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METHOD OF CASTING AN ALUMINUM ENGINE
Achilies C. Sampietro, Bloomfield Hills, and Kenneth G.
Matthews, Grosse Pointe Woods, Mich., assignors to
Kaiser Jeep Corporation, a corporation of Nevada
Original application Aug. 17, 1961, Ser. No. 132,226, now
Patent No. 3,173,407, dated Mar. 16, 1965. Divided
and this application Mar. 15, 1965, Ser. No. 442,852
6 Claims, (ClL 22—200)

This application is a divisional application of the co-
pending application of Achilles C. Sampietro et al., Serial
No. 132,226, filed August 17, 1961, now Patent No.
3,173,407, issued March 16, 1965.

This invention relates to an improved construction and
method of manufacture for an internal combustion engine.

The internal combustion engine of this invention uti-
lizes an engine block constructed of an aluminum alloy
or an alloy of some similar lightweight metal such as mag-
nesium. When constructing an engine block of an alumi-
num alloy, it is desirable that structural threaded connec-
tions with the block be eliminated since such threads
do not have the strength of similar threads in a block
made of some ferrous metal, such as cast iron; therefore,
it is an object of this invention to provide an internal
combustion engine having an engine block of an alumi-
num alloy or the like whereby structural conpections to
the aluminum block by means of threads in the block
are eliminated and in which structural connections are
made by means independent of the block material.

1t is also desirable in an internal combustion engine
having an engine block of an aluminum alloy or the like
that the construction be such that the cylinder walls
should not be used as a load-carrying member for loads
relative to the cylinder head and the engine block. With
such a construction, the wall thickness of the cylinder
walls can be held to a minimum, thereby realizing a sav-
ings in weight and material and, hence, cost.

Tt is current practice to die cast engine blocks of alumi-
num alloy by pulling the die out from the top of the cylin-
der bores and casting at the same time vertical walls to
constitute the water jacket. By so die casting, the mini-
mum thickness of the water jacket walls and cylinder
walls is determined by die casting procedures inherent in
that method of die casting. Therefore, it is an object
of this invention to provide a novel method for die cast-
ing an engine block of an aluminum alloy having a con-
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struction permitting the formation of thinner cylinder walls

and the use of a water jacket of thinner wall construction.

In many engine constructions it is also required that
the water jacket walls themselves be load-carrying mem-
bers and thus be of sufficient strength, and hence, thick-
ness, to so carry a load.

Other objects, features, and advantages of the present
invention will become apparent from the subsequent de-
scription and the appended claims, taken in conjunction
with the accompanying drawings, in which:

FIGURE 1 is a side elevational view with some parts
broken away and some parts shown in section of an engine
assembly embodying the features of this invention;

FIGURE 2 is a sectional view taken substantially along
the line 2—2 of FIGURE 1;

FIGURE 3 is a sectional view taken substantially along
the line 3—3 of FIGURE 1;

FIGURE 4 is a fragmentary top elevational view of
the engine block shown in the engine assembly of FIG-
URE 1;

- FIGURE 5 is a fragmentary view, with one portion
of the engine block of FIGURES 1-4 shown in section,
depicting the die casting of that engine block;

FIGURE 6 is a fragmentary view showing a different
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2 -
portion of the engine block as shown in FIGURES 14
in the die casting of that engine block;

FIGURE 7 is a front elevational view, with some parts
in section and some parts shown broken away, of 2 modi-
fied engine assembly embodying some of the features of
this invention;

FIGURE 8 is a fragmentary top elevational view of
the engine block of the engine assembly shown in FIG-
URE 7; .

FIGURE 9 is a fragmentary view, with one portion
of the engine block of FIGURES 7 and 8 shown in sec-
tion, depicting the die casting of that engine block;

FIGURE 10 is a fragmentary view showing a differ-
ent portion of the engine block as shown in FIGURES
7 and 8 in the die casting of that engine block; and

FIGURE 11 is a front elevational view with some
parts in section and some parts shown broken away of
another modified engine assembly embodying some of the
features of this invention.

While this invention is shown specifically in conjunc-
tion with an in-line six cylinder engine, it is to be under-
stood that the principles as set forth are not necessarily
restricted to that type of engine.

Looking now to FIGURES 1-4, an internal combus-
tion engine, generally designated by the numeral 29, com-
prises a cylinder head assembly 22, an engine block as-
sembly 24, and a plurality of bearing block assemblies
26, all vertically joined or clamped together in a sand-
wich-type arrangement by means of a plurality of studs.
The studs are threaded at opposite extremities and the
sandwich is clamped together by tightening nuts disposed
at each extremity. The studs represent the primary
means by which the cylinder head assembly 22, the en-
gine block assembly 24 and the bearing block assembly
26 are retained together; thus, no threads are required
for structural purposes in the engine block and the loads
are carried by the studs themselves.

