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. ENGINE AND METHOD OF MAKING
PARTS THEREOF

Alexander G. Herreshoft,

Grosse Pointe, and

Addison R. Houk, Detroit, Mich., assignors to

Chrysler Corporation.
corporation of Delaware

Highland Park, Mich., a

Application March-24, 1944, Serial No. 527,892
15 Claims. (CL 123—173)

This invention relates to engines and refers
more particularly to improvements in engines of
the types used in aircraft although in its broad
aspects our improvements are useful to advantage
in engines adapted for any other use.

In the construction of aircraft engines where
weight iIs of great importance, it is customary to
form the cylinder heads as castings of light weight .
alloys such as aluminum, magnesium, or Duralu-
min. Such castings are open to a number of
objections. Because of strength requirements,
the wall thickness of such castings must be great.
er than desired thereby resulting in exzcessive
spacing of adjacent cylinders for a given cylin-
der bore. Further, such castings are subject to
failure owing to difficulty in maintaining uni-
formity in the structure of the various castings
including failures due to core shifting ang POros-
ity. In addition, such castings are objectionable
In that the intake and exhaust passages cannot
be finished to the desired streamline shape and
degree of smoothness for maximum operating efil~
ciency of the engine.

It is an object of our invention to overcome the
aforesaid difficulties and objections by the pro-
vision of-improved cylinder head construction and
method of making same. In cerrying out our
invention we form the main body portion of the
cylinder head of two steel forgings which are
brazed or otherwise integrally bonded together.
The plane of juncture between the two halves
extends through the axes or center lines of the
intake and exhaust passages and contains the axis
of the cylinder. Where the engine is of the Haguid
cooled type we have provided a novel structure of
sheet metal jacketing which is likewise brazed
or attached in equivalent manner to the main
cylinder head portions so as to provide a struc-
tural unit of the whole cylinder head. .

By reason of our invention the cylinder head
is formed of improved strength and uniformity
while at the same time having the desired degree
. of lightness of weight. Furthermore, the plane
of division in passing through the intake and ex-
haust ports or passages affords convenient access
thereto, prior to brazing the halves together, for
imparting the desired streamline shape and high
degree of smoothness. Also, as the walls may be
relatively thin, in comparison with cast alumi-
num, the cylinders may be disposed relatively
closer together for a given cylinder bore dimen-
sion, resulting in a material saving in the weight,
size and cost of the engine,

In the copending application of Alexander G.

\ 2 -
now Patent 2,402,889, June 25, 1846, there is dis-

" closed and claimed an engine or cylinder head
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formed of complementary sections meeting and
bonded to one another generally on a plane pass-
ing through the combustion chamber and the in-
take and exhause ports. The present applica-
tion involves certain changes that improve not
only the method of making an engine or cylin-
der head of that type but also the engine or
cylinder head itself. :

In the broad sense, the aforementioned co-
pending application relates to a structure formed
of complementary parts bonded to one another.
The present application offers certain improve-
ments that affect the methed followed in bond-
ing the parts of the structure and also the struc-
ture itself, since an improved joining of the parts
is obtained. : .

An object of the present invention is to pro-
vide improvement in a structure, particularly an
engine cylinder head, formed of complementary
parts bonded to one another. -

Another object is to improve a cylinder con-
struction formed of parts bonded together, which
construction includes a jacket for coolant and
tubular valve guides. With the improvements
of the present invention the jacket is formed in
several parts separate from the cylinder head
itself, and likewise the valve guides are formed
separately. The formation of the jacket and the
valve guides separate from the cylinder head it-
self permits an improved formation and bond-
ing of all the parts involved. . .

A further object is to provide structural aids
to the bonded construction of g cylinder head -
formed of complementary parts. More particu-
larly the cylinder head of the present invention
includes parts that hold together component
members of the head while they are being bonded
together. These parts form a permanent part
of the cylinder head in its final form and con-
tribute to the final form in that they continue
their holding action even after the bonding oper-
ation, ' :

Still another object is to provide an improved
method for forming a cylinder from a Dlurality
of parts bonded to one another and more par-
ticularly a method of manufacture involving the
use of the parts employed for holding comple-
mentary members being bonded as mentioned in
the preceding paragraph.

