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-This invention relates-to the structural design

“and“the method ‘of manufacture of integrally
“ Tormed, composite;: double-ended pistons adapted
“for use in double-acting internal combustlon en-
> °1nes or the like.
“In double acting internal combustion engines,
or the like; the erankshaft usually passes trans-
“versely through the skirt portions of the double-
ended - pistons, intermediate the opposed pres-
~sure heads thereof, and-is conneécted to ‘the pis-
- tons by means of bearing blocks slidably motnted
-in slideways located interiorly of and:carried by
“the piston- structures. - In: the ‘past it has-been
common practice to-construct pistons'of this type

“from two or more mating sections which: are-ag-"

“sembled about -the crankshaft and ‘connected to-
‘gether by means of tie bolts or the like-which are
‘mounted in the walls. of ‘the piston’skirt portion.
~A piston-of the conventional, built-up,:double-

~ended type is shown-in the -application of  John'

- P. Butterfield, Serial No. 16,645, filed-March 24,
1948. When pistons of the double-ended type are
- formed -in:separable sections it is--necessary to
provide relatively thick conneecting wall portions
~in-the piston skirt to-accommodate the:connect-
“ing means.for-the several piston sections. - These
relatively thick wall portions materislly: feduce
‘ the-interior dimensions of -the hollow chamber
- within the piston-and consequently-reduce’ the
‘space within which the crankshaft erank arm-is
“adapted to rotate. “By reducing the" available
“space within the piston allotted for the:erank-
" shaft crank arm, the cross sectional’ dimension
of the crank arm is accordingly reduced and this
- weakens the crankshaft and makes it less’ rigid
and consequently subject to increased deflection.
" Deflection of the crankshafts in double actionen-
“ gines causes noise and wear and hasbeen a source
of constant trouble. This condition is' accen-

tuated in this type of engine due to the factthat.

the -connection of the piston' to the erankshaft
“is-frequently located off center from the-cylinder
= axis and this tends to tilt the plston within the
“eylinder ‘bore. ' By - ‘providing “an- “integrally

~formed, composite ‘piston “with a ‘skirt wall of:

~minimum thickness and maximum- stiffness it is

possible to'incredse thetarea of the hollow cham-
Abev within the pistori and thus increase ‘the size
-of the crankshaft crank arm located within the

piston and thereby materially- increasé the rigid-:

“ity -of the engine assembly.

" Another objection to the use of* doublezended
pistons formed -from built-up, separable-sections
is‘the-fact that'thevaricus'sections are frequent-
“ly formed such that upon-assembly ‘they are not-

correctly aligned with their mating: sections- and
consequently the misalisnmeént: 6f the various

“parts has a tendency to create: binding -of ‘the
~slidably -e€ngaged portions of ‘the piston;: ¢ylirider
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~and crankshaft and eause undue wear, noise, and

the like, during engine:-operation.
-Purthermore, to machine ‘the various matmg

‘piston sections and connecting means for a built-

up, sectional piston is a time consuring and cost<

-1y operation. Obvicusly the assembly-of an: en-

- gine ‘using- built-up, sectional, pistons: is con~

siderably ‘more laborious and expensive than an

- engine-using an-integrally formed piston:wherein
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‘the erankshaft can be duickly and easily threaded

through the diametrically disposed -openings in

‘the piston skirt-and then ‘the ‘slideway: bearing
~blocks assembled between: the crankshaft and pis-
: ton ‘slideways.
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By {orming- the double-énded: piston as'a com-
posite: structure, it-is- possible. to: select certain

~materials: for the: pressure. heads and different
~materials for the skirt portion and:consequently
~'the characteristics: and dimensions of the piston,

both during engine operation.and at other times,

~may be veryelosely controlled. ~In the composite

‘piston-herein disclosed .4 lightweight material of

~good zthermal -conductivity ‘that has.a relatively

<
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- for. the pressure:heads.