More specifically now and looking to FIGURE 2, the
internal combustion engine 20 is of an overhead valve
type construction with the cylinder head assembly 22 com-
prising a cylinder head 21 and, associated therewith by
means known in the art, intake and exhaust valve as-
semblies, generally designated by the numerals 28 and
30, respectively. The intake and exhaust valve assem-
blies 28 and 30 comprise the usual valve, valve spring
and rocker arm and are individual to intake and exhaust
manifold assemblies 32 and 34, respectively, which are
secured to the cylinder head 21 in a conventional man-
ner. The rocker arms are rockably secured to a rocker
arm bracket support 27 which is attached to the cylinder
head 21 in 2 manner to be described. Each of the plu-
rality of intake valve assemblies 28 and exhaust valve
assemblies 30 is associated with a corresponding one of
a plurality of combustion chambers 38 which are dis-
posed in the cylinder head 21.

The rocker arms associated with the valve assemblies
28 and 30 are driven by an overhead cam shaft 36 which,
in turn, is driven by the internal combustion engine 20
by means well known in the art. A cover plate 37 is
secured to and covers the top portion of the cylinder
head assembly 32, thereby protecting the cam shaft 36,
and the associated intake and exhaust valve assemblies 28
and 30, from dirt, etc. The cylinder head assembly 22
has a plurality of vertically extending bores 29 and 31

. which, at their outer extremities, extend through rela-

tively flat shoulder portions 33 and 35, respectively (see
FIGURE 3). o

Each of the plurality of combustion chambers 38 is
individual to one of-a plurality of cylinder bores 40 dis-
posed in the engine block assembly 24. The engine block
assembly 24 is comprised of an aluminum alloy engine
block- 42 into which has been cast at its upper end a
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plurality of vertically extending cylinder bores 48, since
however, the engine block 42 is constructed of an alumi-
num- alloy, the cylinder bores 48 are provided with an in-
ternal lining 44 of cast iron or some other more durable
metal. It is common practice to cast the cylinder bore
40 around the lining 44.

The engine block 42 has at its upper extremity a
generally rectangularly shaped rim portion 45 termin-
ating in a relatively flat faced surface 46 (FIGURE 4)
which is matable with a similar planar surface 47 (FIG-
URE 3) on the cylinder head 21. The upper rim por-
tion 45 has a plurality of inwardly extending bosses 48
having vertical bores 50 extending therethrough. Lo-
cated interiorly of the engine block 42 and spaced ver-
tically from the flat faced portion 46 is a flat web portion
52 which externally interconnects each of the plurality of
cylinder bores 40 and is connected to the rim portion 45.
The web portion 52 has a plarality of holes 54 and slots
56 extending therethrough for a purpose to be described.

The plurality of cylinder bores 40 are also externally
interconnected at their vertically lower extremities by
a generally rectangularly shaped lower web portion 58
(FIGURE 1). The web portion 58 is integral with an
outwardly extending semi-circularly shaped crankcase
portion 60. Internally, the crankcase portion 60 com-
prises a plurality of bays 62 individual to each of the
cylinder bores 40. Each bay is disposed between a
pair of a plurality of vertically downwardly extending
rib portions 64 with each of the rib portions 64 adapted to
receive one of the plurality of bearing block assemblies
26. The rib portions 64 extend transversely across the
width of the crankcase portion 60 and have located
therein a pair of vertically extending spaced bores
66 which are in axial alignment with and individual to
ones of the plurality of bores 58 disposed in the bosses
48 in the upper rim portion 45. Each of the bores 66
have enlarged diameter bore portions 67 for a pur-
pose to be described. On the outside surface of the crank-
case portion 60 is located a plurality of pairs of vertically
downwardly extending ribs 68 (see FIGURE 1) which
are substantially disposed in alignment with the internal
rib portions 64 and hence are in alignment with the lo-
cation of the bearing block assemblies 26. These ribs
are included to lend strength and rigidity to the engine
block 42. The plurality of pairs of ribs 68 are inter-
connected by a longitudinally extending rib 70 and
diagonally extending ribs 72. The plurality of pairs
of ribs 68 are integral with inwardly extending boss por-
tions 74 (FIGURES 1 and 3) having a bore 76 extending
therethrough for a purpose to be described.

