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Orien of  Material: 

Tgo die-cast tire pump crankcases were submitted 

by the Motor Transport Section of the Inspection Board of the 

United Kingdom and Canada to the National Research Laboratories 

at Ottawa, Ontario, in July, 1941. Following X-ray inspection 

(N. R. L. Report PX-79, July 23rd, 1941) they  were  submitted 

to the Metallic Minorais Division of the Bureau of Mines, at 

Ottawa, for chemical analysis, metallographic examination, and 

interpretation of the fabrication process. 

The castings were received on July 23rd, 1941. 
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Figure 1 shows the die castings as received. 

The casting Identified as "newu (left) is designated "No 0 lu 

and the uold" casting (right) is designated "No.  

o  

. 	CASTINGS AS RECEIVED. 

Casting No. 1 	- left. 
Casting No. 2 - right. 

Examination of the surfaces revealed holes and 

shrinkage cracks on both castings. 

Figures 2 e  3 and 4 show the character of these 

defects. 	The photographs are about 2/3 actual size. 

(Continued on next page) 
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(Nature of Castings e  contfd) - 

Figure 2. 

Photograph e  approximately'6.?./i5 actual size e 
 HI-lowing large cavities and crack$ on Casting No 1. 

Photograph e  approximately 2/3 size e  showing 
a large jT)ole In Casting No. 2. 



Aluminium »  per cent 
Copper» 	tî 

es Magnesium»  

0 

 

4.33 
2.33 
0.06 

4.52 
2.45 
0.06 
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(Nature of Castings »  contld) 

Fif;ure n o  

Photograph »  approximately 2/3 size »  showing 
shrinkages »  cold-sbut and cracks on Casting No. 2. 

&L 	 L21  

The X-ray examination carried out by the National 

Research Laboratories at Ottawa (see Report PX-79) showed 

a large number of cavities and microcavitles in both 

castings. 

Chemical Analysis. 

Casting No. 1. 	Castina No. 2. 
exmPreg.etawat.reuve se,----.r. 

Note g The difference between above analysis and that 
made for the National Research Laboratories (Report 
EX-79) is explained in the "Discussion of Results" of 
the present report. 
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Physical Pestq. 

Hardness 

Casting No. 1 

Casting No. 2 

. 	90-100 V. Ho Ne 

- 	100-110 V. H. N. 

Microstructure. 

Figures 5 and 6 show (X -primary crystals and 

ternary eutectic t j 	( 39 per cent zinc, 7 per cent 

aluminium., 4 per cent copper). 

0 
X200, etched. ° 	 X200„ etched. 

CASTING NO. 1. 	 CASTING NO. 2. 

0 
Etch as given in METALS HANDBOOK D  1939 Edition, 

pp. 1768-9. (Solutions Nos.  4 „ 5 D  and 2). 
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0=0. 

these alloys areg 

30A0E0 Wo. 90$ 

(Per cent) 

s0A0E0 No0  925 

3.5-4.3 
0.10 max. 

0.0z-0.08 
0.10 
0.007 
0.005 
0.005 ' 

30 54 03 

0.754,25 
0.02-0.08 

0.10 
0.007 
0.005 
0.002 

35 9 000 p00010 

3 per cent. 

12 ft 0  lb 0  

40,000 p.s.l. 

2 per cent. 

12 ft. lb. 
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'or Die Casting 	 nyo  _Spe c ieati On 	 _ 	xlvoy,  S .11,70Ev. 
e-3A SF3 	Ai- 10;y 	 C 

- 	nF ea îlMazak 2 u  ) 0 

Chemical 	Anoly.lis. 

Per cent 

Aluminium 
Copper 
Magnesium 
Iron, maximum 
Leade 	s? 

Cadmium, 
Tin e  

3.5-4.5 
2.5-3.5 

- 	0.02-0.10 
0.10 
0.00Y 
0.005 
0.005 

The zinc used In the production of this alloy 
shall be special high grade (99.99+ per cent) 
pure zinc. 

Physical Tests. 

Ultimate tensile strength, minirxlm - 44,000 p.s.i. 

Elongation in 2 inches, minimum - 2 per cent. 

Charpy  Impact  strength, minimum - 6 ft. lb. 

Gneral  Information g 

This alloy, because it is subject to loss of 

Impact strength and to dimensional changes upon 

agoing„ Is rapidly being replaced by the more 

permanent alloys S.A.E. No. 903 and S.A.E. No. 925.°  

Lately Its use has  been  generally restricted to the 

few parts requiring Its superior hardness 0  

emo======================le======ere==============t= 

"e»Tho specifications for 

Phe,m12a.....AneM;Iqg 

Aluminium, 
Copper, 	- 
Magnesium, 
Irone max. 
Lead, max. 
Cadmium, max. 
Tin e  max. 

Physlcal . Teptsg 

Ultimate tensile 
strength, min. 

Elongatior. in 2 inches, 
minimum 

Charpy Impact strength, 
minimum 

era roecYcealer..11...wrsstar...,Y.Y.,"3:,..-1.= 
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DIE-CASTING TECHNIQUE2 

Influence of the Chemical Composition. 

The higher copper alloys are stronger but are alsà 

liable to brittleness due to the precipitation which occurs 

as a result of room-temperature ageing, Higher copper content 

also increases the tendency to hot-Shortness of the casting. 

Addition of magnesium »  necessary to prevent inter

granular corrosion s  unfortunately also causes hot-shortness 

and lower fluidity. 

