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This invention relates to a method of making a die 
casting having an insert of a metal other than the prin 
cipal metal of which the casting is made. The invention 
is particularly directed to a method of ‘die-casting a body 
such as an aluminum or other light metal, internal com 
bustion engine cylinder block having cylinder liners of 
gray iron or similar wear resistant metal. 
At the present time, die-cast engine blocks are just 

being introduced in this country. These blocks are made 
of aluminum alloy castings with gray iron cylinder liners 
cast in place and bonded to the aluminum by a rough 
interfacial surface. Preferably the liner is made as thin 
as possible to improve the heat transfer into the alumi 
num, but there is a limit on the thinness of the liner wall 
since it must ?rst withstand the die-casting pressure, which 
usually runs in excess of 8000 psi. If the liner is made 
as thin as the engine designer would like to have it, the 
liner will crack under the heavy metal pressure, while if 
stock is added to the bore to make the liner thick enough 
to withstand the pressure in a virtually unsupported con 
dition, the increased weight and the necessity for remov 
ing the extra stock in the bore result in increased ma 
chining cost. If stock is added on the outside of the 
liner, in an elfort to reduce the machining time, it results 
in unnecessarily increasing the weight of the casting. The 
added weight tends to defeat one of the prime advantages 
of the die-cast aluminum engine block. 

Further, it is highly desirable that the gray iron liners 
be made with a taper-free, cylindrical interior. Thus, 
a section of a centrifugally cast tube may be used ad 
vantageously and little machining of the bore will be 
required or the liner may be initially machined to the 
cylindrical form and the subsequent boring and honing 
required can be kept to a minimum. 

It has been found that a taper-free, relatively thin 
gray iron cylinder liner may be cast in place in an alumi 
num die-casting, .such as an engine block, only if the liner 
is properly supported during the casting step. In accord 
ance with the present invention, the proper support is 
derived by placing the liner, in a heated condition, over 
a heated (but cooler) holder outside of the die and then 
inserting the holder into the die. Attempts to shrink a 
heated liner onto a holder which is an immovable part 
of the die will not be successful, for reasons which will 
be hereinafter explained. 

It is also of the utmost importance that the holder be 
removed from the completed casting in such a manner 
that the casting is not damaged or distorted by the force 
required for the separation of the parts. The liner 
which was shrunk onto the holder before the latter was 
inserted into the die has been, by the casting operation, 
united with the aluminum of the casting by a mechanical 
bond which must not be disturbed or altered by the re 
moval of the holder. It has been found that a hollow 
holder, made of ‘a metal of relatively good heat conduc 
tivity, and having a wall thickness su?icient to support the 
liner without distortion, but no greater, can be removed by 
differential expansion. The present invention includes as 
steps in the process, supporting the casting, on a suitable 
base, while it is hot, injecting a cooling ?uid into the 
inside of the hollow holder to cause it to contract away 
from the hot liner and casting, and then applying a me 
chanical force acting axially of the holder to urge the 
holder outwardly of the completed casting. 
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The primary object of the present invention, therefore, 

is to provide a method of die-casting a sleeve or hollow 
object of a higher melting metal into a body of a relative 
ly lower melting metal and :to support the body of higher 
melting metal in such a manner as to assure that it will 
withstand the high pressures resulting from the die-cast 
mg operation. 
Another object of the invention is to provide a method 

of die~casting a composite piece, such as an aluminum 
engine block having a gray iron cylinder liner, which 
will greatly facilitate the operation and increase the speed 
with which the completed castings can be made since 
many steps of the method are carried on outside of the 
die-casting machine which is thus made available for 
more frequent operation and increased production. 

Other objects and advantages of the invention Will be 
come apparent from the following description of the new 
method, reference being had to the accompanying draw 
ings, in which: 
FIG. 1 is a perspective view of a typical insert holder 

used in the method of the present invention; 
FIG. 2 is a perspective view of a typical cylinder liner 

or insert; 
FIG. 3 is a perspective view of an insert holder loaded 

with the liner shown in FIG. 2 prior to its insertion in the 
die-casting machine; 
FIG. 4 is a fragmentary diagrammatic sectional view 

of a die-casting machine in the die-open position showing 
a loaded holder in position to be received over a part of 
the ejector die; 

FIG. 5 is a view of the machine shown in FIG. 4 with 
the dies closed and the insert holder located by coaction 
with the cover die; 