A longitudinally extending slot 78 is cast or other-
wise formed in the external portion of one side of the
web portion 58. A plurality of bores 80 communicate
the slot 78 with the enlarged bore porticns 67 of each
of the bores 66 on that side of the engine block 42. A
pair of thin ribbed water jacket members 82 are se-
cured to both sides of the engine block 42 by means of
a plurality of bolts 84 threadably engaged with the upper
rim portion 45 and the lower web portion 58. Note
that, while the bolts 84 are threadably engaged with the
aluminum alloy engine block 42, it is not for the pur-
pose of sustaining loads but simply to secure the thin
water jackets which in the preferred embodiment are
made of aluminum alloy, and which, as will be seen, are
not structural members. The upper web portion 52 and
the lower web portion 58, along with the water jacket
members 82, define therein an enclosed chamber for
holding the engine coolant. Looking to FIGURE 1,
it can be seen that this chamber provides circulation of
the coolant peripherally about the plurality of cylinder
bores 40. The portion of the engine assembly 20 above
the upper web portion 532 is in fluid communication
with the enclosed chamber just described by means of
the plurality of holes 54 and slots 56 in the upper web
portion 52. Looking now to FIGURE 1, coolant can
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be pumped into the cylinder head assembly 22 by con-
ventional means (not shown) through an inlet pipe 86
and into a passageway 88 disposed in the cylinder head
assembly 22. The passageway 88 leads to the usual
cooling chambers in the cylinder head assembly 22 for
cooling the combustion chambers 38 and is in commu-
nication, by means known in the art, with the enclosed
area about the cylinder bores 40 previously described.
The coolant is exhausted from the above described cham-
bers by means (not shown) back to the water pump
(not shown).

The surface 47 of the cylinder head 21 is separated
from the mating, planar surface 46 on the rectangular
upper rim portion 45 of the engine block 42 by means of
a gasket 90 which prevents leakage of the coolant there-
between; likewise, a pair of gaskets 92 are inserted be-
tween the water jacket members 82 and the engine block
42 to prevent the coolant from leaking therebetween.

The internal rib portions 64 have a thin center portion
94 (FIGURE 3) blending into and integral with thicker
outer portions 96 through which the bores 66 and 67 ex-
tend. The thicker outer portions 86 generally define a
rectangular opening 98 for matably receiving one of the
plurality of bearing block assemblies 26. Each of the
bearing block assemblies 26 comprises an upper bearing
block member 160 and a lower bearing cap member 102
which are retained together in a manner to be described
and which define at their ends a generally rectangular
shape matable with the generally rectangular cavity 98.
The bearing block member 100 and bearing cap member
102 are made of cast iron or other similarly hard and
durable material for a purpose to be readily apparent.
The center portion of the upper bearing block 100 and
the bearing cap member 102 extends arcuately outwardly.
The thin center portion 94 of the internal rib portion
64 is relieved such that the upper bearing block mem-
ber 100 engages the upper rib portion 64 only at the
thick outer portions 96.

The upper bearing block member 100 and the lower
bearing cap 102 have pairs of aligned bores 104 and
106, respectively, for a purpose to be described. When
each of the bearing block assemblies 26 is properly fitted
within the rectangularly shaped aperture 98, the bores
104 and 106 are at axial alignment with the bores 67
and 66 in the thick outer portion 96 of the internal rib
portion 64 and are therefore also in alignment with in-
dividual ones of the plurality of bores 50 in the upper
rim portion 45 and with individual ones of the bores 29
and 31 inthe cylinder head 21.

Disposed in each of the bores in the plurality of bear-
ing block assemblies 26 and in the engine block 42 which
are in alignment with and individual to one of the bores
29 in the c¢ylinder head 21 is a stud 108 (FIGURE 3).
Disposed in each of the bores in the plurality of bearing
block assemblies 26 and the engine block 42 which are
in alignment with and individual to the bores 31 in the
cylinder head 21 is another similarly constructed stud
108", The studs 108 and 108’ are threaded at the oppo-
site extremities 112, 114 and 112’, 114’, respectively.

