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[5 7] ABSTRACT 
A die casting method for producing aluminum die 
castings each having a longitudinally extending bore 
which is effective to prevent the aluminum die cast 
ings from shrinking to an extent that the desired di 
mensions of each casting will not be achieved. To-this 
end, an annealing process is introduced to force the 
casting together with a core member, which de?nes 
the bore and which is a part of the casting dies, but 
which is separate therefrom, to be annealed at a pre 
determined temperature for a predetermined time so 
that internal stresses previously set up in the casting 
can be relieved. This annealing process is carried out 
immediately upon solidification of the molten metal 
during the casting. 

3 Claims, 2 Drawing Figures 

120 Va 
8 H0 

“\130 

\e 14 





3,825,055 
1 

METHOD OF REMOVING CORE FROM 
DIECASTING 

The present invention relates to a method for pro 
ducing aluminum castings'which require precise di 
mensions. 
More particularly, the present invention pertains to 

a method for producing aluminum die castings each 
having a longitudinally extending bore of a relatively 
large size, which method is effective to prevent the alu 
minum die castings from shrinking to an extent that the 
desired dimensions of each casting will not be 
achieved. 

It is generally recognized that a die casting method, 
as compared with the othercasting methods, has an ad 
vantage in that a casting can be produced which pre 
cisely meets predetermined dimensional requirements. 
However, in the production of a die casting having a 
longitudinally extending bore of a relatively large size, 
which bore must be precisely formed to permit the die 
casting to be utilized as a ?nal product substantially, 
without subjecting it to a subsequent machining pro 
cess, this advantage of the die casting method over the 
other casting methods is not present for the reasons as 
hereinafter described: > 

I Partly because a pair of dies de?ning a cavity into 
which molten metal is poured to form a die casting tend 
to cool relatively rapidly and partly because the cooling 
speed of the molten metal poured into said cavity is 
also high, the internal stress in ‘the body of the die cast 
ing as cast increases as said molten metal solidi?es, 
which ultimately leads to a shrinkage deformation of 
the resultant die casting, said shrinkage deformation 
varying in degree among a pluralityrof die castings 
‘which are produced by a single die casting machine. 

2 In view of the fact that it is impossible to predict 
during the casting operation where on the resultant die 
casting such shrinkage deformation takes place, no 
measures can be taken to avoid the possible shrinkage 
deformation before it actually takes place. Accord 
ingly, a subsequent machining process is required, dur 
ing which some of the die castings tend to become de 
fective unless care is taken in'machining each of the die 
castings. . 

3 The problem of shrinkage deformation happens not 
infrequently in the production of die castings made of 
metallic alloys which are susceptible to shrinkage as 
said metallic alloy's cool to room temperature. 
These inconveniences "are often encountered in the 

production of, for example, a cylinder block for an in 
ternal combustion engine or a rotor housing for a ro 
tary piston engine, both of which are usually made of 
aluminum alloy. 
Accordingly, an essential object of the present inven 

tion is to provide an improved method for producing a 
die casting which satis?es precise dimensional require 
ments, thus substantially eliminating the abovemen 
tioned inconveniences. ' > 

Another object of the present invention is to provide 
the improved method of the abovementioned character 
wherein, immediately after a die casting has been 
formed on a core which de?nes the bore of the resul 
tant casting and which is situated within the cavity de 
?ned by a pair of casting dies, that is, before the die 
casting is cooled to room temperature, the die casting 
is annealed ‘at a predetermined temperature for a pre 
determined time while formed on said core thereby to 
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-2 
remove the internal stress produced within the body of 
the resultant die casting. 
A further object of the present invention is to provide 

the improved method of the abovementioned character 
which is effective to prevent the resultant die casting 
from shrinking to an extent that the desired dimentions 
of said casting will not be achieved. 
According to the present invention, as will be clearly 

understood from the following description thereo?an 
essential feature resides in the provision of an anneal 
ing process to reduce or substantially eliminate the in 
ternal stress within the body of the resultant casting as 
the molten metal of the casting solidi?es. This anneal 

‘ing process is preferably carried out in a furnace, 
heated to a temperature within the range of 150° to 
400°C, for at least 10 or more minutes for the reasons 
set forth ‘later. 
Furthermore, the annealing process follows prefera 

bly immediately after the previous process, i.e., the 
casting process in view of the fact that, at the time the 
casting formed on the core within the cavity of the cast 
ing dies has been removed from said cavity together 
with said core, the temperature of the casting thus re 
moved is already lower than 400°C. which is the maxi 
mum permissible value of annealing temperature. Re 
moval of the casting from the cavity of the casting dies 
together with the core is, of course, carried out imme 
diately after the molten metal of the casting has com- ' 
pletely solidi?ed 'within said cavity. As has been 
pointed out, the problem of shrinkage deformation 
happens not infrequently in the production of die cast 
ings made of metallic alloys which are susceptible to 
shrinkage as said metallic alloys cool to room tempera 
ture. Accordingly, the annealing process follows imme 
diately after the previous process in order to relieve the 
internal stress within the body of the resultant casting 
before the resultant casting cools to room temperature. 