FIG. 6 is a view similar to FIG. 5 showing the parts 
immediately upon completion of the casting operation; 

FIG. 7 shows the dies again open and the casting and 
holder ejected; 

FIG. 8 is a sectional view of a completed casting with 
the insert holder still in place; 
FIG. 9 is a sectional view taken on line 9-9 of FIG. 8 

of a completed casting placed in a ?xture for removal of 
the insert holder; 

FIG. 10 shows the step of spraying a cooling ?uid into 
the interior of the hollow insert holder to cause its con 
traction; and 
FIG. 11 shows the contracted insert holder ‘forced axial 

ly away from the completed casting by the removal .?X 
ture. 
The drawings are to be used solely as illustrative of 

the steps of the method of the present invention, and 
hence are diagrammatic. As indicated therein, an insert 
hold-er, shown in FIG. 1, is loaded with an insert shown 
in FIG. 2, the resulting combination being shown in FIG. 
3. The method of the present invention is shown in con 
junction with die-casting a part such as an aluminum cylin 
der block for an internal combustion engine. While a 
single cylinder is shown in the process of formation, it 
will be readily understood that multi-cylinder engines are 
made by the same process, either in the ‘in-line or V-form. 
In order that the disclosure may not be unduly complicat 
ed, details of the die-casting machine and the associated 
dies are omitted. 

It is preferred that the insert holder, designated 20‘ in 
the drawings, be at a somewhat elevated temperature, pref 
erably about 500° F. and that the insert designated 21 be 
about 150° F. hotter than the holder. The temperatures 
indicated above ‘are illustrative of a typical die-casting 
practice which requires that the die and its associated 
parts shall be pro-heated to approximately the tempera 
tures to be encountered during a prolonged production 
run, taking into account, of course, the cooling action of 
the various cooling cavities provided in the die. Any 
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suitable furnace may be used to retain a supply of the 
holders and inserts at the proper temperatures, and the 
step of bringing the two parts together may be accom 
plished manually or by any automatic loading device. 

It is of ‘great importance in the practice of my new 
method that the holders 20 be loaded outside of the die 
casting machine and that they are separate parts capable 
of independent temperature control and manipulation. By 
loading the holders apart from the die-casting machine it 
becomes possible to support a cylindrical liner, for ex 
ample, on the cylindrical holder by a precisely controlled 
shrink ?t which assures that the ‘liner is completely backed 
by the holder and can thus withstand the tremendous 
pressures of the ensuing ‘die-casting operation. If the 
liner were to be slipped over a holder with the parts at 
the same temperature, su?icient clearance would be re 
quired between the parts that the liner would not be prop 
erly supported and would be in danger of failing under 
the pressure of the casting operation unless its wall thick 
ness were to be increased to such an extent that the unit 
pressures were within the limits which the sleeve-like liner 
could withstand. In many instances it is highly undesira 
ble to use a thick liner. For example, if the liner is to 
become a part of an aluminum cylinder block for an in 
ternal combustion engine and is, therefore, of a wear re 
sistant metal such as cast iron, it is desirable in the eyes 
of the engine designer to make this liner as thin as possible. 
A thick walled liner such as would be necessary to with— 
stand the die-casting pressures in a virtually unsupported 
condition has one of two disadvantages. Either the liner 
requires excessive machining on the inside to reduce the 
wall thickness, or it adds unnecessary and undesirable 
weight to the casting. The ?rst of these disadvantages 
results in a higher cost of production by prolonging the 
machining time, while the second results in a heavy engine 
which defeats in part the purpose of using aluminum for 
the block. 
The holder 20 is preferably made of steel which has a 

relatively good heat conductivity and is made hollow with 
one end open. The wall thickness of the holder is select 
ed to be great enough to withstand the crushing pressure 
of the die-casting operation that will be transmitted to it 
through the sleeve-like liner 21, and thin enough to cool 
and shrink away ‘from the insert in a predetermined time 
when subjected to cooling ?uid as hereinafter described. 
At its solid end the holder is provided with a locating 
dowel 24 which cooperates with the cover die portion as 
hereinafter described. 
When the holder 20 has been loaded, it is placed 

manually or automatically over the nose of a core pin 26 
which is part of the ejector die set in a die-casting 
machine, as shown in FIG. 4. The ejector die is desig 
nated 28 and moves towards and away from a stationary 
cover die 30. The die cavity is completed by side slides, 
two of which are shown at 32 and 34 in the drawings. 
The interior of the holder 20 is somewhat larger than 
the outer diameter of the pin 26 to provide an easy 
mounting of the loaded holder on the pin, although a 
rather good ?t can be obtained between these parts due 
to the conical con?guration of the pin nose which ‘aids in 
locating the holder as it is moved over the pin 26 by the 
loading device or by manual manipulation. 