-high coefficient. of expansion: within the normal

engine temperature range and is.capable of being
easily die cast or machined is preferably selected
“Aluminum -and  alloys
‘thereof have: proven :to. be: particularly. advan-

- tageous for: forming. the piston pressure heads.
- The'particular advantages of such s material for
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~after.”

the pressure heads are more fully explained here-
.The:skirt portion of this composite piston

~is preferably: formed :from a relatively stiff ma-

terial-thatis a relatively poor thermal-conductor

-~and-one. that:has.a relatively low coefficient of
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expansion-when subjected to heat. Such g ma-

~terial should be capable of being cast, extruded,

~rolled and-welded. - -Steel and the alloys thereof
~have proven suitable for use- as a skirt portion
-material. . The advantages of such a material for
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wthe gkirt-portion of this piston are also more fully

~set forth subsequently.

1t:is a primary object-of this invention to: pro-

¢ vide ‘a -unitary, composite,- double-ended piston
+designed and: constructed in such- a.manner:that

50

“it-is extremely- efficient-in: operation and. simple

~and -economieal to' manufacture and assemble.

~It-is a further-object of this-invention to prd-

" vide a unitary; composite,’ double-ended piston
“which has a minimum skirt-wall thickness: S0 ‘as
55"to" permit the use of a-crankshzft of-maximum
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diameter to thereby increase the rigidity of the
crankshaft.

Tt is an additional object of this invention to
provide a unitary, composite, double-ended, in-
ternal slideway type of piston formed in such a
manner and from such materials that the distance
between the opposed slideway faces may be ac-
curately controlled at all times.

It is another object of this invention to provide

& composite, unitary, double-ended piston of the i

type having bearing block slideways supported
interiorly thereof wherein the slideways are

formed as parts of the pressure heads and discon-~ -

nected from the piston skirt so as to render the
slideways more flexible to thermal expansion and
at the same time provide a relatively cool piston
skirt that is adapted to be arranged in a cylinder
hore with minimum clearance therebetween.

It is a further object of this invention to pro-:
vide a unitary, composite, double-ended piston :

formed from relatively simple elements connected
together in a simple and novel manner.

Fig. 1 is a side elevation with portions broken
away and partly in section, of & unitary, double-
ended, internal slideway type of composite piston
embodying this invention;

Fig. 2 is a sectional elevation of the piston
shown in Fig. 1, the view being taken along the
line 2—2 of Fig. 1;

Fig. 3 is an enlarged, fragmentary, sectional ele- ¢

vation of that portion of the piston within the
circle identified by the numeral 3 in Fig. 1; and

Fig. 4 is a fragmentary sectional elevation of a
modification of the skirt and head connection
shown in Fig. 3.

In a double-acting type of internal combustion
engine a double ended or double-headed type of
piston is employed for reciprocatory movement in
each cylinder bore, the engine being designed
to provide a combustion chamber at each end of
each cylinder to cooperate with each end or head

- of each piston. Engines of this type employ a
crankshaft which threads through the skirt por-
tions of the pistons and is directly connected to
the pistons without the use of a conventional con-
necting rod. The connection of the crankshaft to

- the pistons is by means of bearing blocks jour-
naled on the crankshaft crank pins and slidably
engaged with a pair of slideways carried by and
supported interiorly of each piston.

A few of the difficulties encountered with en-
gines of this type have been the lack of rigidity in
the crankshafts and the inability to maintain suf-

- ficiently close clearances between the piston slide-

- ways and the crankshaft bearing blocks, and be-

_tween the pistons and cylinder bores during en-

- gine operation so as to keep engine wear, noise

" and power loss to a minimum. It has been found

' that with conventional double-headed pistons the
combustion heat from the two opposed piston

“heads is readily transmitted to the piston skirt
and to the interior slideways during engine opera-

- tion and these portions of the piston expand and
tend to enlarge the clearances between the bear-