A further object is to improve a method of
bonding parts of an engine cylinder head to-
gether. With the cylinder head of the present

Herreshoff, Serial No. 447,532, fil.! June 18, 1942, &8 invention a plurality of parts are bonded together
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in more than one bonding operation. We have
carried out the bonding operations so that the
heat of one bonding operation does not dele-
teriously affect the bonds produced by a previ-
ous bonding operation.

1t is frequently a problem during the bonding
of several parts together to form a composite
structure, particularly an engine cylinder head,
{0 hold the pa:ts with sufficient force for a good
bond. According to the preseni invention in one
of its aspects, the said several parts to be bonded
are held together by other parts that form part
of the final structure and of which some are
bonded to parts of the final structure. This im-
provement is advantageously applied to the cylin-
der head construction disclosed in the afore-
mentioned copendir.g application.

ther objects will appear from the disclosure.

Fig. 1 is a transverse sectional elevational view
through the iliustrated engine.

Fig. 2 is a bottom plan view of the cylinder
head assembly which is shown at the left side
of Fig. 1. .

Fig. 3 is a sectional elevational view taken ap-
proximately as indicated by line 3-—3 of Fig. 2.

Fig. 4 is a side elevational view of the cylin-
der ..ead taken as indicated by line 4—4 of Fig. 1.

Fig. 5 is an enlarged sectional elevational view
of the left cylinder and cylinder head assembly
as seen in Fu.g. L.

Fig. 6 is an inverted perspective view of the
cyuicer head assembiy, the component paris of
he man body and jacketing portions being
hown scparated at their brazed surfaces, a por-
tion of .he jacket being broken away.

F.g. 7 is a perspective view of one of the com-
ponent jacketing portions as seen in Fig. 6.

F.g. 8 is a seccional view showing a detail.

Fg. 9 is a perspective view showing a step
in the manufaciure of the structure of the pres-
e..l invention. ’ .

Re.erring to the drawings. we have illustrated
our invention in connection with an internal
combustion engine of the inverted V-type in
which the cylinders are positioned inverted with
respect to more conventional practice. Fig. 1 is
a typical transverse section through a pair of
the V-arranged cylinders of each bank. Our
invention is not limited to engines having any
particular number, arrangement, or positioning
of cylinders as it is more concerned with the
construction of the ¢yinder heads and associ-

ciated parts of the engine together with the.

method of making the same.

In Fig. 1 the engine comprises a casing strue-
ture in the form of g casting 10 carrying bearings
such as at if for journalling the crankshaft (2
connected by rods 13 to the respective pistons.
{4. The casing 10 at each typical section cor-
responding to the Fig. 1 showing is formed with
a pair of V-arranged cylinder-receiving tubu-

10

the cylinder head to the outlet {6 and header
§1. The outer end of the cylinder {6 mounts
the cylinder head assembly A by a threaded con-
nection 20 (Fig. 5).

The cylinder head A comprises a pair of gen-
erally similar steel forgings 21 and 22 each of
which is formed with a plane boundary surface
23 extending transversely of the engine. De-
pressed or extending from each surface 23 is a
concave hemi-intake port or passage 24 and a
concave hemi-exhaust port or passage 25. Hemi-
openings 26 and 27 are formed, respectively, at

. the hemi-ports 24 and 25 and receive, respec-

15

" port 24.

tively, tubular guides 28 and 29 for intake valve
30 and exhaust valve 31{. At each hemi-open-
ing 26 a boss 32 extends outwardly of the hemi-
At each hemi-opening 31 the hemi-

" port 25 is depressed inwardly as indicated at 33.
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lar portions 1§ each having a coolant outlet is -

for admitting coolant to g header {7 formed in

the casing. -

. Inasmuch as any cylinder and its assocciated
cylinder head of the engine is typical of the

group, I have arbitrarily selected the left cylin-

der of Fig. 1 to illustrate the details of my inven-

65

tion and the foilowing description will, for the ~

most part, be directed to this typical structure in
which the piston 14 operates in a cylinder I8
securely seated adjacent its inner end to the
inner end of the tubular portion {5 and spaced
therefrom to provide a liquid coolant jacket 9

from which coolant is circulated inwardly from

70

75

The forgings 21 and 22 each have a hemi-cylin-
drical cylinder-carrying portion 34 depending in-
wardly of the engine from the hemi-ports 24 and
25, and having a hemispherical combustion cham-
ber portion 35 open to the inner ends of the hemi-
ports where the ports are shouldered to receive
the valve seat inserts 36 and 31.

