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This invention relates to heat exchange apparatus and 
more particularly to internal combustion engine cylinders, 
compressor cylinders and the like which include a tubu 
lar member and a plurality of axially spaced, radially 
projecting ?ns ?xed to the member which are adapted 
to radiate heat and which are provided with bolt holes 
extending through the ?ns axially of the member where 
by the members are ?xed to a housing member or the 
like. 

Air cooled cylinders for use in internal combustion 
engines, compressor cylinders and the like having rela 
tively thin ?ns projecting from the cylinder about which 
a current of air or other gas is caused to flow are well 
known. Pinned cylinders of this type have been made 
of ferrous metals, often of cast iron. Often it is desired 
to fasten such cylinders to an engine block or other hous 
ing support by means of bolts which pass through the 
aligned openings in the ?ns since it may not be desir 
able to provide the cylinder with a sufficient thickness of 
metal to conveniently and suitably support fastening bolts. 

Cast iron ?nned cylinders are preferably cast of a 
ferrous metal having a chemistry such that the cylinder 
bores are formed of a cast iron having a type A graphite 
formation and a uniform structure without rosettes. Fins 
which are cast integrally with a cylinder of a cast iron 
of this type tend to have extremities composed of white 
cast iron and intermediate areas, where it would be nor 
mally desired to provide bolt holes, composed of a mot 
tled cast iron. The cast iron could, ofcourse, be in 
oculated so that the ferrous metal at the'extremities of 
the ?ns would be grey iron. However, this would pro 
vide an undesirable graphite structure in the cylinder 
bores. The mottled grey cast iron structure in the ?n 
as described above makes it di?icult to bore or drill open 
ings through the ?ns. Moreover, it is generally desired 
that the bolt holes be tapered so as to distribute the pres 
sure of the holding bolt over at least a plurality of ?ns 
rather than only the uppermost ?n. Because of the 
mottled grey iron structure of the ?ns and because of the 
requirement that the bolt hole he tapered, boring or drill 
ing of the bolt holes in the ?ns is excessively expensive. 

It is the object of this invention to provide a method 
for casting a cylinder bore having a plurality of cooling 
?ns cast integrally therewith and aligned apertures 
through the ?ns. It is a further object of this invention 
to provide an as-cast cylinder having axially spaced, ra 
dially projecting cooling ?ns cast integrally therewith and 
having aligned openings axially of the cylinder. A more 
speci?c object of the invention is to provide an as-cast 
cylinder liner having axially spaced, radially projecting 
cooling ?ns integrally cast therewith which have axially 
aligned tapered holes therethrough whereby the cylinder 
liner may be attached to another object by means of a 
bolt passing through said openings. 

These and other objects are accomplished by ?rst pro 
viding a metal pattern having the external shape of one 
half the ?nned cylinder liner to be cast and having 
axially aligned openings in the ?ns. A metal pin is then 
inserted through the opening so as to snugly ?ll the open~ 
ings. In the preferred embodiment of the invention the 
aligned openings are of a’ varying diameter‘ in each se 
quential ?n so as to provide a tapered hole and the pin 
is tapered so as to snugly occupy the hole through each 
?n. Next, a shell mold is formed over the pattern in 
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cluding the ?ns and the projecting pin. The pin end hav 
ing the larger diameter is located and exposed by break 
mg away the shell mold material therefrom. The pin 
may conveniently be of su?icient length so that the ends 
thereof normally extend beyond the mold surfaces. The 
pm is then withdrawn from the pattern and mold por 
trons between the pattern ?ns. This permits the mold 
to be removed from the pattern. After stripping the mold 
from the pattern, a core pin is then inserted in the open 
mg within the mold previously occupied by the pin. The 
opposite half of the mold is then made in a like manner. 
The two shell mold pieces are adhesively bonded or other 
wlse fastened together in a well known manner and the 
?nned apertured cylinder of the present invention is cast 
in a conventional manner. 

Other objects and advantages will be apparent from 
the following detailed description, reference being had 
to the accompanying drawing in which: 
FIGURE 1 is a perspective view of an apertured, ?nned ' 

cylinder of the present invention; 
FIGURE 2 is a cross-sectional view of a pattern in 

cluding an axially aligned opening through the ?ns there 
of and a pin occupying the opening for making one half 
of a mold; v , 

FIGURE 3 is a shell mold formed over the pattern; 
FIGURE 4 is the shell mold after the pattern has been 

removed; and ' 

FIGURE 5 is an exploded view of a complete mold for 
‘casting two cylinders simultaneously. 