The stud 168 has a first shank portion 12& of a di-
ameter less than that of the bore 28 and passes through
the bore 29 and terminates therein in an enlarged di-
ameter portion 122 which is of substantially the same
diameter as the bore 29. The enlarged diameter portion
122 is located at the juncture between the rocker arm
bracket support 27 and the top portion of the cylinder
head assembly 22 such as to provide a seal at that junc-
ture. The remainder of the stud 129 at that end passes
through a bore 124 in the rocker arm bracket support
with the threaded portion 112 extending partially out-
wardly therefrom. The other end of the shank 120 ter-
minates in an enlarged head portion 126 which bears
against the thicker outer portion 96 of the internal rib
portion 66. The enlarged head portion 126 can be
provided with a plurality of peripheral faces to be mat-
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able with a similarly faced groove or recess in the top
surface of the internal rib portion 64 thereby preventing
any tendency for rotation of the stud 108. Extending
from the head portion 126 is a second shank portion 128
which is matable within the bore 66 and extends through
the bore 67. The diameter of the bore 67 is somewhat
larger than that of the shank portion 128, thus leaving a
space therebetween for a purpose to be described. The
shank portion 128 also extends through the bores 104
and 106 in the upper bearing block 166 and in the lower
bearing cap 162, respectively, and has an enlarged di-
ameter portion 130 which is disposed at the juncture. of
the upper bearing block member 100 and the lower bear-
ing cap member 102, thereby closing off at that point the
communicating bores 67 and 104, since the portion 130
is substantially of the same diameter as the bores 104,
106. The threaded portion 114 extends outwardly par-
tially beyond the lower bearing cap member 102. A nut
116 engageable with the threaded portion 114 is tightened
against a washer 132 and hence against the lower bearing
cap member 102 and provides a clamping force with the
enlarged head portion 126, thereby securely clamping the
individual ones of the bearing block assemblies 26 to the
rectangular aperture 98 of the internal rib portion 64.
Likewise, a nut 136 is threadable on the threaded end
112 against a washer 138 and thereby secures the rocker
arm bracket support 27 to the cylinder head 21 which
in turn then is secured to the upper rim portion 45 of the
engine block member 42. A plurality of studs 141 are
also used to secure the rocker arm bracket support 27 to
the cylinder head assembly 22 but these studs are not
used to carry any appreciable load.

In a similar manner, the stud 168" has a nut 116’ en-
gageable with the threaded portion 114’ and tightened
against a washer 132" and hence against the lower bear-
ing cap member 102 for providing a clamping force with
an enlarged head portion 126’ to further secure the in-
dividual ones of the bearing block assemblies 26 to the
rectangular aperture 98 of the internal rib portion 64.
Likewise, a nut 136’ is threadable on the threaded end
112’ against a washer 138’ and thereby further secures
the cylinder head 21 to the upper rim portion 45 of the
engine block member 42. As with the stud 198, the stud
108’ has an enlarged diameter portion 130’ matably dis-
posed in the bores 104, 166 at the juncture of the upper
bearing block member 100 and the lower bearing cap
member 102.

Fach of the lower bearing cap members 102 has a pair
of horizontally extended threaded bores 146 in alignment
with the bores 76 in the boss portions 74. The threaded
bores are engageable by a plurality of studs 142 passing
through bores 76, each of which has a head portion bear-
ing against the boss portions 74 via lock washers 144 to
further secure the bearing block assemblies 26 within
the rectangular aperture 98 in the internal rib portions
64. The studs 142, by being so located, prevent the
crankcase portion 60 from flexing outwardly, due to
horizontal load components on the associated crank-
shaft.

Note that in the construction just described, while
the studs 108 and 108’ react the vertical engine load
components, there is no threaded engagement anywhere
with the aluminum engine block 42 or any aluminum
alloy member in which a component of the engine load
is to be reacted. Also note that, since the load is sub-
stantially taken by the studs 168 and 108’, the water
jacket members 82 and also the walls of the cylinder
bores 8¢ can be constructed of thin gauge, thereby pro-
viding a saving in material. Note that even the side loads
on the crankshaft, while reacted against the aluminum
crankcase, are not reacted through threads in. the alu-
minum crankcase portion 60 but rather through threads
in the lower bearing cap member 192 which is made of
a stronger material, such as cast iron.

Each of the bearing block assemblies 26 has disposed
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therein a main bearing 143 for rotatably holding a jour-
nal 145 of a crankcase 146. Secured to each of the
throws 148 of the crankshaft 146 is a piston assembly
158 (FIGURE 2) which is of a conventional construc-
tion and comprises a piston head having the usual oil
and pressure rings, connected to the small end of a con-
necting rod by a wrist pin, with the enlarged end of the-
connecting rod bearing connected to one of the throws of
the crankshaft by means of a connecting rod cap and
bearing inserts. An oil pan member 154 (FIGURE 3)is
bolted by a plurality of bolts 156 and associated washers
158 to a flat face 160 at the bottom extremity of the
crankcase portion 66 with a gasket member 170 sand-
wiched in between to provide a seal.

In order to provide lubrication to the main bearings
143, the transversely extending slot 78 is connected to
the oil supply system (not shown) provided by means
well known in the art. -The enlarged bore 67 is in com-
munication with the slot 78 via the bore 80, thereby pro-
viding an oil passageway to the upper bearing block mem-
ber 108, This member is provided with a bore 172
which connects the bore 67 to the main bearing 143.
Since the bore 67 is larger than the diameter of the shank
128 of stud 108, oil can pass from the oil pump through
the oil gallery 78 through the bore 89, through the gap
between the bore 67 and the shank 128, through the bore
172 and thence to the main bearing 142. Note that all
of the passageways described save for the bore 172 in the
upper bearing block member 106 can be cored within
the engine block 42, thus eliminating the need for ma-
chining. The slot 78 forms the oil gallery by means of
the water jacket member 82 located on the open side
of the slot; a seal is provided.therebetween to prevent
leakage.