‘ing block and the slideways with the result that
these slidably engaged parts begin to slap and
create noise as well as damage to the slidably
engaged surfaces. Tt is thought to be obvious that
this problem is more acute in an engine using
double-headed pistons than in one using the con-
ventional single headed piston because of the two
heated head portions and the reduced cooling
areas within the interior of double ended pis-
tons. As the skirt of the double-headed piston is
much longer than the slideway supporting struts,

4

the combustion heat will ordinarily cause the
skirt to expand more than the struts supporting
the slideways therefore its is obvious that the
clearances between the crankshaft bearing block
and slideways will be opened up during engine op-
eration. Furthermore, if the oppositely disposed
ends of the slideways are connected to the pis-
ton skirt then any inward axial expansion, longi-
tudinally of the piston, by the slideways, is re-
tarded by the connection of the slideways to the
skirt and the situation is even more aggravated

for the ends of the slideways are bent towards

the piston heads by the heat of combustion and
this opens up the slideways. By providing a con-
struction wherein the slideways are disconnected
from the skirt portion the skirt runs cocler than
would otherwise be the case and the clearances

" between the piston and surrounding cylinder bore
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may be set closer and the efficiency of the en-
gine unit improved. This invention overcomes the
aforementioned difficulties and provides an im-
proved, low cost, double-ended piston construc-
tion that lends itself to accurate control of the
piston clearances and at the same time provides
a piston that permits use of a stiffer crankshaft
to counteract undesirable deflections and vibra-
tions of the crankshaft during engine operation.

The letter A represents a double-ended piston
structure having a substantially cylindrical head
portion 12 at each end thereof and a slotted, sub-
stantially cylindrically shaped, sleeve-like skirt
portion 14 extending between and eonnecting the
spaced head portions i2. Each head portion 12
along its peripheral edge is formed with a de-
pending flange portion {3 having a spaced set
of circumferentially extending piston ring grooves
16. Extending about the skirt portion i4, adja-
cent each set of piston ring grooves 18, is a set of
grooves 17 adapted to trap oil and provide a se-
ries of oil wedges between the piston skirt and the
surrounding bore of the engine cylinder in which
the piston structure A is mounted.

The piston structure A also has its skirt portion
14 formed with diametrically disposed pairs of

~ axially extending slots 22 and 24 respectively. The

slots 22 are displaced circumferentially ninety de-
grees from the slots 24. Slots 22 are adapted to

.receive the crankshaft (not shown) which is

threaded through the piston skirt so as to extend
transversely of the longitudinal axis of the pis-
ton. Slots 24 facilitate assembly of the crank-
shaft bearing block and provide space for the re-
ciprocation of the crankshaft bearing bleck (not
shown herein but disclosed in the application of
Arthur J. Slemmons, Serial No. 80,729, filed March

10, 1949) which block is slidably mounted within

the piston structure A on the slideways 32. Posi-
tioned between the circumferentially spaced slots
22 and 24 of the piston skirt portion 14 are axially
extending, integrally formed, pier sections 26
which connect the opposed piston heads {2.
Depending from each piston head 12, inferiorly
of the piston structure A, is-a slideway portion
32. Each slideway portion 32 extends trans-

- versely of the longitudinal axis of the piston

strueture A and is supported from the associated
piston head {2 by means of the crossed struts 36 -
and 38 respectively. Struts 36 are of variahle
depth and sweep radially outwardly from the
slideway 32 towards the associated piston head 12
whereas struts 38 are of full depth throughout
the length of the slideway 32 as clearly indicated
at 38 of Fig. 1. By this arrangement the heat
of the piston head i2 may be readily transferred
to the slideway 32 by the struts 36 and 38. It