After the pin 26 is loaded the die halves can be closed 
to the position shown in FIG. 5. It will be noted that the 
dowel extension 24 has entered a mating recess 36 in the 
cover die 30 so that the sleeve or liner 21 is properly 
and accurately located in the die with respect to the sev 
eral cores that are necessary to form the ?nished part, and 
that it is not necessary to rely on the core pin 26 as the 
sole locating element for the liners which must be precise 
ly positioned in the ?nal casting. 
When the die parts have been closed, the shot can be 

made, metal being forced into the die from a shot sleeve 
38 by a shot plunger 40 as shown in FIG. 6. It has been 
found that pressures in the order of 8000 to 10,000 psi. 
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4 
are required properly to ?ll the die and this pressure is, 
communicated to the sleeve or insert 21. In accordance 
with the method of the present invention, the compressive 
forces set up by the die-casting pressure are communi 
cated through the material of the insert to be absorbed as 
compressive stress in the holder 20. Thus, the liability of 
cracking the relatively brittle gray iron insert or cylinder 
liner is greatly reduced or eliminated. 

After a predetermined cooling time, the dies can again 
be opened and the casting ejected as indicated in FIG. 7. 
It will be noted that the holder 20 is ejected with the cast 
ing and that the liner 21 is now an integral part of the 
casting and supports the holder 20, the two parts being 
at substantially the same temperature. 
The holder 20 is separated from the casting at a station 

which may be remote from the die-casting machine so 
that production may continue during the time the holder 
20 is being removed from a completed casting. In ac 
cordance With the present invention, the casting is sup 
ported in such a position that the open end of the holder 
20 faces downwardly (see FIG. 9). A source of cooling 
?uid such as a spray head 41 is then raised into the hollow 
holder and water or mixed water and air is sprayed into 
the interior of the holder. Since the parts are still hot 
from the casting operation, the contraction of the holder 
caused by the extraction of heat by the cooling ?uid will 
release the holder from the interior of the sleeve. The 
holder may then fall out or be pushed out of the sleeve 
by any suitable device such as a ?uid operated ram 42 
(as indicated in FIG. 10). The holder is then ready to be 
used again in a subsequent casting cycle. 
The die-casting machine can be operated during the 

time required for loading a set of holders for a multi 
cylinder engine and also during the time required for re 
moving the holders from a completed casting, since it is 
only necessary to supply several sets of holders for the 
process to be made substantially continuous. 

If it is attempted to cast the liner 21 into the engine 
block without utilizing the holder 20, great difficulty is 
experienced in placing the sleeve properly on the core 
nose 26 because in practice this die part is inaccessible 
and the placement of the sleeve is slow and cumbersome. 
In addition, a casting is much more difficult to eject if it is 
necessary to strip the liner from the core 26 directly. The 
present process has led to substantial increases in produc 
tion and substantial savings in costs and in rejected cast 
ings. 

While the invention has been described in connection 
with the die-casting of cylinder blocks for internal com~ 
bustion engines, it obviously has great advantages in the 
manufacture of other die-cast parts. The invention there 
‘fore includes such modi?cations as are de?ned by the 
appended claims. 
What I claim is: 
1. A method of making a composite die-cast article 

having an insert of a metal of higher melting point than 
the remainder of the casting comprising, heating the in 
sert to a temperature higher than that of a holder there 
for, positioning the heated insert over the holder, de 
creasing the temperature difference between the insert and 
the holder to establish a shrink ?t between the two over 
the entire area of the insert subject to die casting pres 
sures, supporting the holder with the insert shrunk there 
on relative to other parts of a die so that an outer face of 
the insert de?nes a part of the die cavity, closing the die, 
casting metal of lower melting point than the metal of 
the insert under elevated die-casting pressure into the die 
and around the insert, cooling the die-cast metal to cause 
shrinkage thereof around the insert, removing the solidi 
?ed casting with the insert united therewith, and the 
holder from the die, cooling the holder to cause shrinkage 
thereof away from the insert, withdrawing the holder 
from the casting, and passing the holder for reuse with 
another insert for a subsequent casting. 