Thus the internal combustion engine assembly 20, as
described, provides an engine block member 42 which
requires only a minimum of machining and provides a
construction in which not load-carrying connections are
made by means of threads in the aluminum alloy engine
block 42; also the water jacket members 82 and the walls
of the cylinder bores 40 can be maintained thin, since
the load is carried by the plurality of studs 168 and 108".

The aluminum alloy engine block 42, as previously dis-
cussed, can be formed by a novel method and apparatus
as shown in the FIGURES 5 and 6. It is customary in
the die casting of aluminum engine blocks to form the
cylinder bores and the water jacket by pulling the. as-
sociated die from the top of the bores. The cylinder block
42 as shown and previously described, however, can be
die cast by pulling the dies forming the cylinder bores
and the water jacket area from the sides. By die casting
the block 42 by the latter method, the walls of the cylinder
bores can be cast thinner and also, thinner, separate water
jackets 82 can be provided.

Looking now specifically to FIGURES 5 and 6, an
upper slide 180 and a lower slide 182 define the outer
configuration of the cylinder bores 49 and the crankcase
portion 60 with its associated ribbing; the oil gallery slot
78 with the associated apertures 80 and the bores 76
for receiving the plurality -of studs 142 (FIGURE 3) are
cored in the upper and lower slides 180 and 182, respec-
tively. A stationary die section 184 cooperates with an
ejector die section 186 to define the remainder of the die
cast aluminum engine block 42, The stationary die sec-
tion 184, which defines the internal portion of the engine
block 42, has secured to it a die mandrel portion 188
on which is locatéd the internal cylinder bore lining
44. The mandrel 188 positionally locates the lining 44
and cooperates with the mpper slide 180 and the lower
slide 182 to define the plurality of cylinder bores 40.
The bore liner 44 of cast iron or the like is keyed in the
proper position by means of keys 19¢ on the die mandrel
188. In the stationary die section 184 means are pro-
vided to core the bore 66 and the enlarged bore 67 which
extend through the internal rib portion 64. The rec-
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tangularly shaped aperture or cavity 98 is also defined
by the stationary section 184. The ejector die section 186
defines the upper rim portion 45 (FIGURE 5) and, to-
gether with the stationary die section 184, defines the up-
per web portion 52 while coring the holes 54 provided
therein for coolant circulation. The ejector die section
186 also defines the plurality of bosses 48 and has
cored therein the bores 58 extending therethrough.

In die casting the cylinder block as shown in FIG-
URES 5 and 6, the aluminum alloy is forced under pres-
sure through a shot tube or gate, generally indicated by
the numeral 189, until the cavity between the upper slide
186, the lower slide 182, the stationary die section 184
and the ejector die section 186 is filled. On completion
of the operation, the upper and lower slides 189 and 182
are parted and the ejector die section 186 is moved out-
wardly, leaving the die cast aluminum engine block 42.

In addition to the other advantages previously enu-
merated, another advantage of die casting an engine block
by pulling the dies and hence forming the cylinders from
the sides, as described, is that the cooling passageways
can be made to extend literally completely around the
periphery of the cylinder bores 49.

Some of the features of this invention are equally ap-
plicable to a die cast aluminum alloy block in which the
cylinder bores and water jackets have been cast by pulling
the die out from the top.

Looking now to FIGURE 7, a modified internal com-
bustion engine assembly 20a is shown in which com-
ponents similar to those in the previously discussed em-
bodiment, as shown in FIGURES 1-4, are given similar
numbers with the addition of the suffix “a.” Thus the
internal combustion engine assembly 20z comprises a
cylinder head assembly 2Za, an engine block assembly
24a and a plurality of bearing block assemblies 26a
secured or clamped together by a plurality of studs 1684
and 1684". The studs 1684 and 108¢’ have enlarged
diameter threaded portions 1264 and 126a’, respectively,
intermediate their ends upon which are secured a pair of
nut and lock washer assemblies 192 and 192’, respec-
tively.