The forgings 21 and 22 form the main body
portions of the cylinder head A and are copper
brazed or otherwise integrally bonded together
at their mating surfaces 23 such that the corre-
sponding concave or depressed portions aforesaid
align with each other as will be readily under-
stood to form the complet intake and exhaust
ports, valve stem guide-receiving cylindrical
openings, cylinder-carrying portion, and combus-
tion chamber. The forgings 21 and 22 are held
together not only by brazing of the forgings but
also by means of rings 38, 39, and 40, shrunk upon
the assembled forgings. Ring 38 embraces the
forgings 21 and 22 at the hemi-intake ports 24
abutting a flange 41. Ring 39 embraces the forg-
ings at the hemi-exhaust ports 25 abuiting a
flange 42. Ring 40 embraces the hemi-cylindrical
cylinder-carrying portions 34. Before the rings
are applied to the forgings, rivets 43 are applied
through portions 44 between the hemi-ports 24
and 25 to hold the forgings in assembled relation
properly, so that various finishing operations may
be formed. For example, after riveting the por-
tions of the forging on which the rings 38, 39, and
40 are shrunk are finished so that the rings will
seat properly. Rivets 45 are also applied to the
portions 46 of the forgings, the rivets and por-
tions being indicated on dash-dot lines in Fig. 5,
for they are removed at some time prior to appli-
cation of the jacket members to the forgings.
After the rings are applied to the forgings, a hy-
drogen-brazing operation is performed to bond
the forgings to one another and the rings to the
forgings. The parts may have been coated with
copper. before assembly or may have copper or
other brazing material applied after assembly. In
the same brazing operation spark-plug inserts 47
may be bonded to the forgings. .

Thereafter the guides 28 and 29 are applied in
the openings 26 and 27 of the forgings 21 and 22
and & shelf member 48 formed of sheet metal is
applied to the forgings 21 and 22, the guides 28
and 29, and the rings 38 and 39. The shelf 48 con-
tacts the portions 44 of the forgings, and flanges
49 of the tubular guides 28 and 29 contact de-
pressed portions 492 formed in the shelf. The
shelf has a peripheral flange 50 contacting the
rings 38 and 39." The shelf 48 may be bonded to

-the rings 38 and 39, the forgings 2{ and 22, and

the tubular guides 28 and 29 to the forgings 24
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“and 22 in g single hydrogen-brazing operation by
means of a brazing material such as copper.

At this time the portions 48 and the rivets 48
may be cut away.’

Surrounding the forgings 21 and 22 are the
-enclosing coolant jacketing members 51 and 52
respectively, These jacketing members are steel
stampings, each having' a hemi-opening sur-
rounding the outer end of the associated hemi-
port 28 and a like opening surrounding the hemi-
port 26. At these regions the rings 38 and 38 are
set back of the outer ends of the ports, and shoul-

~ ders 53 are formed around the outer ends of the
ports beyond the rings 38 and 3¢ for receiving the
Jacketing members 51 and 52 flush with the.ends
of the ports.

At its outer end, each of the jacketing members
51 and 52 is formed with an in-turned flange &4

pU]

6

forging and boss 80 and is brazed in position.
Then the internal threads are cut In the insert,
the shouider 61 formed for fit with the jacket,
and the combustion chamber machined to desired
finish while at the same time the boss 84 is cut
away leaving the insert flush with the combustion
chamber contour. This practice is followed for-
each of the inserts which are brazed and ma-
chined at the same time,

The jacket members §i and 52 are soldered to
one another by the strips 86, to the ends of the

. ports 28 and 25 and the rings 38 and 39 at the

18

(Pig. 7) adapted to engage the bottom of the :

shelf 48, as seen at the left side of Pig. 5.