2,581,326

5
is> preferable: that:the: pistorr Head 12 and. the:
slideway-supportingsstruts:36; 38 be formed from:
materialzsuch as: aluminum- having a: relatively:
highcoefiicientof-expansion-within. thetempera-

ture: range: -of: the: combustion: chamber:of the-
conventional: internal combustion . engine so that:
the: full benefits: of  thermal: expansion. of -the-
struts'may be utilized: - It will-be-noted: that the
ends: 33 of:the:slideway: portions-32. extend into:
the: diametrically-disposed: slots: 24-in-the-piston-
skirt 14 but are disconnected from the adiacent:
skirt: portion: - This- arrangement of: the; struts

and slideways-prevents transfer of heat from:the:
slideways-32-to the:skirt portion (4-and tends: to-
keep: the- skirt: portion: relatively - cool- during
engine:-operation. The:piston-skirt- portion:14-is-
preferably formed from'steel-or:some alloy-thereof

which -is relatively strong- and: stiff- and. has- a-
coeflicientof- expansion':that:is-considerably-less:
than:that of the-material used-for the pressure:
heads-12.; By having thetends-23- of the slideways:
32 diseonnected. from the piston skirt-portion {4
the: slideways are -rendered more-flexible and.are.
free-to thermally. expand: axially- of: the piston
towards:the- crankshaft-bearing- block, which: is:

mounted: between-the slideways. - The relatively.

large. thermal. expansion . of: the slideway- struts.
during engine operation; due.to-combustion heat;
and- the relatively:small piston:skirt-expansion,

resulting from the differences-in: coefficients-of ...

exhaustion. and thermal.conduetivity of-the ma-
terials used for the piston heads and.skirt. por-
tion, tends.to reduce;to. a-minimum during engine
operation the.clearances between.the slidably en-.

saged. crankshaft: bearing: block and the piston. .. brazing, welding:or-the: like. - The: ring' 51 must
35

slideways. 32 -and. thus. provides. a.smoothiy oper-
ating, relatively: noiseless. engine.. . While: the.
thermal -expansion.of. the slideway. struts: 38, 38
reduces the: clearances-between the. crankshaft,
bearing.block and.the- slideways 32 during engine.
operation, it is obvious.that.thermal contraction:
will open.up these clearances.and prevent.seizure
of.these elements.when the engine is cold.or dur-~:
ing engine. start..

The. exposed slide faces. 34 of the slideways. 32:
are. preferably cylindrical: sections:.that. provide
arcuatbe. bearing surfaces.facing. each- other and.
spaced apart a distance.slightly greater.than.the.
effective. width or.diameter.of the-mating bearing.
block.(nof shown). that.is: journaled on the asso--
ciated crankshaft (not.shown). and slidably.asso--
ciated with: the piston.slideways 32... The axis.of.
the curved bearing faces 34 of slideways. 32 is.
transversely- of and. normal io. the. longitudinal
axis.of the piston. structure A.

The. piston skirt.portion- 14 is connected to:-the.
spaced. pressure heads..i2 by means.of a.sweated.
or shrunk connection, see Fig. 3, that takes.ad-.
vantage -of the. physical properties -of. the ma-
terials from which the piston.heads and skirt.are.
formed. The.interior surface.of each.end of the-
cylindrical piston skirt.i4 is formed with. a series.
of radially extending,. inwardly, directed, projec-.
tions 1§, the.projections resembling teeth, serra-.
tions, screw threads.or the like.. The normal out-.
side diameter of thie.flange: portions. 13 of the.
piston heads {2 is. slighitly greater than the nor-.
mal interior diameter of: the cylindrical. piston
skirt 14. . To assemble the piston heads (2. on
the skirt.portion {4 the skirt portion {4 is heated.
to an abnormally high temperature and the.
piston. heads.are usually cooled. to an.-abnormally -
low temperature. whereupon diametrical expan--
sion of the piston skirt and.contraction of the
piston heads will permit. these elements. to be

assembled in telescopicrelationship. As the skirt 75.