The engine block assembly 24g includes an aluminum
alloy die cast engine block 42a which has integrally die
cast water jacket walls 82a. The water jacket walls 82a
terminate in an upper rim portion 454 (FIGURE 8)
which has cast or cored therein a plurality of bores 50a
through which the studs 108a and 1684’ pass. Integrally
with the engine block 42a are a plurality of cylinder
bores 40a having cast therein liners 44a of cast iron
or some other similar material. The plurality of cylin-
der bores 40a are externally connected at their vertically
lower extremities to a generally rectangularly shaped web
portion 58a which is integral with a crankcase portion
60a of the block 42a. Adjacent ones of the cylinder
bores 40a are interconnected by vertically extending rib
portions 58a’. Each of a plurality of transverse rib por-
tions 64a in the engine block 42a define a recess 98a for
matably receiving that one of the plurality of bearing
block -assemblies with which it is individual.

In the embodiment shown in FIGURES 7 and 8, since
there is no web portion connecting the cylinder bores 4&a
at their upper ends similar to the web portion 52, (FIG-
URE 4) of the first embodiment, the water or coolant is
free to circulate around the bores 48 without the necessity
of holes and slots 54 and 56, respectively. However, note
that with the vertical rib portion 58a’, the coolant cannot
circulate as completely around the periphery of the bores
40a in the block 42a as was possible with the previously
discussed embodiment.

The studs 1084 and 1084’ have threaded portions 1124, )

1124’ and 114q, 1144’, respectively, at opposite ends. In
assembling the engine assembly 28a, nuts 1364 and 1364’
are disposed on threaded portions 112a and 1124’, respec-
tively, and nuts 1164 and 1164’ are threaded on portions
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1344 and 114qa’, respectively. When these have been
tightened down and the nut and lock washer assemblies
192 and 192, respectively, have been secured, the engine
assembly 20a is then thereby held or clamped together.
Thus, as in the previously described embodimeént shown
in FIGURES 1-4, the vertical loads occurring within the
engine assembly 20a are not taken by any threaded con-
nection with the die cast aluminum alloy engine block
42a, but rather by the studs 1682 and 108a’.

Since the water jackets 82a are cast integrally with the
engine block 424, the oil gallery 78a is longitudinally
cored completely within the engine block 42a. In this
construction, the enlarged bore 67a through which the
stud 108a passes is not used for the oil passageway but
a separate passageway 194 is cored to communicate with
the longitudinal passageway 784. Each of the bearing
block assemblies 26a is similar to the bearing block as-
sembly 26 of FIGURES 1-4 and comprises an upper
bearing block member 100a and a lower bearing cap
1024 for holding a main bearing member 1434. A pair
of back-to-back counterbores in the bearing block mem-
ber 186a and bearing cap 102z define a chamber 1044
through which a portion of the stud 1084 passes in clear-
ance relationship. A groove 198 in that face of the
upper bearing block 108a mating with the bearing cap
102a communicates the main bearing 1434 with the bore
194 via the chamber 184a and a vertically extending
groove 196 in the bearing block 100a which is in align-
ment with the bore 194. Thus, each of the main bearings
143a can be lubricated by means of the oil gallery 78a
and the respective bores 194, grooves 196 and 198 and
chambers 104a. Similarly to the embodiment shown in
FIGURES 1-4, each of the bearing block assemblies
26a is further maintained within the recess 984 in the
transverse rib portion 64a by means of bolts 1424 extend-
ing through bores 76a in boss portions 74a and threadably
engaging the bearing block assemblies 264. Note again
that in respect to the aluminum alioy engine block 424,
the oil passageways can all be cored, thereby eliminating
the need for any machining. Since the rest of the struc-
ture of the engine assembly 204 is similar to that as shown
in FIGURES 1-4 and as previously described, the re-
maining portions will not be described here.

The structure of the engine block 424 shown in
FIGURES 7 and 8 facilitates casting of the water jacket
82a and the cylinder bores 404 by pulling the die forming
that structure out from the top rather than from the
sides as with the embodiment shown in FIGURES 1-4.

Looking now specifically to FIGURES 9 and 10, an
upper slide 1894 and a lower slide 1824 define the outer
configuration of the water jackets 8§24 and the crank-
case portion 6Ga with its associated ribbing and have
cored therein the bores 76a for receiving the plurality
of studs 1424 (FIGURE 7). A stationary die section
184a cooperates with an ejector die section 1864 to de-
fine the remainder of the die cast aluminum alloy engine
block 42a. The stationary die section 184a which de-
fines the internal portion of engine block 424 has secured
to it a die mandrel portion 1884 on which is located the
internal cylinder bore lining 44a; thus the mandrel 188a,
along with the bore liner 44a of cast iron or the like,
defines the diameter of the cylinder bore 4064. The die
section 184q also cores the plurality of vertically extend-
ing enlarged bores 67a through which the studs 1084
and 108a" extend as well as the vertical bores 194 in
communication with the longitudinally extending oil
gallery 78a which is cored separately by a coring rod
202. The ejector die section 1864 defines the internal
configuration of the water jackets 82a and also the ex-
ternal diameter of the cylinder walls 484. The upper and
lower slides 186a and 182a also define the upper rim
portion 45z while the ejector die section 1864 cores the
plurality of holes 5@a through which the plurality of
studs 108a and 1684’ extend.
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In die casting the cylinder block 424 as shown in
FIGURES 9 and 10, the aluminum alloy is forced under
pressure through a shot tube or gate generally indicated
by the numeral 189%a until the cavity between the upper
slide 1804, the lower slide 1824, the stationary die section
1844 and the ejector die section 186¢ is filled.. On com-