These and other objects and features of the present 
invention will become apparent from the following de 
scription taken in conjunction with a preferred embodi 
ment thereof with reference to the accompanying 
drawings, in which; 
FIG. 1 is a longitudinal sectional view of a casting die 

assembly which can be used to'produce a typical die 
casting by the method of the present invention, and 
FIG. 2 is a cross sectional view taken along the line 

II—II in FIG. 1. ' 

Before the description of the present invention pro 
ceeds, it is to be noted that, for facilitating abetter un 
derstanding of the present invention, the method de 
scribed with reference to making a rotor housing for a 
rotary piston engine. The method according to they 
present invention is, however, equally applicable to the 
production of other structural elements of metallic ma 
terial' having at least one hollow portion which have 
precise dimensional requirements. More speci?cally, 
the method of the present invention can be effectively 
and efficiently used in the production of a hollow die 
casting of a varying thickness wherein shrinkage will 
otherwise take place unevenly in the circumferential 
direction .or the production of a die casting having a 
longitudinally extending bore of non circular shape. 
Referring now to the drawings, a die casting, for ex 

ample, a die castalumimurn rotor housing, which is 
shownas cast as intimated by .1019?“ be. pmslmdjn 
a die assembly which includes a pair of ?xed and mov 
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able dies 11 and 12, and a separate core member 13 
having a longitudinally extending hole 13a. The core 
member 13 has both end portions positioned in respec 
tive sockets 14 and 15 which, in cooperation with re 
spect to each other, define a pair of inward projections 
11a and‘l2a projecting into the longitudinally extend 
ing hole 13a from the both ends thereby accurately lo’ 
cating the core member 13 in such a manner that the 
outer periphery of said core member 13 is uniformly 
spaced from the contour of each of the recesses 16 and 
17 respectively formed in the fixed and movable dies 
11 and 12 so as to de?ne a casting cavity, said casting 
cavity being shown as accommodating therein‘the die 
cast aluminum rotor housing 10. In contrast to the 
usual die casting techniques, this core member 13 does 
not need to be supported by an extra arrangement, 
since it is supported by merely fitting the core member 
13 into either of the sockets 14 or 15 with a projection 
‘11a or 12a in the recess-l6 or 17 being positioned in 
the longitudinally extending hole‘ 13a of the core mem 
ber 13. The casting cavity formed by the recesses 16 
and 17in the respective dies 11 and 12 receives molten 
metal, for example, molten alloy of aluminum, supplied 
under pressure through a supply passage 18 formed in 
the fixed die 11', while the dies 11 and 12 are held to 
gether in any known manner. It is clear that the molten 
metal within the casting cavity encircles the outer pe 
riphery of the core member 13 which defines a longitu 
dinally extending bore of the resultant die casting 10. 

It is to be noted that the rotor housingfor the rotary 
piston engine usually-has an epitrochoidal shape and 
has has ‘formed on the inner peripheral surface a pair 
of lobes, as at 10a and 10b, which protrude inwardly in 
the opposite directions with respect to each other. .In 
view of this, as clearly shown in FIG-2, the cross sec» 
tion of at least the core memberv 13 must represent a 
particular shape so that the die castingv having an epi-' 
trochoidally shaped bore can be produced around the 
core member 13 within the casting cavity. 
The longitudinally extending hole 13a of the core 

- member 13 may have a similar shape corresponding to, 
that of the cross section of the core member 13. This 
is particularly advantageous in that, when the resultant 
die casting 10 is cooled together with the core member 
13 with or without the use of cooling medium passed 
through said hole ‘13a, uniform heat exchange can be 
achieved between the core member 13 and the resul-_ 
tant die casting. 
As a first step in producing the die cast'rotor housing, 

the core member 13 is fitted into the socket in either 
of the ?rst and second dies 11 and 12 and the other die 
is subsequently pressed against the one die in any 
known manner such that the other socket receives 
therein the corresponding end of the core member 13 
forming the casting‘cavity. No complicated centering 
procedure to cause both ends of the core member 13 
to fit into the corresponding sockets l4 and 15 is neces- ' 
sary for the reason as hereinbefore described. 
Thereafter, molten metal is injected under pressure 