It is essential that the zinc used be of high 

purity. Castings made of less pure zinc tend to deteriorate 

and grow because of intercrystalline corrosion. 

2. pastMe,,Condttlqns,. 

Accurate control of all casting conditions Is 

important. The temperature of the metal and the die and the 

speed of operation must be determined and kept constant. The 

regulation of the temperatures should be automatic. 

The most favourable casti,ug_pmperature is 395-410°C0 

(740-770°P0). Care dhould be taken not to overheat the metal 

at any stage in the operation. Higher temperature decreases 

the life of the die and die-casting machine s  and facilitates 

the oxidation of the molten metal (a possible cause of 

inclusions of  th a Insoluble zinc oxide in the casting). 

Higher melting temperature also causes holes and hot-shortness 

in the die casting »  lower mechanical properties, and coarser 

grain size. 

Pressure die castings (cold chamber type) are 

frequently cast at too low a melting  temperatures such a 

casting is more brittle and the microstructure shows large 

primary crystal inclusions. 

• 

'Poo  low temperature of the die causes poorer surface 
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(Die-Casting Technique, cont 7 d) 

(eurface cracks) and increases the tendency to corrosion. 

The beet'die temperature should be 180-220°0. (355-425°F.). 

For very complicated castings, however, the die temperature 

should be lower (in spite of the fact that this will have an 

unfavourable . effect on the surface appearance); if the die 

temperature is allowed to exceed 220°0. (425°F.) the casting 

will be brittle. 

Pr,9ssure on.. the_pston is best about l e 000 p.s.l. 

(1 e 000 to 1,700 pos01.). Too low a pressure causes lower 

mechanical properties and porosity of the casting. 

Apeed of_the_pieon is not so Important; average 

speed eould be about 1.2 in./sec. Low speed causes perfect 

surface but lower mechanical properties; higher speed causes 

poorer surface and inclination to surface cracks. 

For the production of sound die-castings e  dimensions 

of the sprue and the size of the vents which allow for  tha 

escape of gases from the die chamber must be carefully con-

trolled. These dimensions are dependent upon the type of the - 

die-casting and of the die-castin• machine and must be very 

carefully calculated. 

3 e i.lee 5J.Pg_40 

Because of the drastic chilling involved in the 

die-casting and the fact that the solid solubilities of both 

aluminium and coper In zinc change with temperature »  these 

alloys are subject to some ageing effects, such as dimerional 

changes  e  hardening, drop in impact strengthe  etc. By using 

alloys without copper content (e.g. S.A.E. No. 903 e  Zamak 5) 

It is Possible to prevent further changes by a stabilizing 
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(Die-Cs.sting Technique e  ec, on t 

anneal. 

Unannealed copper-containing alloys e  however e 

 first show a shrinkage due to the aluminium content e  and 

then an expansion due to the copper content. Annealing 

will only take care of the fonmer shrinkage. 

Dicuion  of  Res2qtq: 

The surface Inspection and the X-ray examination 

show that both dle-castins have many shrinkage holes e  

surface cracks and microoavities e  which probably originate 

from bad casting conditions. These defects possibly might 

have been reduced if a lower copper e  lower magnesium alloy 

had been cast. 

Cavities and porosity are caused above all by too 

high melting temperature and too low pressure on the piston. 

Other causes are unbalanced dimensions , of the sprue (e.g. e  

too amall) or of the vents in the die for gases (o.g. 0  too 

large). 

Oold-shut@ (Figure 4) on the surface are caused 

usually by too low a die temperature and too low a pressure 

on the piston. 

Hot-shortness (brittleness in metal when  hot) e  

which caused the smaller surface cracks shown in Figure 4 e  

Increases with the temperature of the molten metal e  also 

with the copper content and with the addition of magnesium. 

Higher copper content and addition of magnesium 

also decreases the fluidity of the alloy. 

The chemical composition compares closely to that 

specified in American Specifications S.A.E, No. 921 and 
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(Discussion of Results e  cont 9 d) 

A.S.T.M. B 86 - 38 Te  Alloy XXI. The variation In the 

chemical analysis of the aluminîum content determined for 

the National Research Laboratories (M0 R. L. Report PX-V9) 

is probably due to contamination of the sample with other 

drillings high in aluminium content. The present  analysee 

were obtained from a very carefully prepared semple and were 

doubly checked. 

The hardness dâould be satisfactory but shows that 

the cooling rate of the castings was rather high (too low 

temperature of the die). 

The microphotographs show a normal structure for 

this type of die-cast alloy. Casting No. 1 Shows coarser 

grain size (higher temperature of the molten alloy) than does . 

 Casting No. 2 (higher cooling rate). 

Conclusions g 

The defects In these two die-castings could possibly 

be caused by any or all of the following: 

1. Overheating of the molten metal. 

2. Too low a temperature of the die. 

3 0  Insufficient pressure on the piston. 

4. Excessive magnesium content. 

5. Improper dimensions of the sprue or of the 
vents in the die for air and gases. 

It would be advisable to check each of the above 

possible causes In determining the correct casting condi-

tions. It wculd be better to hold the magnesium content 

lower e  e.g. to 0.03 per cent. 

Superior hardness of the alloy under investigation 
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(Conclusions, contçd) - 

Is not required in such applications as for pump crankcases. 

Consideration should be given to the use of a more suitable 

alloy with less or no copper in its composition. 
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