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Origin  of Sample: 

A broken crankshaft from a Packard marint  oncine 

was submitted on  January 5th, 1943, by A.Ir Commoddre A, L, 

Johnson, Department of  National Defence for  Air e..  •  Ottawa, 

Canada, 

Oblect of Studz, 

An  examination of the crankshaft was requeste4 

in order to determine, if p)ssible, the cause of failure. 
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Ohencal Analvsls 

from the crankshaft proper d  as well.as 

from the attached dounterweight, were chemically snalysod. 

The re.sUlts aro as follôws 

Cradis.shaft 	Counterwe0G-ht 
• - 4-6r Qar.t - • 

Carbon' 
Silicon 
Manganese 
Sulphur 
Phosphorus 
OhromiuM 
Nickel 
Molybdenum 
Vanad.;Lum 
Tuntston 

0,45 
0,29 
0,81 
0.018 
0 0 014 
0,00 
1.76 
0,25 

Not detected,• 
Nôt d etectad. 

0,22 
0,22 
0.07 
0,027 
0,016 
0,17 .  
Trace. 

Not detected °  
0.017 

Not detected °  

. • 

Macro-Examination: 

A general view of the crankshaft and a closo-up of 

the frectUrod wrface are given.ln Flgures 1,end 2, The 

fracture has the , .appeamace of a -fati .gue - failuro'of the 

duplex  type,  with its nucleus at the st of a fillet In 

•the under side of the crank pin (Point Ae - Figure 2). 

One ei! the Crank pins was sectioned about one-half 

inch  off contro o  pol4shed9  and immiersed for one hour 

50 per cent aqueous 

in a 

solution of hydrochloric acid at 170° P. 

of the piece leave  the foreng near Sonie of the flow lines 

the fillet in the under side of the orank pin (Point B a ' 

Figure 4),  Figure 5 

speemen taken from 

to beà the  nucleus, of 

foreng,at the exter 

la a photograph  of a mecro-étched 

the broken crunk pin  at what In -believed 

f,ho failure, The flow linos leave the 

.rJr'edge Of the fracture (Point C)„ 

The sides of the crànk pins ln that Part of the 

shaft in whidh ?Yad play would occur after fracturb were  

deeply bUrnt. The bearin'cyon the crank pia.throUgh which 

fallure , went was deeply stored, -Some of the other -bearings 

_ 	_ 

	

scorod .muCh .less. ,riceply 	 • _ ° 	
•  
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l'hy31ca1 Examination 

A Q,505- inch tensile bar (2-inc): gauge lengUO 

and an lsod bar we-.\se moAhined  f:-oui;.  one of tho*crank pimî 

perpendicularly te tho nain axia of the shaft, 

U7,500 
1.524,000 

fi3 c,5 
35 

Ultimate stro $s 9  .1)02eio 
Ylold stress„ p e s„1. 
Elongation  Li 2 	por cont 
Reduct1on ln area, per c ent - 
Average izod value, foot pounds - 
Vickers hardness number 

A hard:aces survoy through a crank pin showod that 

the Shaft was homogeneouely hardened. The burnt part or the 

crankshaft had„ ln places„- a Vickers heedne3 number of 

about 645 . 

Microstructure 

Figure 6 15 a photamicrograph„ at 100 diameters e  

of the Inclusions in tho steel near ono of Ult cradkShaft 

fillets, This is the worst  axa disceVtired and Is not 

considered representative of tâo material, Figure 7 depictm 9  

at a magnification of 1000 9  the structure of tbe steel in tho 

crankshaft after it had boon otchod In 2 per cent nital. 

