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Origin  of Sample and gpject  of Inveetigation: 

A Pratt & Whitney aircraft engine crankcaso  centre 

section was submitted by  tan s -Canada Air Lines,  Winnipeg, 

Manitoba, on April 17, 1945, with a covering letter,  File  3810-1, 

from  J. T.  Dyment, Engineering Superintendent.  The centre  section 

was  considered defective  because of fine cracks adjacent to 

the cylinder  studs  at right angles to  the radii of  the cylinder 

pads. The  location and  length of the  cracks were listed in  a 

sheet attached  to the  letter. 

The crankcase centre section  was stamped  TCA50' 

15715-1.  .  The  cylinder pads were stamped  with  even  nulubers  2  to 

14  on one  side end  odd numbers 1  to 13 on  the other.  The  extent 

of  the cracks in  the centre section  was indicated  by  centre punch  

marks. 

(Continued  on next page) 
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(Origin of Sample and  Object of Investigation,  cont , )  - 

Request  'vas  made for a meta.Liurgical Investigation 

to determine: 

1. Whether the cracks were caused by defective uaterial. 
2. Whether any relationahip existed between the length and 

breadth  of the cracks. 
3. Whether  the  cracks would develop rapidly undor service 

stresses. 

The  crankcase centre section as received i3 illustrated 

in Figure 1. The location of  the cracks, indicated by punch 

marks, is shown in Figure  2. figure 3  is  a  full-sized view of 

the crack between cylinder  parts 3 and 4. 

/411,:;ure 1 

PRATT Pr WHITNEY CRANKCASE CErTRE 
SECTION, TOP VIEW. 

(Approximately 1/6 size) 
MO. 

2.1211119A1_121.1187111: 

The àhemical  analyste of the  aluminium alloy, as 

determined by the Bureau of Mines laboratories, was  an follows: 

(Continued on next paGe) 
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R=ainder. 
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(Chemical Analysis, contld) 

Eiement Per Cent,by  Wei 	Nominal Com2221.Allo  
Aloa A51S 
(Ac. 515)  

Copper 	 0.09 
Manganese 	- 	0.01 
Magnesium  
Silicon 	 0.91 
Iron 	 0.45 
Chromium 	- 	0.12 
Titanium 	- 	0.04 
Aluminium  - 	hemainder. 

•  dINIMIRM.11••••■•••••■•••.......,...,... 

The chromium content is very slightly below the 

'  specified 0.15 per cent minimum. 

glee  2 . 

SIDE VIEW OF CRANKCASE  CENTRE  SECTIOE, SHOWING 
LOCATION  OF CRACKS. 

(Approximately  1/5 actual  size). 

Mechanical Tests: 

Micro  test bars  (0.160-inch diameter, 0.60-.nch gauge 

(Continued  on next page) 
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length) were cut  at various orYentat!o:,s, 'Ve'r-t1ce1 

perpendicular  to t'ae partri i 1 a!,(1 Of the forgin  dls, Tri 

yore 3  means parallel tc ■-,he i.7;rtini; plane  Y  the  forg  dies 'Çnt 

	

at  right angles  to the ma  'n  radius 	the  zentre  sect - on.  Lone- 

tudinal means  2areliel to tr- 	 PI: the  ft -gine dies 

ana  aloni;  a main radius  ) 

The  tensile )roperties as determined  by  micro  test 

bars  were  as follows; 

	

.Yield  3treneth, 	Ultimate  treni.:th, Elongation ;  

	

thousan._Le.s,i, 	thou:eund   p.s.i. 	_Ïer cent 
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Trie  values  for  )fle  fUl-sized test bar  cut  diaonallj 

were  

Ty,picel VU2.:1C..5 for tr.is 	 art: 

Lizure 5, 

CUA.CË.2 };TWEEN  :'Jr21),S 
BETWEiN CYLINDEb:S 3  An)  4, 

(Approxlmutely  to size), 
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Macrostructure: 

The flow lines ot the  forging  as  they appeur in  a 

radial section  are shown in Figure 4.  Because of the symmetry 

of the crankcase centrc  section, the flow lines are similar in 

all radial sections.  The area in  which the cracks occurred 

is beside the  stud on the face machined for the cylinder flange. 

