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Unti.12 of Material and  _21.2.129t  of  Investiciation: 

On September 20th, 1940, Mr.  T. H.  Blake 3  

Inspector-In-Charge,  4°D  S.  flop  Ottawa Car and Aircraft 

Limited, Ottawa, Ontario, brought in six  aluminium  alloy 

for3ing3 o  two being T-shaped o  two Y-shaped, and  two  star-

shaped. These  forgins  had  been made  by  Hayes Limited' 

for the Port 	plant of  the  Canadian Car and 

Foundry Co. Ltd. .Tho inspector  at  this plant repôrted 
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that cracks were being found in the T- and Y-shaped 

forgings and asked that Mr. Blake submit typical forgings 

for exarrination with the object of determining the reason 

for the cracking. As the Ottawa Car and Aircraft Limited 

were also experiencing the same trouble with the star

haped castings, they submitted two of this type for a . 

 similar examination. 

Macro-Examination- 

Several of the forgings sàbmitted had very 

fine cracks running along the flash line. Ail  forgings 

appeared to have had a fairly large mount of flash 

metal, as the trimming die cut was fairly thick In every 

case. Data obtained from the forgIngs are listed below. 

The laboratory numbers Given in the table will be used 

in future reference to the forgings. 

Laboratory Forging identifl- 	Specification. Foreing 

	

,›- 	- 
No 	q0. 	cation No. 	 - - tàptc. _ 

1. A ose 	UR 154 	- 	T-shaped. 

2. A 28e 	7213  

3 0 	A $72 	RR 143 	17 S 	Y-shaped. 

4. 	A 572 	HR 147 	17 S 	n 	0 

ts 	A 190 	68B 	 Star-shaped. ,... 	 - 

6. 	A 190  

Chemical Analysise 

Drillings were taken from one sample of each 
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(Chemical Analysis, conted) 

forging and analysed° 

obtainedg 

The following results were 

Forging 
No. 

A 284 
A 572 
A 190 

Copper, 
per _cqn"t:„ 

4.55 
5.55 
3.55 

Manganese, 
_Pe 

0.67 
0.56 
0.56 

silloon e  
cePt. 

0.56 
0.38 
0.38 

Magnesium0  
per cent 

0.56 
0.49. 
0.48 

Iron y 
 per  cent 

0.31 
0.56 
0.56 

- 	  

LL ia 
Vickers hardness tests, using a 10-ki1ogram 

load, were made on all speciluens. Small tensile test 

specimens were cut from the vertical portions of the 

T-forgings, from one of the anus of the Y-forgings„ and 

from one of the prolongations of the star forgings. These 

test specimens were broken in an Amsler Universal testing 

machine.  The  following table gives the results of the 

physical tests. No proof stress results are listed as 

it was not possible to obtain these values from such 

small specimens. 

Labor- Forging Ultimate Elonga- Diameter Gauge 
FL :q9.e.X.,N°e 	 '-'t"res°1, 	tione (in. ) 

Vickers 
length, 	hardness 

' inches° 	No. 

112 
120 
114 
114 
114 
112 

1 	A 284  
2 	A 284  

A72  
4 	A 572 
5 	A190  
6 	A 190  

57,600 	19.0 
62 $ 800 	8.0°  
55 0 800 	23.0 
56,000 	19.0 
57,900 	14.0 
55,700 	16.0 

0.284 
0.282 
0.880 
0.282 
0.125 
0.125 

1Qco 
1.0 
1.0 
1.c) 
0.4e 
0.44 

Broke at gauge mark. 
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Mis.trotic,ogc jilxamlyeton. 

Specimens were cut from each forging and 

examined under the microscope. All forgings contained 

about the same number of light grey inclusions. The 

inclusions in Forgings 4 and 5 seomed uymewhat maller 

than those in the other Samples. Etching tests identi-

fied these Inclusions as being the copper-Iron-manganese-

aluminium constituents. Forgings 1 and 2 also contain 

sortie  particles of pinkish-tinged GuAl2. Figure 1 9  a 

photomicrograph at X500 magnification e  was obtained 

from the sample taken from Forging 1. It may be seen 

that this forging shows some grain boundary fusion 

and also mail rosettes of eutectic within the grains. 

All specimens were then etched in Kellerîs 

reagent (1 part hydrofluoric acid »  1.5 parts hydrochloric 

acid 9  2.5 parts nitric acid 9  and 95 parts water) and 

re-examined. The white etching rosettes in Forging l e  

the white etching OuAl2 compounds in Forgings 1 and 2p 

and the dark etching copper-iron-imanganese-aluminium 

particles in all forgings were again evident. The etching 

revealed Vaat all forgings with the possible exception 

of Forging 6 were fairly large-grained and that Forging 2 

was mixed-grained 9  there being some very coarse-grained 

areas in the ylcinity of the flash on this forging. 