Each jacketing member 5! or 52 has a hemi-
cylindrical portion 55 spaced from the associated
hemi-cylindrical portion 34 of a forging 24 or 22
and concentric therewith so that the coolant may
circulate around the combustion chamber and
ports and pass inwardly of the engine to the
jacket 19. A bridge strip 56 is tack-welded to the
inner surface of one of the jacketing members,
such as jacketing member 61 (Fig. 6), adjacent
each marginal face 57 in the plane of face 23,
Each strip 56 extends from the inner end of the
jacket portion 55 to the ring 38 or 39 (Figs. 5 and
6) adjacent the outer ends of the port, the rings
being recessed to-seat these strips.

When the jacketing members 51 and 52 are

brought together, their corresponding faces §7.

abut each other in the same plane with the en-
gaging faces 23, and the portions of the bridge
pieces 56, which are shown projecting from these
faces, then engage the inner faces of the jacket-
ing member 52 so as to strengther the union be-
tween the jackets and facilitate soldering of the
jacketing members together, The bridge pieces
are soldered to the jacketing members §f and 52
at the same time that the jacketing members are
soldered together at faces §7.

Jacketing member 52 is formed with a struck-
out pocket portion 58 (Figs. 2 and 6) for receiv-
ing & coolant tube 89 which is disposed so that
its outlet 60 is directed toward the guide 28 for
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the exhaust valve stem for cooling the same at -

this critical region. The tube 59 is soldered in
position. Each spark-plug insert 47 has & shoul-
der 6{ for seating the marginal portion of an
opening 62 provided in the associated jacketing
member 5 or §2, the inserts being soldered to the
Jjacketing members to form a liquid-tight joint.
A protrusion 63 (Figs, 3 and 6) is integral with
the wall of forging 22 at the combustion chamber
and is similarly joined with the jacketing mem-
ber 52 at a shoulder 63. This protrusion 62 is
adapted to mount a further engine accessory such
as a liquid fuel injecting nozzle (not shown) of
any well known type when the engme is of the
fuel injection type.

In order to insure that the spark-plug inserts
47 shall conform with the desired smooth surface
of the combustion chamber and'also that the
shoulders 61 and 63 shall fit with the jackets, we

arrange these inserts for installation as follows.

Before the combustion chamber is machined the
forgings are provided with shoulders or bosses at
the locations of the inserts. For example, in Fig.
3 we have illustrated one of these bosses 64 for
an insert 47, The insert is threaded into the

shoulders §3, and to the under side of the shelf .
member 48 at the flanges 58. Also the jacket
members are soldered to the shoulders 6! and
63 of the inserts 87 and the protrusion 62. A
sealing and reinforcing ring 64 is alsc soldered
to the jacket members. .  All this may be done
in a single operation if desired. The term “sol-
dering” has been employed to describe the bond-
ing of these parts as against the term “braz-
ing” for the joining of certain other parts such
as the joining of the forgings 2/ and 22 to one
another, the rings 38, 39, and 48 to the forgings,
and the shelf member 48 to the forgings and the
rings in order that “soldering” may refer to
bonding at some relatively low temperature such
as with silver at about 1175° P, as against “braz-
ing” at some relatively high temperature such
as with copper at about 2050° F. This.is done in
order that the bonding of the jacket members
to the forgings, etc., will not disturb the previ-
ously formed bonds of the forgings and the rings.
Therefore, there will be no possibility that the
previously copper brazed parts be disturbed or
warped during the silver brazing of the jacket .
into position, especially as inspection of all of .
the copper brazed parts would be difficult after
brazing the jacket in the assembly. In addi-
tion, silver brazing is preferred for the jacket-
forming structure as this is somewhat more ef-
fective than copper brazing where the parts are
not held to closely fitting limits. It is neither
necessary nor convenient to hold the stamped
parts to such fit and therefore the well known
commercial silver brazing process is well adapted
for such stamped parts. However, welding or
copper brazing may be employed instead of sil-
ver brazing, if desired.

After the soldering of the jacket members, a
machining element 68 is employed to remove
the flanges 54 from the jacket members, as shown

in Fig. 9.

55

80

While the foregoing steps in my methods are
outlined as to some of the details which are in-
volved, it should be understood that the relative
order of conducting many of these steps may
be varied as desired and my method invention,
in its broader aspects is not limited to such out-
lined steps which have been set forth by way of

. iNustration, Furthermore, while I prefer to in-

65

70
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tegrally bond together the component parts of
my cylinder head construction by brazing, other
methods of integrally bonding may be employed,
such as welding, )

The plane 23 of bonding between the forgings
2] and 22 confains the axis of c¢ylinder I8 and
also the center of the spherical combustion
chamber 38, .