40
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pertion is:subsequently-cooled:to its normal teri-
perature-the:projections 15:thereon bite: into:the-
piston-head flanges: 13-and-lockingly connect-the-
heads 12-to.the skirt:portion:14. As the heads:12.-

. are. warmed. to: their. normal temperature they

tendto.expand. and. press outwardly against the.
teeth-like.projections. 15.. It is obvious.that both.
mating elements 12 and (4 may. have.their. tem-.
peratures varied to efféct thie shrunk connection.
deseribed or eitler one of these elements may be;
treated to vary-its expansion and/or contraction
80" as to accomplish the shrunk connection: In
place of ‘the shrunk connection a conventional
serew - thread: connection could be used but sueh-

. would' be-considerably more expensive to many-"

facture and’assembléthan the shrunk connection’
herein: proposed. ' The-shrunk connection: also
takes:advantage of:the:physical propertiesof the
materials:from: which ‘the heads (2 and’ skirt (4

. are: formed for:the'steel teeth 15 on the skirt: 14:

are sufficiently hard tohite-into the relatively:soft:
sides of:the flanges: 3:0f the aluminum Heads: {2

A" modified form of ‘connection  between the:
piston: heads 2. and- piston: sKirt: portion: 4. is:

- Shown:in” Fig: 4. Ini this:formrof the invention a

fused and/or-a: bolted: ‘'or riveted: connection: be=-
tweent the pistorr head flanige. 137 and the’ sur«
rounding pistor-skirt portion 14 s disclosed: A
ring: element:§1° of steel:or-the like is: shrunk on:
the'head flange:portion: {3 and anchored thereto:
by means of the projections 52 which are similar
to the projections I5 shown in Fig. 8 The. skirt’
portion {4 is:then-connected:to the:ring element
54y a. suitable:fused connection 54" such: as by

be added to:the:head 12 due:-to-the fact that the
steel skirt: 14 could not be: easily: fiised to: tHe:
aluminum: head: (2. Rihg-element 51 also: acts’
as-a reinforcing: means:for-the end of the skirt:
associated with thie piston:-head: In tle event it
is: desirable to-further-strengthen the fiised con-:
nection 54 then a: rivet or bolt 55 having a-
countersunk-head portion:55", may be connected’
through the skirt portion 14; ring 517 and head
flange 13 to- more positively associate these- ele-
ments: » : ’

It'is' thought' to be-obvious-that the unitary,
composite; double-ended; internal'sliding type of"
piston herein- disclosed is easy and economically-
fabricated: and assembled and at the same time
is-designed’so-as-to provide s piston unit that is
highly efficient’ in" operation due to the piston
structure- permitting’ accurate control of all’
working- clearances: - The opposed pressure heads:
I2"are identical and-can be simple castings.that
include- the* bearing block" slideways 32. 'The.
skirt portién- 14 is- a simple sleeve element that.
can be extruded; cast or rolled and subsequently
machined: to fine" dimensions if necessary: The.
assembly of the eléments of this piston is a. novel
and” relatively  simple process that lends itself’
to" current, mass production. practices. When
assembled. in final form tHis piston unit may he-
quickly and ‘easily mounted on. a unitary crank-
shaft’ unit and connected thereto by bearing.
block means. such.as that.shown in.the. applica-
tien. of Arthur J.. Slemmons,. Serial. No.. 80,729,
filed March .10,.1949.. X

I claim:. :

1..A composite double-ended..piston.. compris--
ing, axially. spaced, opposed,. substantially. cylin-:
drically shaped. heads.of.aluminum.or._the like.
and. .a. hollow. -substantially..cylindrical. skirt: of
steel or the like connecting Said. heads, the.means:
connecting., said- skirt.-and. said.-heads: ineluding-
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end portions on said skirt arranged to extend
concentrically about said heads in contiguous re-
lationship thereto and radially projecting ser-
rations along the skirt end inner surfaces con-
tacting said heads and thermally shrunk into
engagement with the adjacent exterior surfaces
of said heads so as to embed the skirt serrations
in said heads, said heads each including an axial-
1y projecting bearing block slideway supported
from the interiorly arranged end of the head
and positioned to extend transversely of the skirt
bhetween opposite sides thereof but to be discon-
nected therefrom, said slideways being axially
spaced apart and adapted to reciprocably receive
a bearing block mounted therebetween.