It can be seen that this is an area of dead  flow where the top 

and bottom nog linse  diverge. 

neure 4, 

X5/6, Tucker's etch: 
GhAIN FLOW IN RADIAL  SECTION.  

Microstructure: 

Sections through  a number  of the cracks were polishf,J 

and examined microscopically, Figure  5 illustrates 	nature 

of the cracks. This section was taken from between cyrulder pads 

4 and 5. This crack is about 3/8 of an inch deep. F1f2;ure  6 iS 

a photomicrograph of a shallower crack (1/32-inch deep)  between 

cylinder pads 7  and 8,  Figure  7  is  a  photomicrograph  of the e . axe  

crack as in Figure 6 but at four  times  the ragnificatien. 

(Continued on next page) 
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(Microstructure, contld) 

Figure 7 illustrates thE.. fine  size  of the constituer 	but 

'shows the tendency of  the  cracks  to follow  the constii;vent 

Fic-urs 5 • 

X18, lieller's etch. 
DEEP CRACK BETnEN CrIJIND1R5 4 AND 5. 

Discussion  of  Results: 

The  chemical analysis is aporoximately 

The lower  Chromium contant Is without effect In  this  ‘ase, 

(Continued on next page) 
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(Discussion  of  aesults, conttd) - 

The tensile properties combine a high yield strength 

with low elongation.  Th a elongation  rails  to particularly low 

values in directions perpedlcular to the forging grain flow 

The region where the  cracks occur  haa not  a favourable grain 

flow to resist tensile forces between adjacent cylinders. 

EIZMre 6 . 
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xleo,  etched in  0,5  per cent  hydrofluoric  aoid. 
CRACK  BETWEEN  GYLINDER  7  AND  8 

.7CIr 

At  higher magnifications the cracks  were  seen to 

be jagged and perpendicular to the surface; characteristic of 
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(Discussion of Results. contU1  - 

fatigue cracks.  The cracks penetrated  to depths of  less  than 

one-quarter or  the surface lenrtn.  This lack of penetration 

would indicate  concentration of  the stress at  the surface  of 

the forging. 

wir,ure  7 

X600 eche1 1.n 	per cent  hydrofluorec  Rzid o  

UF  Loeu  r'nT OF  CRACK  r.  FIGURE  6 

The :Iracks appear  to be  caused  by the 	i.W1Zt 

factors, listed  in order  of importunce: 

Lonc, service  life of 4 0586 hours. This  operatirg 
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(Discussion of Resulte, cont , d) 

time, which is possibly fouretimee the normal, would lead  to 

fatigue failure even with moderate  stresses.  This  Bervice 

life Corresponds to about 250 million oomplete cycles of 

stress. Corplete fatigue teste are mostly limited.to  100 

million cycles. 

2. Stress concentration caused by  the adjacent 

positions of cylinder hold-down etude for the  front and rear 

rows of  cylinders. This condition Is illustrated by Figure 

3 . which shows the  short distance between  the atuds. The geo-

metry of the part,  that is, the merging  of one cylinder pad 

face into en adjoining one in the other row, does net appear 

to have had any effect because the crecke  do not follow the 

demarkation line between the cylinder pad faces. 

3. Propertiee of the material.  The mechanical 

properties  art  slightly low but not enough to account for any 

unusual behaviour.  The adverse grain flow  in the region where 

cracking occurred brings the properties, particularly the 

elongation, to the lower end of the range.  These can only be 

considered  as subsidiary influences. 

Conclusions: 

The aircraft engine centre section developed shal-

low fatigue  cracks at locations of stress concentration 

between adjacent cylinder etude after  an  extended serVice 

lite, Redesign of the  part to reduce the etress concentra-

tions and substitution  of an aluminium alloy of hier  fatigue 

strength would be required if  it 18 contemplated to eperate 

all crankcaces for this period.  ' 

The material•ebowed no defects which wour.'. cause 

premature failure. 
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