At the inner end of. the assembly, the terminal
cylinder-forming portions of the jacketing mem-
bers 5f and 52 are inwardly offset as shoulder
65 (Fig. 3) from portions adjacent thereto sur-
rounding the threaded connection 20. This off-
set end portion is fitted with the external re-
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inforcing ring 64 which has its opposite ends
flanged at 66 and 61 in relatively opposite di-
rections and is provided with an intermediate
strengthening rib 68. The inner end portion 67
pilots the ring into the tubular portion. {5 and
the intermediate portion of the ring cooperates
with a counterbore 69 of tubular portion {5 to
squeeze 8 deformable sealing ring T0 therebe-
tween sérving to form a fluid-tight joint.

" 'The cylinder i8 is securely seated in the ecas-
ing 10 to resist outward thrust of the cylinder
caused by the explosion pressure developed in
the combustion chamber 35. This pressure tends
to force the cylinder head outwardly and this
force -is transmitted to cylinder I8 through the
threaded connection 28.

Each cylinder has an annular shoulder 1{ in-
termediate its length for seating on an annular
shoulder 72 which bounds an opening in casing
10 through which opening the cylinder projects
to threadedly receive a clamp ring 13 at the
threads- 14 (Figs. 1 and 6). This clamp ring
seats on the inner face of shoulder T2 and serves
to hold the cylinder firmly secured to the cas-
ing 10,

In Figs. 2 and 6 it will be apparent that the
incoming coolant, which is supplied in any con-
venient manner to the tube 59 of each eylin-

der head, is discharged at 66 from each tube.

This tube is so directed in relation to the ex-
haust valve stem housing 29 that the incoming
coolant impinges directly against this housing
coming from a direction transversely to the axis
of the housing.  Therefore this critical region,
from a standpoint of heat developed at the cyl-
inder head, is maintained sufficiently. cool to
improve the operating efficiency of the combus-
tion process and the engine in general. In air-
craft engines the valve 3f and its stem is ordi-
nari’y hollow as shown in Fig. 5 to receive so-
dium or other medium to assist cooling of the
valve as is well known in the art. Our inven-
tion is especially useful in connection with valves
of this type and serves to carry away much of
the heat by efficient cooling of the housing 29.
In addition, our arrangement -insures against
sticking of the valve 31 from causes incident
to lack of proper cooling of the valve and its
stem. .

Each of valves 30 and 31 is supplied with
springs 15 and 16 acting between depressed por-
tion 49 of the plate member 48 and g spring
retainer 77 at the stem end of the valve.

Space for coolant is provided between the
jacket members 50 and 51 and the forgings 21
and 22. Portions 48 and rivets 45 are removed
before application of the jacket members to the
forgings in order that the coolant space will not
be restricted at the region of the portiong 46,

Reference has been made to the portions 44 of
the forgings 21 and 22 and the rivets 43 passing
through these portions to hold the forgings to-
gether. The portions #4 each comprise half of
one leg of an X-brace of which the other leg
designated by the reference character 18 extends
transversely of the other leg. The first men-~
tioned leg has the bond between the portions 44
extending lengthwise, and the other leg 18 has
the bond between the portions 44 extending
transversely of a mid point.

"Weclaim:

1. A cylinder head for an interna! combustion
engine comprising, a pair of steel forgings each
having a face and a combustion chamber-form-
ing cavity and a port-forming cavity, said forg-

10

18

20
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30

35

Ings being integrally bhonded together at said
faces, said combustion chamber-forming eavities
being so disposed in relation with each other to
together form a combustion chamber, said port-
forming cavities being so disposed in relation
with each other to together form a port open to
said combustion chamber, and rings surrounding
the forgings at the extremities adjacent the port-
forming cavities so as to hold the forgings to- -
gether. . .