pletion of the operation, the upper and lower slides 130
and 182 are parted and the ejector slide 186a is moved
outwardly. ‘The rod 202 used to core the longitudinal
bore 78a forming the oil gallery is then removed, thus
leaving the die cast block 42a.

Still another modification of the engine assembly as
shown in FIGURES 1-4 is shown in FIGURE 11. In
this modification, components serving similar functions
to like components of the embodiments shown in FIG-
URES 1-4 are given similar numbers with the suffix
© “p” added.

Looking now to FIGURE 11, an internal combustion
engine assembly 29b comprises a cylinder head assembly
22b, an engine block assembly 24b, and a plurality of
bearing block assemblies 265, all vertically joined or
clamped together in a sandwichtype arrangement by
means of a plurality of studs. Instead of utilizing single
studs similar to 108 and 108’ to extend vertically through
the engine assembly as shown in the embodiment depicted
in FIGURES 14, pairs of studs 1085, 108B and 108b’,
108B’, respectively, are used. Thus the studs 1085 and
108b’ secure the cylinder head assembly 225 to the engine
block assembly 425 while the studs 108B and 108B’ secure
each of the bearing block assemblies 266 to the engine
block 42b.

The engine block 42b has an upper rim portion 45b
in which the thickness and hence the strength of the
bosses through which the studs 1085 and 108b" extend
has been increased in order to accommodate the load
now applied thereto. Thus the cylinder head assembly
225 is secured to the engine block 42b of the block as-
sembly 24b by means of nuts 1365, 1365°, and the asso-
ciated washers, threaded on one end of studs 10856 and
1085’, respectively, and by means of nuts 2060, 200’ and
the associated washers, threaded on the opposite end of
studs 1085 and 108b’. Each of the bearing block as-
semblies 26b is secured or clamped to the engine block
42)H by means of the studs 108B and 108B’ which extend
through in-line bores in the transverse rib portion 645 and
in that one of the bearing block assemblies 265 with
which it is individual and by means of nut and lock washer
assemblies 1925 and 192b’ threaded on one end of the
studs and in engagement with external shoulders 264 on
the transverse rib portion 645 and nuts 116b and 1165’
threaded on the other end of the studs and bearing against
that bearing block assembly 265b.

Note also in the construction as shown in FIGURE 11
that no load carrying connection is made by means of
threads within the aluminum alloy die cast aluminum
engine block 42bh. The provision for the oil gallery
78b and for communication therefrom to the main bear-

. ing 143b is similar to that as shown and described with

reference to the embodiment shown in FIGURE 7. In
general then, the structure of the engine block 42b
shown in FIGURE 11 is similar to that as shown in FIG-
URE 7 and could be cast by a method and apparatus
similar to that described in conjunction with FIGURES 8
and 9.

While it will be apparent that the preferred embodi-
ments of the invention disclosed are well calculated to
fufill the objects above stated, it will be appreciated that
the invention is susceptible to modification, variation and
change without departing from the proper scope or fair
meaning of the subjoined claims. :

We claim: .

1. The method of die-casting an engine block of a
lightweight metal comprising a plurality of in-line ver-
tically upwardly extending cylinder bores each having
a cylindrical cast iron sleeve secured therein, an upper
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10
rim portion having a plurality of bores therethrough and
connected to an upper portion of each of said cylinder
bores by a web portion, a lower web portion externally
connecting each of said cylinder bores at a lower portion
thereof, an outwardly extending crankcase portion integral