A McQuald-Emn  test re • ealed that the grain size 

was predomin • ntly 8 witb sonn gra1ns.4-6 

Discussion of Results 
7 

Tho composition of this-part follows SAE 4340 

specification. closely °  This type of steel is widely uded 

for heavy crankshafts, 

The discontinuity of sone of the flow lines at the 

Mlet in which fracture is believed to have originated would 

lower the fatigue limit at thls spot, The actual reduction 

In fatigue limit e  however, is tbnught to very with different 



had occurred, 

4 - 	• 

(Discussion of Results, oent'd) 	' 

.materials,'inclusion contents, and the angle at which tho 

flOw lineS'meet tho ureface„ Zn this connoction„ the 

following* ramarlm . bY R„ A, MaCGregor, W, 8, 'OUrn and F, 

Bacon., ln RELATON OP FATIGUE TO 1r,ODERN ENGINE DESIGN 

t.J.eue, North East Coast lu  st, -  EngLneers àâd'Shipbuilders„ 

vol„, 51 9  1935), .mctï  b 	cvt{t. 5? 0 ei 

far„ exporimans have eStablished that  theme is a 
differonce-3...A'fat1gue strength —using plain'speclifflns 
having' the grain running Alwith or across the bar, 
Across the gruin,appoars to.glve  about 15 ' 20 par cent 
U:fflifor'value itt.han with the grain,' 

'The 

Khaft 

 icluSlon content of the  -steel Of this crank- 

Is considEprod to be about norma1 . 

The high hardneso on tho burnt par/GS of the crank 

pins shows that those woro e  in spots, heated above their 

This and the locations of the 

seem to indicate . that the engine was'run after 

or this reason, the scoring on 

burns would 

fracture 

.1-.4o boar:Ingo 

critical point,. 

was probably not present before failure started, 

The material in this crankshaft seems .to he. a 

.stool of normal quality, accorded.an aoco2tab1e_hpat 

treatment leth res.Utant satisfactory physical - propertiOs„ 

C ONOI2 SI ONS 

The eziumination Shows flow-line d.tscontinuity as 

tho only discovered metallurecal defect, It is felt that 

the burning and 

fatigue failure, 

scoring of the shaft occurred after tho 

If this haà . not boen,tha,case, high 

tommoratures„ such as must have boon present to hard .an the 

metal, would have.led to the fatigue failure by severely 

stroseng the Metal at the surface. . 	. 

It Is extremely difficult to-dlagnose conditions 
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f,Conclusions e  cont , d) - 

for failure solely from a netallurecal examination »  ao 

d$fect rethor than motallurecal deficiencies 

are mors of•on the cause of machino fallure Certainly»  

if only a comparablvely few of those shafts are falling 

in sevvice the trouble Is :m.c:e likely to be mechanicàl, 

Such t;hings as &efts out of balence Wlich the boat 

operator would. be  aware of prior to fallure) elastical 

dote:motion of the shaft in twisting and bonding In service, 

so that the bearings would be only partially ottective in 

supporting the load (a conditin which would etow up as 

plastically deformed or "be).l-mouthodn  bearing03 shaft 

vibrations and loading (eweeding tàose usually encountered 

in service (and which would also be Imown to the boat 

operator),e would all be more likely causee of failure than 

any metallurgical defect °  

While it is dj:.fficult to be doulat.îi3 2  in  tho 

abeence of complete evidence »  it lo felt 	ftilure in 

this case may well have been duc to mechanical causes 

with' flow-line discontinuîty a contributing causo u  

It is fait that thie eYamination is only one of many whore 

metallurgical and mechanical investigations eihould parallel 

• each otheer 

Scientific elot-blasting of portions or all of 

this crankshaft may pessibly lead to a decrease in the.  number 

of failures being encountered, as this shot-blasting would 

certainly raise the fatigue strenrqth at crdtical zones °  

0000000000000000 
00000000 

00 
LPTGEB 0  
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VIEW Ok4' .TCHED CRANK PIN 
SHOWING ATTAOFEU WEIGHT. 

(Approxinntely * size). 

Figure 4 

FLOW LINES NEAR FILLETS 
IN UNDER SIDE OF CRANK PI:N O  

(Approximately to size). 



Figure  6. EIGLIre 
■•■ 
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Fivre  5. 

(Approximately 2-1- magnification). 

MOM. 

X100„ unetched, 

INCLUSIONS PRESENT 
IN THE STEEL. 

X1000, nital etch. 

STRUCTURE OF STEEL 
IN CRANKSHAFT. 

••••• 

LPT:nEB. 