2. An engine cylinder head having a combus-
tion chamber-forming portion and & gas-con-
ducting port, said port having at one end thereof
an opening directed outwardly of the cylinder
head and having at the other end thereof an
opening directed inwardly of the cylinder head in
communication with said combustion chamber-
forming portion, said head comprising hemi-
head-forming structures integrally bonded to-
gether in g plane substantially containing said
port ang its said openings such that sald hemi-
structures are respectively formed with approxi-
mate hemi-portions of said port and said open-
ings, and rings surrounding the structures at the
extremity of the combustion chamber-forming
portion -and at the outwardly directed end of the
gas-conducting port for holding the structures
together. :

3. An engine cylinder head having a combus-
tion chamber and g port communicating there-
with, said head.comprising hemi-head-forming
structures integrally bonded together in a plane
containing said combustion chamber and port
such that said hemi-structures are respectively
formed with approximate hemi-portions of said
combustion chamber and port, and rings sur-

" rounding the structures at its extremitieg adja-
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cent the combustion chamber and the port for
holding the structures together.,

4. An engine cylinder head having a combus-
tion chamber, & pair of ports communicating with
said combustion chamber, and a pair of open-
ings respectively branched from said ports, said
head comprising hemi-head-forming structures
integrally bonded together in g plane containing
said combustion chamber, ports, and openings
such that said hemi-structures are respectively
formed with approximate hemi-portions of said
combustion chamber, ports, and openings, and
valve-stem-receiving sleeves positioned in and
bonded to the openings formed in the structures.

5. An engine according to claim 4 and further
comprising & plate member formed with a pair of
inwardly depressed valve-spring-receiving re-
cesses and being bonded to the valve-stem-receiy-
ing sleeves at the said recesses.

6. An engine cylinder head according to claim
2 and further comprising a jacket surrounding
said cylinder head and having portions thereof
spaced from portions of said cylinder head to re-
ceive a cooling medium, said jacket comprising
hemi-jacket-forming structures bonded inte-~
grally together approximately in the aforesaid
plane and to the ring surrounding the cylinder-
head-forming structures at the outwardly di-
rected end of the gas-conducting port.

7. An engine cylinder head having 2 combus-
tion chamber and a pair of ports extending out-
wardly therefrom and comprising mating struc-
tures meeting and bonded to one another in a

. plane containing the chamber and the ports,

73

rings surrounding the structures at the ports for
holding the structures together, and a jacketing
structure comprising a pair of stamped sheet
metal members integrally bonded to one snother
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and to sald rings, each of said members having
a pair of cavities fitting around terminal hemi-
portions of end ports. :

8. In an internal combustion engine, & cylin-
der, & cylinder head structure secured to the outer
end of said cylinder, said head structure having
& combustion chamber portion and a pair of
valve-controlled ports leading outwardly from
said chamber, s pair of rings bonded in em-
bracing relation to the head structures at the ter-
minal portions of the ports, a shelf member
bonded to the rings in jacketing relation with re-
spect to the head structure and having & pair of
valve-spring-recelving cavities formed in a face

. thereof, valve-stem-recelving guides bonded to
the shelf member at the cavities and to the head
structure, and a Jjacket structure comprising
hemi-jacket members integrally bonded fo each
other approximately in a plane of bonding con-
taining the axes of said cylinders and ports and
forming side wall portions extending between end
portions of said jacket structure, each of said side
wall portions being provided with an opening sur-
rounding a terminal portion of one of said ports
and bonded %o one of the rings, said jacket struc-
ture having an opening at one end portion there-

of adapted to receive and to be bonded te the-

shelf member, the other end portion of said
Jjacket structure surrounding said outer end por-
tion of said cylinder in jacketing relation there-
with. ’ . ‘

8, A cylinder heaqd for an internal combustion
engine.comprising a pair of complementary sec-
tions having cavities therein and being assembled
and bonded to one another so as to cause the
cavities to mate for forming a combustion cham-
ber and intake and exhaust ports communicating
therewith with the complementary sections meet-
ing approximately in a plane passing through the
combustion chamber and the intake and exhaust
ports, rings tightly embracing the complementary

sections about outer terminal portions of the com- -

bustion chamber and the intake and exhaust
ports for holding the complementary sections to-
gether. .

10. A cylinder head for an internal combustion
engine comprising a pair of complementary sec-
tions having cavities therein and being assembled
and bonded to one another so as to cause the cav-
ities to mate for forming a combustion chamber
and intake and exhaust ports communicating
therewith with the complementary sections meet-
ing approximately in a plane passing through the
combustion chamber and the intake and exhaust

ports, rivets holding the complementary sections.

together, rings tightly embracing the comple-
mentary sections about outer terminal portions
of the combustion chamber and the intake and
exhaust ports and being bonded to the comple-
mentary sections for holding them together.