through the supply passage 18 into the casting cavity. 
In this case, the pressure necessary to supply the mol 
ten metal into the casting cavity must be sufficient to 
permit said molten metal within the casting cavity to 
uniformly encircle the outer periphery of the core 
member 13 in a reasonable periodof time. After the in 
jection of the molten metal into the casting cavity is 
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4 
completed, it will be appreciated that the molten metal 
within said casting cavity readily vsolidifies because of 
the high heat extraction coefficient of the die assembly. 
In most instances, the core member 13 is made ofa ma 
terial having a lower coefficient of thermal expansion 
than the casting and, therefore, as the molten metal 
within the casting cavity solidi?es, the resultant ‘casting . 
can assume a substantially'permanent set restrained by 
the core member 13. 
Upon solidi?cation of the molten metal at which con 

dition it is formed into the die casting 10, the die cast 
ing 10 togetherwith the core member 13 is removed 
from the casting cavity‘in any suitable manner and 
readily placed in an annealing furnace arranged in the 
vicinity of the die assembly. In the annealingv furnace, 
the casting 10 is annealed at a temperature within the 
range of from 150° to 400°C. for at least 10 or more 
minutes to relieve internal stresses previously set up in 
the die casting during the casting process, where the 
casting 10 is made of aluminum alloy. If the annealing 
is carried out at a temperature lower than the above 
mentioned critical range, no advantage is obtained by 
annealing and no castings which meet the desired~ di 
mensions will be obtained. On the other hand, if the an 
nealing is carried out at a temperature higher than the 
above mentioned critical range, blisters will be formed 
on the casting when the latter is still in a molten state 
and, therefore the casting will become defective.‘ 

‘ The annealing time depends on the size or the thick 
ness of the dies casting to'be formed. However, at least 
10 minutesor more is necessary. A series of experi 
ments has showed that, if a die cast rotor‘housing of a 
size smaller to that described in the following example 
was annealed for three hours-at a temperature of 
120°C, no advantage was obtained ‘by annealing and 
variation of the dimensions of the resultant casting was 
similar to that occuring in the conventinal method 
whereas, if the same annealed for 15-minutes at a tem-_ 
perature of 450°C, blister was formed. 
After the prescribed annealing time has elapsed, the 

die casting 10 together with the core member'l3 is re 
moved from-the annealing furnace and then readily 
separated from the core member 13 by any suitable 
method, for example, by the application of hydraulic 
pressure for pressing either the die casting 10 ‘or the 
core member 13 so as to move it away from the other. 
Alternatively, in addition to the application of the hy 
draulic pressure, the core member 13 may be quickly 
cooled after having been removed from the furnace, 
thereby to cause radial separation thereof from the die 
casting by the effect of differential expansion of these 
parts. In this case, cooling medium such as water must 
be passed through the hole 13a of the core member 13. 

Although the die casting 10 after having‘ been sepa 
rated from the core member 13 in the manner as here 
inabove described seems to undergo shrinkage before 
it completely cools to room temperature, this is of no 
great significance. This is because such a shrinkage 
takes place uniformly in the circumferential direction 
of the resultant die casting, and the magnitude thereof 
can be taken into consideration prior to the casting 
operation and, therefore, very accurate die castings can 
be obtained if a core member 13 is employed which has 
a slightly greater size than the bore of the casting to be 
produced with due consideration for the shrinkage 
which will take place after the resultant casting is sepa 
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rated from the core member 13 and before it is perma 
nently set. I 
By way of example, the method of thepresent inven 

tion was utilized to produce a rotor housing made of 
aluminum alloy speci?ed as AC4D according to the 
Japanese Industrial Standard, the substantial equiva 
lent of which is Alcoa 355 and SAE 322. At that time, 
the rotor housing together with the core member 13 
was annealed for 30 minutes at a temperature of 
250°C, after they had been removed from the casting 
cavity of the die assembly shown in FIGS. 1 and 2. For 
eomparision, a similar rotor housing was cast in accor 
dance with the conventional method wherein'no an 
nealing process is provided and the die ‘assembly was of 
the type having a core member integrally formed with 
either of a pair of ?xed and movable dies. . 
The results are tabulated belowi It is to be noted that 

the terms "major distance” and “minor distance” 
' therein used mean the distance of the vertical line as 
viewed from FIG. 2 which extends in one point to the 
opposite point on the inner peripheral surface of the 
rotor housing through the center of the bore of said 
rotor housing and the distance of the horizontal line as 
viewed from FIG. 2 which extends from the lobe 10a 
to the opposite lobe 10b through the same center, re 
spectively. Furthermore, it is to be noted that the de 
sired values of the major and minor distances of the 
rotor housing were 238.80 and 178.40 millimeters, re 
spectively. 