" with said lower web portion, a plurality of transversely

extending lower rib portions disposed in said crankcase
portion each defining a recess at its lower extremity and
cach having a pair of spaced bores extending vertically
therethrough, each of said spaced bores being individual
to and in axial alignment with one of said plurality of
bores in said upper rim portion, said engine black having
a longitudinally extending slot opening upwardly on one
side thereof, and each of a plurality of passageways inter-
connecting said slot with those of said spaced bores on
said one side, said method of die-casting comprising the
steps of locating the plurality of cast iron sleeves on to
a plurality of mandrels secured to a stationary die section,
the stationary die section defining the internal configura-
tion of the crankcase portion and having means for
coring each pair of spaced bores in each of the lower rib
portions, disposing an upper and lower slide die section
oppositely and proximate to the statiomary die section
to define the outer configuration of the crankcase portion
and to define the outer configuration of each of the
plurality of cylinder bores, one of the slide die sections
having means for coring the longitudinally extending
slot and plurality of passageways interconnecting the slot
with the spaced bores on that side, disposing an ejector
slide die section proximate to the upper and lower slide
die sections to define therewith the upper rim portion and
to core therethrough the plurality of bores, and injecting
molten lightweight metal into the cavity defined by the
stationary die section, the upper and lower slide die sec-
tions and the injector slide die section to form the engine
block.

2. The method of die-casting an engine block of light-
weight metal comprising a plurality of in-line vertically
upwardly extending cylinder bores and an upper rim
portion connected to an upper portion of each of said
cylinder bores, said method comprising the steps of
locating a stationary die section having a plurality of
mandrels thereon between an upper and lower slide die
section such that the cavity between the mandrels and
slide die sections defines the plurality of cylinder bores,
locating an ejector slide die section proximate the upper
and lower slide die sections to define therewith the upper
rim portion, and injecting molten lightweight metal into
the cavity defined by the stationary die section, the upper
and lower slide die sections and the injector slide die
section to form the engine block.

3. The method of die-casting an aluminum alloy engine
block comprising a plurality of in-line vertically upwardly
extending cylinder bores each having a cylindrical cast
iron sleeve secured therein, a pair of vertically upwardly
extending water jacket walls disposed on opposite sides
of said plurality of said cylinder bores, an upper rim
portion having a plurality of bores therethrough and
connected to said water jacket walls, a lower web por-
tion externally interconnecting each of said cylinder bores
at a lower portion thereof, an outwardly extending crank-
case portion integral with said lower web portion, a plu-
rality of transversely extending lower rib portions dis-
posed in said crankcase portion each defining a recess
at its lower extremity and each having a pair of spaced
bores extending vertically therethrough, each of said
spaced bores being individual and in axial alignment with
one of said plurality of bores in said upper rim por-
tion, one side of said engine block having a longitudinally
extending bore, and each of a plurality of vertical bores
disposed in said lower rib portions on said one side of
said engine block in communication with said longi-
tudinally extending bore; said method comprising the
steps of locating the plurality of cast iron sleeves onto a
plurality of mandrels secured to a stationary die section,
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the stationary die section defining the internal configura-
tion of the crankcase portion and having means for coring
each pair of spaced bores and the vertical bores in each
of the lower rib portions, coring the longitudinally extend-
ing bore such that it is in communication with each of the
vertical bores, disposing an upper and lower slide die
section oppositely and proximate to the stationary die
section to define the outer configuration of the crankcase
portion, disposing an ejector slide die section proximate
to the upper and lower die sections to define therewith
the upper rim portion and to core therethrough the plu-
rality of bores, the ejector slide die section having means
cooperating with the upper and lower slide die sections
to define therebetween the water-jacket walls and co-
operating with the mandrels having the cast iron sleeve
thereon to define therebetween the cylinder bores, and
injecting molten aluminum alloy into the cavity defined
by the stationary die section, the upper and lower slide
die sections and the injector slide die section to form the
aluminum alloy engine block.

4. The method of die casting an engine block having
a plurality of in-line, outwardly extending cylinder bores
comprising the steps of forming the radially inner sur-
face of the cylinder bores by coaxially extending members
and forming the radially outer surface of the cylinder
bores by a pair of oppositely located dies movable trans-
versely relative to the axis of the cylinder bores.

5. The method of die casting an engine block compris-
ing a plurality of in-line vertically, upwardly extending
cylinder bores and an upper rim portion connected to an
upper portion of each said cylinder bores, said method
comprising the steps of forming the upper surface of the
upper rim portion and the radially inner surface of the
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cylinder bores by a structure having members extending
coaxially with the cylinder bores and by forming the
radially outer surface of the cylinder bores by oppositely
located dies movable transversely relative to the axis
of the cylinder bores.

6. The method of die casting an engine block compris-
ing a plurality of in-line, vertically extending cylinder
bores and an upper rim portion of each of said cylinder
bores, said method comprising the steps of forming the
upper surface of the upper rim portion and the radially
inner surface of the cylinder bores by a structure having
members each including a cast iron sleeve extending co-
axially with the cylinder bores and by forming the re-
mainder of the upper rim portion and the radially outer -
surface of the cylinder bores by a pair of oppositely
located dies movable transversely relative to the axis of
the cylinder bores.
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