11. A cylinder head for an internal combustion
engine comprising & pair of complementary sec-
tions each having combustion chamber cavities
and exhaust and intake port cavities extending
generally oppositely to one another from the com-
bustion chamber cavities and being assembled and
bonded to one another so as to cause the cavities
to form a combustion chamber and exhaust and
intake ports extending generally oppositely to one
another from the combustion chamber with the
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combustion chamber and the intake and exhaust -

ports meeting approximately in a plane passing
through the combustion chamber and the exhaust
ports, rivets joining the complementary sections
at portions between the exhaust and intake ports

. 10° )
and opposite the combustion chamber, rings
tightly embracing the complementary sections
about outer terminal portions of the combustion
chamber and the intake and exhaust ports and
being bonded to the complementary sections for
holding them together, Jjacket-forming shell
‘halves embracing the complementary sections in

- spaced relation so as to form a coolant jacket

about the complementary sectlons and bveing
bonded to the rings on the terminal portions of
the exhaust and intake ports and to one another
generally on the plane cf bonding .of the com-
plementary sections, and a shelf member bonded
to the jacket-forming shell halves, the rings on
the intake and exhaust ports and the portions of
the complementary sections joined by rivets.

12. A cylinder head as specified in claim 11, the
shelf member having g pair of depressions formed
thereln for receiving valve springs, the cylinder
head further including sleeves extending inwardly
from the depressions into the exhaust and intake
ports for recelving exhaust and intake valves.

13. A method of making a cylinder head for an
internal combustion engine, comprising providing
complementary sections having combustion cham-
ber cavities and Intake and exhaust port cavities,
assembling the complementary sections so as €0
cause the cavities to form a combustion chamber
and intake and exhaust ports with the sections
meeting generally in & plane passing through the
combustion chamber and the intake and exhaust
ports, rivetlng the sections to one gnother at a
portion between the intake and exhaust ports and
at portions at opposite sides of the combustion
chamber for holding the sections together for a
subsequent ring-shrinking operation and for &
bonding operation subsequent to the ring-shrink-
ing operation, shrinking rings upon the comple-
mentary sections at outer terminal portions of
the combustion chamber and the intake and ex-
haust ports to supplement the holding of the sec-
tions effected by the aforesaid riveting for a sub-
sequent bonding operation, bonding the. comple-
mentary sections to one another, removing the
riveted portions at the opposite sides of the com-
bustion chamber, applying a water jacket to the
exterior of the complementary sections.-and bond-
ing the water jacket to the rings at the outer
terminal portions of the intake and exhaust ports..

14. A method of making a cylinder head for an
internal combustion engine, comprising provid-
ing complementary sections having combustion
chamber-cavities and intake and exhaust port
cavities, assembling the complementary sections
so as to cause the cavities to form a combustion
chamber and intake and exhaust ports with the
sections meeting generally in a plane passing
through the combustion chamber and the intake
and exhaust ports, applying rings upon the com-
plementary sections at outer terminal portions of

“the combustion chamber and the intake and ex-

haust ports to hold the sections together for a
subsequent bonding operation, bonding the com-

_plementary -sections to one another, bonding &

shelf member to the forgings, providing jacket
members having flanges, bonding the jacket mem-
bers to the rings and the flanges in overlapping
relation to the shelf member, and removing por-
tions of the flanges. . '

15. A cylinder head for an internal combustion
engine comprising, a pair of cylinder head-form-
ing structures each having a face and a port-

. forming cavity, said structures being integrally

bonded together at said faces, said cavities being
so disposed in relation to each other to together
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form a gas-conducting port, each of said cavities
extending throughout the length of said port, and
& ring surrounding the structures at an extremity
of the port-forming cavities so as to hold the
structures together, each of said structures hav-
ing & hemi-cavity branched from the port-receiv-

ing cavity, the cylinder head further comprising

& valve-stem-receiving sleeve positfoned in the
hemi-cavities and bonded thereto.
: ALEXANDER @G. HERRESHOFF.
ADDISON R. HOUK,
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