Referring to the drawing, the present invention is con 
cerned with the casting of a ?nned cylinder such as is 

> shown inFIGURE 1 which consists of a cylinder por 

40 

tion 10, and a plurality of radially projecting, axially 
spaced, relatively thin, heat radiating ?ns 12 integrally 
attached to the cylinder 10. The ?ns are provided with 
openings 14 aligned axially of the cylinder adapted to 
receive a bolt (not shown) whereby the cylinder may be 
attached to a housing, engine block or the like. Prefer 
ably a plurality of such bolt holes are provided spaced 
symmetrically about the cylinder as shown in FIGURE 1 
so that the cylinder is held on its mounting with a uni 
form pressure. Preferably the bolt holes 14 are of pro 
gressively smaller size in each succeeding ?n so that a 
tapered bolt may exert pressure on each ?n and thereby 
distribute the compressive forces over a plurality of ?ns 

' and to facilitate the mold making procedure. 
The process of the present invention involves a pattern 

and mold making procedure which permits the ?nned 
cylinder of FIGURE 1 to be cast. In accordance with 
the process, ‘a pattern representing one-half of the ?nned 
cylinder structure is formed of a suitable metal such 
as brass. The patter-n structure is shown in cross sec 
tion in FIGURE 2. This pattern includes a main body 
portion 16 representing the cylinder wall and bore of 
the cylinder and the radially extending ?ns 18. An 
aligned opening is formed through the ?ns ‘of the pattern, 
each of which consists of a plurality of openings 29, 22, 
23, etc., which are ‘of reduced size in each succeeding ?n 

> so as to form a tapered opening. A tapered metal pin 
60 
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‘24!- is inserted through the openings 26, 22., '23, etc., so 
that it snugly ?lls the tapered openings ‘and the end por 
t-ions 26 and 28- extend beyond the ends of the cylinder. 
\Vhen thusly in place, the pin forms a part of the pat 
tern. The tapered character of the aligned opening and 
the tapered pin ‘also enables the pin to be ?rmly located 
with respect to the pattern 16. The cylinder shown inv 
FIGURE 1 has four spaced bolt'hole openings and ac- ' 
cordingly the pattern 16 includes two openings 20, 22, 23, 
etc., and pins 24. 

Next, a shell rnol-d 30 is formed over the pattern of 
FIGURE 2 as shown in FIGURE 3. Essentially the shell 

I molding process consists of using a thermosetting resin as 
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a binder for the sand ‘grains to form thin-walled molds 
having high gas permeability, good surface smoothness 
and dimensional stability. The molding material is gen 
enally a dry mixture of a major proportion of silica sand 
and a minor proportion of the thermosetting binder. The 
resin may be present in the form of a powder admixed 
with the sand or as a coating on the sand particles. Phe 
nol-formaldehyde and melamine-formaldehyde rresins are 
typical examples of thermosetting ‘binders preferably used. 
The sand employed is preferably free of metallic oxides, 
clay, moisture and organic matter. 

These sand molds are prepared by applying the dry 
mixture of sand and resin powder over a pattern which 
has been heated to a temperature preferably in the range 
of 250° F. to 350° F. The pattern usually includes gates 
and runners which are a?ixed to the pattern as is well 
known in the art. The layer of the sand-resin mixture 
is permitted to rest on the hot pattern for a short period 
of time. A layer of the mix adheres to the metal surface 
due to the melting of the resin which entraps the sand 
with which it is intimately mixed thereby producing pat 
tern detail. The pattern temperatures and the length of 
time the mold material is allowed to remain in contact 
with the hot metal pattern surfaces will determine the 
thickness of the mold. After a mold of a desired thick 
ness has been ‘formed, the closely adherent sand-resin 
layer is preferably cured by heating the mold in a fur 
nace within a range of about 300° F. to 600° F. for a 
few minutes while in contact with the metal pattern. In 
this baking operation the resinous material is converted 
into a hard, insoluble binder which securely bonds the 
sand-resin grains together. 
A suitable sand-resin mixture‘for use in the method of 

this invention consists of a washed silica sand free of 
metal oxides, clay, moisture and organic matter having 
a ?neness on the order of about 90 AFS to about 125 
AFS which is ‘admixed with a curable thermosetting resin 
such as phenol-formaldehyde resin in quantities of about 
3% to 10% and preferably 4% to 5% by weight of the 
sand-resin mix. The resin may be mixed in powdered 
foam with the sand or the sand particles may be coated 
with liquid resin or the resin dissolved in a suitable solvent 
as is well known in the art. ~ 
The shell mold 301 is formed :as follows. The pattern 