2. A composite double-ended piston compris-
ing a pair of opposed, axially spaced, substan-
tially cylindrically shaped heads formed of a
material having a high coefficient of expansion
and being of low density, and a hollow, relatively
thin walled, substantially cylindrical skirt con-
necting said heads formed of a material having
3 low coefficient of expansion and a high modulus
of elasticity, said heads each including an axially
projecting bearing block slideway supported from
the interior end of the head and arranged to
extend transversely of the skirt between opposite
sides thereof but disconnected therefrom, said
slideways being axially spaced apart and adapted
to reciprocably receive a bearing block mounted
therebetween.

3. A composite double-ended piston compris-
ing a pair of axially spaced, opposed, substan-
tially cylindrically shaped heads formed of alu-
minum or a material having similar physical
properties relating to thermal expansion and
contraction, stiffness and wear resistance, and a

hollow substantially eylindrical skirt connecting

said heads formed of steel or a material having
similar physical properties relating to thermal
expansion and contraction, stiffness and wear
resistance, said heads each having a depending
bearing block slideway extending from the in-
terior end thereof and arranged with the slide
face thereof extending transversely of the piston
skirt between opposite sides thereof but discon-
nected therefrom, said slideways being axially
spaced apart and adapted to reciprocably receive
- a bearing block mounted therebetween.

4. A unitary, double-ended, composite piston

comprising a pair of axially spaced, opposed, sub~
stantially cylindrieally shaped, piston heads each
having a depending, axially extending peripheral
flange portion and an axially projecting, trans-
versely extending slideway depending from the
inner opposed end surface of each head and ex-
tending between diametrically disposed portions
of the piston, said slideways being axially spaced
to receive a reciprocably mounted bearing block,
and a hollow cylindrically shaped, axially slotted,
skirt member arranged concenfrically about and
connected to the flange portions of said piston
heads, said skirt portion encircling but being dis-
connected from the slideways on said piston
heads.

" 5. A unitary, composite double-ended, internal
slideway type of piston comprising a pair of
spaced, axially aligned, substantially cylindri-
cally shaped, piston heads, formed from a ma-
terial having a relatively high thermal conduc-
tivity and coefficient of expansion, said heads
each having a transversely extending, axially
projecting slideway supported from the opposed
inner end of each head and extending between
diametrically disposed portions of the supporting
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head, and a hollow cylindrically shaped skirt
member having axially extending slots there-
through and radially extending, inwardly pro-
jecting protuberances formed on the skirt inner
walls adjacent each end thereof adapted to be
fixedly engaged with encircled portions of the
outer walls of the piston heads, said skirt member
being formed from material having a relatively
low coefficient of expansion and being arranged
so as to encircle but be out of contact with said
slideways.

6. A unitary, composite, double-ended internal
slideway type of piston comprising a pair of
axially spaced, axially aligned, substantially
cylindrically shaped, piston heads, formed from
a material having a relatively high thermal con~
ductivity and coefficient of expansion, said heads
each having a transversely extending, axially
projecting bearing block slideway supported from
the opposed inner end of each head and extend-
ing between diametrically disposed portions of
the head, and a substantially hollow cylindrically
shaped skirt member having axially extending
slots therethrough and radially extending, pro-
jecting formations on the inner skirt side wall
adjacent each end thereof adapted to be fixedly
engaged with concentrically arranged portions of
the side walls of the piston heads, said skirt mem-
ber being formed from material having a rela-
tively low coefficient of expansion and being ar-
ranged so as to encircle but be out of contact
with said slideways.

