably  have an unfavourable effect  on  both the 

fatiGue and the impact strengths. 

Conclusions:  

1. The  composition of  the steel used  and the 

forEing are considered an satlefactery. 

2. The break wae a characteristic  fatigue  fracture 

of the duplex typo. 

Roub'h  machine  grooves  were found to be  pro sent  

in the broken forging shaft. These may have contributed to 

the failure. 	 • 

4. The steel was not prooerly heat-treated. 

Recommendaeionse 

1. iachine  practice should be chocked, so  as J,;() 

eliminate deep tool  marks. 

2. The part- enould be ehot-blaeted, 

Tho quenching  rate should be increaeed In order 

that  a  uniform structure may be obtained. 
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