These facte are demnstrated by Figures 2 to ep which are 

all photomicrographs at X500 magnification. 
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Macro-Remination - 

The cracking at the flash line and the apparent 

large amount of flash material that  wu  removed indicate 

that cracking may have occurred an a result of a strain- 

ing of the forging in the trimming operation. Worn 

forging dies might accourt for the heavy flash; worn 

trimming dies for the distortion in trimming. 

phe!Ilical Aney217u - 

The compositional  qui rient  of Department 

of National Defence Specification 6-L-1 0  governing the 

production of small aluminium.alloy forgings e  are ae 

follows2 

Copper » 	Manganese »  Magnesium»  Silicon,  Ion»  
leY_Pee 	per cent 	_per cent per cent  per cent 

3,5 - 	0.4 . 0.7 	0.4 - 0,8 0.7 max. 0.07 max. 
4.5 

The compositions of the three forgings examined 

are within these limits, Forcings A 572 and A 190 appeared 

to have been poured from the  name melt. 

Physical 'rests - 

The'DePartment of National Defence Specification 

6-L-1 requires that aluminium alloys for mall forgings 

shall have an ultimate tensile strength of 56 » 000 pOunds 

per square Inch»  with an elongation of 15 per cent. 

With the exception of the elongation value for Forging 2 $ 

 which is not representative as the specimen broke on the 

sauge mark e  the physical properties reported for the 

forcings are very near the sPecified values. .Makin 

allowance for the .use of small specimens »  the results 

can be considered as being Just satisfactery. 

(Discussion continued on next page) 
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(Discussion of Resultse  contd) 

Microsoordc Fxaminatton 

The inclusion content In all samples is normal. 

In the light of their fairly high copper content e  ths 

presence of 011Al2 particles in Forgings 1 and 2 is te  be 

expected. The grain boundary and rosette fusion in 

Forging 2 Indicate that the metal was burned. This 

forging  va  s probably heated to a temperature of nearly 

1000° F. at some stage in its forming or heat treatment. 

The fairly large-grained samples must have 

been forged at a fairly high temperature e  aa the grain size 

becomes smaller aa the temperature at which the forging 

was finished is lowered. Forging 6'was probably formed 

at the proper temperature, The mixed grain oie  in 

Forging 2 - indicates that this forging was cold worked 

in - trimming e  for the large grains are associated with 

the flash line e  and grain growth will not occur in the 

absence of cold work. 

General Remarks - 

Aluminium alloys are usually forged around 

850° P. The safe forging range la qUite narrow e  forming 

at much above or much below B50° F. resulting in cracking 

caused by hot shortness. Burning can only  coeur as a 	- 

result of serious overheating. The examination would show 

that Forging I received such treatment, Burning In 

this casting must have been very slight e  however e  nu its 

physical properties are satisfactory. An alloy can fall 

(tile to hot shortness without being burnt e  for it /A hot 

short at a temperature usually employed for the final 



(Discussion of Results e  contid) - 

General Remarks contd - 

solution heat treatment and ca not  be worked at this 

temperature. A forginge  thene  may be cracked - as a . 

 result of forging at an Improper temperature and, with 

the exception of the crack  e  still be in good condition 

after the final heat treatment. Forging at too high 

a temperature may result in a coarse-grained forging 

if the original stock was coarse-grained. An article 

may e  howe•er e  be partially formed in the hot short range 

and finished at a temperature low enough to ensure the 

production of a fine-grained article. It Is difficult 

to prove e  then e  whether a crack Is produced as a result 

of hot Shortness in forging. In the absence of any 

other satisfactory explanation it is reasonable to assume 

that  hot  shortness was responsible for the cracking. 

In tills examination the metal apparently is sans-

factery. Tho indications are that the parts were  formed 

at -too high a temperature. This is partially supported 

by the fairly coaree grain size of five of the forcings. 

(,9nglupion,à 

- 	- 	- . The examination reveals that the metal was in 

coed condition and consequently Indicates that cracking 

was probably caused by forging at too high .a temperature. 

The wide shear mark and the COarse grain structure at 

the flash line of Forging 2 indiCate tha •  strain s set 

uD là trimming may have been responsible for the 
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(Oonc1u3ions 9  contqd) 

crack. Worn forging and trimming dies could possibly 

be responsible for the production of conditions that 

might lead to the straining of  the forgingso 
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Forging 1. Uretched. Forging 1, etched in Keller's 
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Forging 2,. Finer-grained 
portion, etched in Kellerts 

reagent. 

Forging 2. Coarse-grained 
area near flash line, etched 
in Kellerts reagent. 
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Forging 3 0  etched in 
Kellerts reagent.  

Figure 6. 

X500. 

Forging 4, etched in 
Kellerts reagent. 

. 	 X500. 	 X600 0  

Forging b , etched in 
 _ 

Keller 9  3 reagent. 
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Forging 6 0  etched in 
Keller reagent. 