7. A unitary, composite, double-ended, internal
slideway type of piston comprising a pair of
axially ‘spaced, axially aligned, substantially
cylindrically shaped, piston heads, formed from
a material having a relatively high thermal con-
ductivity and coefficient of expansion, said heads
each having a transversely extending, axially
projecting bearing block slideway supported from
the opposed end of each head and extending he-
tween diametrically disposed portions of the
head, g ring-like member mounted on each head
so as to extend concentrically about a side por-
tion of each head, and a hollow, substantially
cylindrically shaped skirt member having axially
extending slots therethrough and the ends there-
of connected to and extending concentrically
about the ring-like members, said skirt member
being formed from material having a relatively
low coefficient of expansion and being arranged
so as to encircle but be out of contact with said
slideways.

8. A unitary, composite, double-ended, internal
slideway type of piston comprising a pair of
axially spaced, axially aligned, substantially
eylindrically shaped, piston heads, formed from
g material having q relatively high thermal con-
ductivity and coefficient of expansion, said heads
each having an axially extending peripheral
flange portion and a ftransversely extending,
axially projecting bearing block slideway sup-
ported from the opposed inner end of each head
and extending between diametrically disposed
portions of the head, said slideways each having
o, bearing surface curved about an axis extend-
ing transversely of and normal to the piston axis,
and a hollow, substantially cylindrically shaped
skirt member having axially extending slots
therethrough and radially extending, inwardly
projecting protuberances formed on the inner
skirt wall adjacent each end thereof adapted to
be engaged with the concentrically disposed walls
of .the flanges on the piston heads, said skirt
member being formed from a material having a
relatively low coefficient of expansion and being
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arranged 50 as to encircle but be out of contact
with said slideways.

9. A double-ended piston comprising a pair of
axially aligned and axially spaced, substantially
cylindrically shaped, head portions connected to-
gether by a concentrically arranged, hollow, sub-
stantially cylindrically shaped skirt portion, said
head portions each having a bearing block slide-
way projecting from the inner side of the head
portion arranged to extend transversely of the
piston skirt portion between diametrically dis-
posed portions thereof but disconnected there-
from, the bearing surfaces of said slideways be-
ing axially spaced apart and aligned to recipro-
cably receive therehetween a bearing block.

10. A double-ended piston comprising a pair of
axially aligned and axially spaced, substantially
cylindrically shaped, head portions connected to-
gether by a concentrically arranged, hollow, sub-
stantially cylindrically shaped skirt portion, said
head portions each having a bearing block slide-
way projecting from the inner side of the head
portion arranged to extend transversely of the
piston skirt portion between diametrically dis-
posed portions thereof but disconnected there-
from, the bearing surfaces of said slideways be-
ing axially spaced apart and aligned to recipro-
cably receive therebetween a bearing block, and
said hollow skirt portion having axially extend-

ing slots therethrough disposed at substantially ¢

right angles to the direction of the slideways
adapted to receive a crank member.

11. A double-ended piston comprising 2 pair of
axially aligned and axially spaced, substantially

cylindrically shaped, head portions connected to- :

gether by a concentrically arranged, hollow, sub-
stantially cylindrically shaped skirt portion, said

10

- head portions each having a bearing block slide-

10

20

v
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way projecting from the inner side of the head
portion arranged to extend transversely of the
piston skirt portion between diametrically dis-
posed portions thereof but disconnected there-
from, the bearing surfaces of said slideways be-
ing axially spaced apart and aligned to recip-
rocably receive therebetween a bearing block,
and said hollow skirt portion having axially ex-
tending slots therethrough disposed at substan-
tially right angles to the direction of the slide-
ways adapted to receive a crank member, said
hollow skirt portion having other axially extend-
ing slots therethrough displaced substantially
ninety degrees from said first mentioned slots
and aligned with said slideways.
ALEXANDER G. HERRESHOFF.
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