In practice, the critical range of annealing tempera 
ture is from 200° to 300°C if the material for the resul 
tant casting is aluminum alloy, in which case the an 
nealing time must be more than 30 minutes. 
From the foregoing description, it has now become 

clear that the method according to the present inven 
tion is effective to produce die castings, particularly, 
die cast aluminum castings, which accurately and pre 
cisely meet the dimensional requirements. 
Although the present invention has been fully de 

scribed as applied to the production of the rotor hous 
ing for a rotary piston engine, it is to be noted that vari 
ous changes and‘ modifications will be apparent to 
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having a‘ longitudinally extending boreis to vbe "pro 
duced by the method herein disclosed, the method of 
the present invention is equally applicable where the 
core member is provided on its outer peripheral surface 
partially or wholly with a reinforcement member, a sle- _ 
eve member or a sprayed metal layer which is intended 
to be transferred to the inner peripheral surface of the 
resultant casting for various purposes known to those 
skilled in the art. Furthermore, in the case where the 
method of the present invention is to be utilized in the 
production of a casting having a bore of relatively com- ‘ 
plicated construction, the core member may be separa 
bleone-Accordingiy, such changes and modifications 
should be, unless otherwise departing from the truel 
scope of the present invention, construed as included 
therein.-_.-.--_.__ 
What is, claimed is: . 
1. A method of producing a die casting having a lon 

gitudinally extending bore and which is made of alumi 
num alloy, which method comprises the steps of inject 
ing molten aluminum alloy into a casting cavity having 
therein a separate core member which de?nes the bore 
of the die casting, said molten alloy being injected at a 
pressure suf?cient to cause said molten alloy to uni 
formly encircle the outer peripheral surface of said 
core member within said casting cavity, solidifying the 
‘injected metal in said casting cavity whererby said in-v 
jected metal shrinks around said core member, remov 
ing the solidi?ed casting together with said core mem 
‘ber from said casting cavity, annealing said casting on 
, said core member by placing said casting together with 
said core member, before they are cooled to ambient 
‘temperature, inan annealing furnace heated to 'a tem 
perature within the range of from 150°C. to 400°C., 
said annealing being carried out for at least 10 or more‘ 
minutes ‘within said annealing furnace, thereby to re 
lieve internal stresses previously set up in said casting, ' 
separating said casting from said core member before 
it completely cools to room temperature. and com 
pletely cooling said casting to enable said casting to as 
sume a permanent set. 

METHOD OF‘ THE INVENTION 

DIMENSIONS OF PRODUCED ERRORS WITH RESPECT TO 
ROTOR 

HOUSINGS (m.m.) DESIRED DIMENSIONS (mm) 
DESIRED DIMENSIONS DIMENSIONS MAXIMUM . 

OF OF _ AVERAGE A, A, MINIMUM 
ROTOR HOUSING CORE (Al) (A2) I 

MEMBER 
(m.m.) (m.m.) 

Major distance 238.80 239.55" 238.95 238.55 238.75 +0.l5 —0.25 
Minor distance 178.40 179.17‘ I78.57 I78.I7 178.37 -. +0.l7 —0.23 

CONVENTIONAL METHOD 

DIMENSIONS OF PRODUCE ERRORS WITI-I RESPECT TO 
ROTOR - ' ‘ 

HOUSINGS (m.m.) DESIRED DIMENSIQNS (mm) 
DESIRED DIM ENSIONS DIMENSIONS MAXIMUM 

OF OF AVERAGE B, B, MINIMUM . 
ROTOR HOUSING CORE (B1) ' (B2) 

MEMBER 
(m.m.) (m.m.) 

Major distance 238.80 239.55"l 238.77 237.93 238.35 —0.03 —0.87 
Minor distance 178.40 I79.I7* I78.36 177.42 177.89 —0.04 —0.98v 

that the 4' - '7 of the core 

(8,) and 8,, and (5,) and 8,, respectively, correspond to each other. 
‘ correspond to the major and minor distances of nié produced rotor housing. respectively. '(A-J and A., (A,) and A” 
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2. The method as claimed in claim 1, wherein said 3. The method as claimed in ‘claim 1, wherein said 
separating comprises application of hydraulic pressure separating comprises rapidly cooling said core member 
to either said casting or said core member so as to move thereby to cause radial separation thereof from said 
said casting and saidcore member in the opposite di- casting by the effect of differential expansion. ' 
rections until they are separated from each other. 5 i * * * * * 
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