16 is heated to a suitable temperature such as 400° F., 
inverted and fastened upon a turnover box. The box 
and ‘attached pattern are then inverted to permit the sand 
resin mix to fall upon the heated metal surface of the 
pattern and remain on the pattern for a time suf?cient 
to permit ‘a layer of about % inch thick to build up on 
the pattern. The box is then righted to remove the ex 
cess sand-resin mix and the pattern with the sand-resin 
mix layer 30 is removed from the box. In this step 
the resin of the mix melts sumciently to entrap the sand 
particles and cause them to adhere closely to each other 
and to the pattern surface to ‘faithfully conform to di 
mensions of the pattern. The pattern 116 includes a gate 
and runner (not shown) which are ?xed thereto. The 
character of this gate and runner may be observed by 
an examination of the completed form of the mold of 
FIGURE 5 described hereinafter. A mold thickness of 
about % inch has been ‘found satisfactory for the pur 
poses of the present invention. After the % inch layer 
of sand-resin has been formed ‘on the pattern, the resin 
of the sand-resin layer 16 together with the pattern is 
inserted in a furnace heated within the range of approxi 
mately 300° F. to 600° F. for a time sufficient to cure 
the resin while in contact with the metal pattern. This 
baking operation results in the conversion of the resinous 

. material into a hard, insoluble binder which securely 
bonds the sand-resin grains together. 

After removal of the pattern and mold from the cur 
ing oven, a portion 32 of the shell mold shown in broken 
lines in FIGURE 3 is broken away if necessary to ex 
pose the large diameter end 218 of the pin 24". The pin is 
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4 
then withdrawn and the pattern is stripped from the 
mold to form the mold shown in FIGURE 4. A core 
pin 34 of the same con?guration as the pattern pin 24, 
preferably formed of the above-described sand-resin mix 
ture, is then inserted in the opening of the mold previous 
ly occupied by the pin 24- to form a complete one half 
mold, a portion of which is shown in FIGURE 4. A 
second half mold is prepared in ‘a similar manner and 
the two parts are glued or otherwise fastened together 
in a well known manner. Preferably the above-described 
procedure is employed to form the two-part mold shown in 
FIGURE 5. This mold includes two mold cylinder cavi 
ties 36 and 38 which are connected at the base thereof to 
a common sprue 40 by the gates 42 ‘and 44. Suitable 
cores (not shown) of the shape of the cylinder bore are 
positioned within the mold cavities, the mold is closed and 
is in a condition to receive molten metal. 

Although the present invention has been described in 
terms of a shell mold which is formed on a hot pattern 
and cured by heat, it is readily apparent that other meth 
ods of forming thin-‘walled shell-type molds may be 
employed. For example, a sand-resin mixture of the 
type disclosed in the copending United States applica 
tion Serial No. 762,120, ?led September 19, 1958, now 
Patent 3,008,205 issued Nov. 14, 1961, and assigned to the 
assignee of the present invention which may be cured 
by an acid gas may be employed. Similarly, the shell 
mold may be formed by a process such as is disclosed 
in the co-pending United States ‘application Serial No. 
852,311, ?led November 12, 1959, now Patent 3,059,297 
issued Oct. 23, 1962, and assigned to the assignee of the 
present invention. In shell mold making procedures de 
scribed herein, other methods of applying the sand-resin 
mix to the ‘hot pattern may be employed. Thus, for ex 
ample, a suitably contoured blowhead may be positioned 
over the pattern so as to provide an enclosed space hav 
ing a thickness of approximately % inch and the sand 
resin mixture may be applied over the pattern by blow 
ing in a manner well known in the art. 

Various modi?cations in the arrangement and details 
of the speci?c embodiment described and shown will be 
apparent to those skilled in the art and are contemplated 
within the scope of the present invention as de?ned in 
the appended claims. 