2. The method in accordance with claim 1 in which 
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said step of cooling the holder to cause shrinkage thereof 
away from the insert comprises spraying water into the 
interior of the holder while maintaining the casting at an 
elevated temperature. 

3. A method of making a composite die-cast article 
having an insert of a metal of higher melting point than 
the remainder of the casting comprising, heating the in 
sert to a temperature of 100° F. to 200° F. higher than 
that of a holder therefor, positioning the heated insert 
over the holder, decreasing the temperature difference be 
tween the insert and the holder to establish a shrink ?t 
between the two over the entire area of the insert subject 
to die casting pressures, supporting the holder with the 
insert shrunk thereon relative to other parts of a die so 
that the outer face of an insert de?nes a part of the die 
cavity, closing the die, casting metal of lower melting 
point than the metal of the insert under elevated die 
casting pressure into the die and around the insert, cool 
ing the die-cast metal to cause shrinkage thereof around 
the insert, removing the solidi?ed casting with the insert 
united therewith, and the holder from the 'die, cooling 
the holder to cause shrinkage thereof away from the in 
sert, withdrawing the holder from the casting, and passing 
the holder for re-use with another insert for a subsequent 
casting. 

4. A method of making a composite ‘die-cast article 
having an insert of a metal of higher melting point than 
the remainder of the casting comprising, heating the in 
sert to a temperature of approximately 150° F. higher 
than that of a holder therefor, positioning the heated 
insert over the holder, cooling the insert to establish a 
shrink ?t between the insert and holder over the entire 
area of the insert subject to die casting pressures, sup 
porting the holder with the insert shrunk thereon relative 
to other parts of a ‘die so that an outer face of the insert 
de?nes a part of the die cavity, closing the die, casting 
metal of lower melting point than the metal of the insert 
under elevated die-casting pressure into the die and 
around the insert, cooling the die-cast metal to cause 
shrinkage thereof around the insert, removing the solidi 
?ed casting with the insert united therewith, and the 
holder from the die, cooling the holder to cause shrink 
age thereof away from the insert, withdrawing the holder 
from the casting, and passing the holder for re-use with 
another insert for a subsequent casting. 
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5. A method of making a composite die-cast article 

having an insert of a metal of higher ‘melting point than 
the remainder of the casting comprising, heating the in 
sert to a temperature higher than that of a holder there 
for, positioning the heated insert over the holder, decreas 
ing the temperature difference between the insert and the 
holder to establish a shrink ?t between the two over the 
entire area of the entire area of the insert subject to die 
casting pressures, supporting the holder with the insert 
shrunk thereon relative to others parts of a die ‘so that 
an outer face of the insert de?nes a part of the die cavity, 
closing the die and at the same time establishing a support 
between the holder and both the movable and stationary 
portions of the die, casting metal of lower melting point 
than the metal of the insert under elevated ‘die-casting 
pressure into the die and ‘around the insert, cooling the 
die-cast metal to cause shrink-age thereof around the in 
sert, removing the solidi?ed casting with the insert united 
therewith, and the holder ‘from the die, cooling the 
holder to cause shrinkage thereof away from the insert, 
withdrawing the holder from the casting, and passing the 
holder for re-use with another insert for a subsequent 
casting. 

References Cited in the ?le of this patent 
UNITED STATES PATENTS 

116,408 Britten ______________ ..__ June 27, 1871 
1,727,119 Troeger ______________ __ Sept. 3, 1929 
1,886,396 Hainlen ______________ __ Nov. 8, 1932 
2,219,471 Davis _______________ __ Oct. 29, 1940 
2,580,816 Morin ________________ __ Ian. 1, 1952 

OTHER REFERENCES 
Practical Consideration in Die Casting Design, copy 

right 1948, by the New Jersey Zinc Co., printed by Mar 
bridge Printing Co., Inc., New York 14, NY. pp. 152, 
159, 169, 173 relied on. 
Die Casting for Engineers, copyright 1953, by the New 

Jersey Zinc Co., printed by Marbridge Printing Co., Inc., 
New York, N.Y., pp. 47, 50, 128-129 relied on. 

“Transplant Coated Aluminum Cylinder Bores,” by 
Bauer, A.F., 1961, summer meeting, Society of Auto 
motive Engineers, 485 Lexington Avenue, New York 17, 
NY. 