I claim: 
1. A method of forming a mold for use in casting a 

tubular article having a plurality of ?ns projecting ra 
dially of said article and vbeing spaced axially thereof at 
least two of said ?ns having aligned openings therethrough, 
the steps comprising providing a metal pattern having an 
external shape of the ?nned tubular article to be cast 
and having ‘axially aligned openings through at least two 
of the pattern ?ns, inserting a metal pin through said pat— 
tern ?n openings so as to snugly ?ll the same, forming a 
shell mold over said pattern, withdrawing said pin from 
saidpattern openings and said shell mold, stripping said 
mold from said pattern and thereafter inserting a destructi 
ble core pin in said mold to replace said metal pin. 

2. A method of forming a mold for use in casting tubud 
lar heat transfer articles having a plurality of axially 
spaced ?ns projecting radially of said article at least two 
of said ?ns having aligned openings therethrough, the 
steps comprising forming a metal pattern having the ex 
ternal shape ‘of one-half the said ?nned tubular article to 
be cast therein and having axially aligned openings through 
at least two of said pattern ?ns, snugly inserting a metal 
pin through said pattern ?n openings, depositing a layer 
of a sand-resin molding mixture over said pattern and 
between said ?ns, curing the resin to form a shell mold 
over said pattern, withdrawing said pin from said pattern 
openings and the adjacent openings formed in said shell 
mold, stripping said mold from said pattern and thereafter 
inserting a core pin in said mold to replace said metal 
pin. 

3. A method of making a mold for use in casting a 
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cylinder having a plurality of ?ns projecting radially of 
the cylinder and being spaced axially thereof at least two 
of said ?ns having axially spaced openings therethrouigh, 
the steps comprising providing a metal pattern having the 
external con?guration of the ?nned cylinder article to 
be cast and having ‘axially aligned tapered openings 
through at least two of said pattern ?ns adapted to receive 
a tapered pin, snugly ?lling said openings by inserting a 
metal pin therethrough, forming a shell mold over said 
pattern, Withdrawing said pin from said pattern openings 
and said mold, shipping said mold from said pattern, 
and inserting a destructible core pin in said mold to re 
place said metal pin. 

4. A method of making a mold for use in casting a 
cylinder having a plurality of ?ns projecting radially of 
the cylinder and their!‘, spaced axially thereof at least two 
of said ?ns having aligned openings the-rethrough, the 
steps comprising providing a metal pattern having the 
external con?guration of the ?nned cylinder article to be 
cast and having ‘axially align-ed tapered openings through 
at least two of said pattern ?ns adapted to receive a 
tapered pin, snugly inserting a metal pin through said pat 
tern openings, ‘forming a shell mold over said pattern and 
said pin, withdrawing said pin from said pattern openings, 
stripping said mold from said pattern, inserting a core pin 
in said mold to replace said metal pin, forming a second 
half mold in a like manner, and associating said mold 
halves to form a completed mold. 

5. A method of making a mold for use in casting a 
cylinder having a plurality of ?ns projecting radially of 
the cylinder and being spaced ‘axially thereof a plurality 
of said ?ns having openings therethro-ugh, the steps com 
prising providing a metal pattern having the external con 
?guration of the ?nned cylinder article to be cast and 
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having axial-1y aligned tapered openings through the ?ns 
thereof adapted to receive a tapered pin, snugly insert~ 
ing a metal pin through said pattern openings so as to 
snugly ?ll said openings, applying a layer of a sand cura 
ble resin mixture over said pattern and between said ?ns, 
curing the resin to form a shell mold over said pattern, 
withdrawing said pin from said pattern openings, strip 
ping said mold from said pattern, and inserting a core 
pin in said mold to replace said metal pin. 

6. A method of making a mold for use in casting an 
article having a plurality of members projecting angu 
larly there?rom in spaced relation, at least one or said 
members having an opening the-rethrough, the steps com 
prising providing a metal pattern having the external 
shape of the article to be cast and having an opening 
through one of said‘ members, inserting a metal pin through 
said opening so as to snugly ?ll the same, foiming a shell 
mold over said pattern and said pin, withdrawing said 
pin from said pattern opening, stripping said mold from 
said pattern and thereafter inserting a destructible core 
pin through said opening. . 
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