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This invention relates to pistons for internal
combustion engines, and more especially to those
made of aluminum or of an alloy in which the
principal ingredient is aluminum.

The main objects of this invention are the fol-
lowing: .

a. To keep the piston rings cooler than is pos-
sible under the same operating conditions in the
aluminum pistons now in common use.

b. To keep the piston head as cool as is prac-
tical in an aluminum piston under the required
operating conditions.

c. To improve the control by the piston of the
amount of oil used by the engine.

In carrying out these main objectives, the fol-
lowing have taken form as auxiliary objects of
the invention:

d. To divide the heat-flow from the piston head
into two parallel paths, leading to the piston skirt
and to the piston-ring flange respectively, and to
control that division so that the heat-flow to the
piston-ring flange can not become excessive.

e. To provide a piston skirt which is able to
receive a large amount of heat from the head
and dissipate that heat, biitt which nevertheless
is of a size such that said piston skirt may be
made a close fit in the cylinder. of the engine
with complete assurance that it will never be-
come too tight.

/. To provide in the skirt of an aluminum pis-
ton control bands on which the aluminum will
slip easily while still fitting closely on the con-
trol bands; and to provide a method for ensuring
that capability of easy slipping.

g. To provide between the piston head and the
piston skirt a connection of such nature that the
skirt will remain round whether the head be hot
or cold. '

h. To provide a piston that in addition to
having the preceding characteristics is strong
and rugged.

As a result of the combined efforts of .a num-
ber of inventors, aided by the experience of the
automotive industry through the years, it is pos-
_sible to produce aluminum-alloy pistons which

‘may be made a close fit in the cylinders, and
which will maintain their clearance from the cyl-
inders substantially unchanged throughout the
temperature changes met in practice, without
slapping, binding, scoring, or undue wear. In all
these pistons this result is obtained by partially
separating the piston skirt from the piston head,
thus reducing the amount of heat that can flow
from the piston head to the piston skirt, and by

providing a skirt that will not become too tight

(CL 309-9)

under these conditions that are highly favorable
for the skirt. It is characteristic of these pistons,
however, that the rings tend to become too hot .
when the engine is running at high speed, and
that when the engine becomes somewhat worn &
the pistons allow ‘it to use too much oil. These
faults will be discussed separately. ’

The overheating of the piston rings and piston
heads comes about as follows: In all the alumi-
num pistons now in use that do not slap when 19
cold nor' get too tight when hot; it is a common
characteristic, as already stated, that the piston
heads are partially separated from the skirts.
This reduces the amount of heat that can flow
from the head to the skirt. 'The skirts are usually 15
ground oval, or “cam-ground” as the automotive
engineer expresses it, so that the skirt is spaced
away from the cylinder in the line of the piston-
pin bosses.  Besides the cam-grinding, the pis-
tons are usually cast with a relief around the 20
piston-pin bosses that is often more than ninety
degrees wide at the head end of the skirt. Very
little heat can flow from the piston to the cyl-
inder walls through these relieved areas. Yet the
only place where the piston heads arz joined to 25
the skirts is in the region of the piston-pin
bosses. The heat flowing from the piston head
to the skirt is therefore not only:limited by hav-
ing a restricted path to follow, but it must also
travel a long distance before it finally reaches 30
the cylinder walls of the engine. Thus in the
present modern aluminum pistons the head from
the head passes to the cylinder walls largely
through the ring-flange of the piston, and mostly
through the rings themselves. The capacity of 85
‘the rings for handling heat is limited, however,
and under extreme conditions they and the pis-
ton heads become very hot. : - .

The overheating of the piston rings and heads
has become worse during the past few years.
Engine designers have been studying how to shape
combustion chambers so that they can use high-
er compressions without detonation. Petroleum
refiners have also made marked improvements
in their fuels, so that they will stand higher com-
pressions. This situation has resulted in the
common use of compression ratios in modern
engines that are much higher than were formerly
thought possible, and accounts for the fact that
much higher flame temperatures are being met g .
now than ever before.

" Engines are also being run much faster than
formerly. ‘The oiling systems have been im-.
proved, bearings made larger and better, recip-
rocating parts lighter, and valves more heat-re- 55
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sistant; and 11 of these things have combined to
make the higher speeds possible. These high

speeds, together with the high compressions and
high flame temperatures, mean that heat is

being poured into the piston heads in modern .

automotive engines at a tremendously high rate.
In the best of these engines, those giving the
most power per cubic inch of piston displace-
ment, it often happens that the oil reaching the
top rings not only becomes too thin to be a good
lubricant, but is actually destroyed by the heat.
This results in undue friction, rapid wearing of
the cylinder walls, and scoring of the rings. One
of the main objects of this invention, as pre-
viously stated, is to correct this over-heating of
the piston head and more especially of the rings,
so that the latter may be properly lubricated at
all times.

Now for the fault of imperfect oil control on
the part of a somewhat worn automotive engine.

* This is often accounted for as follows: It is now

almost the uniform practice in these engines to
supply oil to the main and connecting-rod bear-
ings at a high pressure. When the engine is new
and these bearings are & snug fit, only & reason-
able amount of oil can flow through them and get
on to-the cylinder walls. The oil-control rings
on the pistons can take care of this amount of

" ofl, and the oll economy of the engine is good.

When these bearings become worn and loose,
however, the cylinder walls are flooded with ofl.
As previously stated, modern aluminum pistons
have cam-ground skirts, and/or large relieved

- areas which surround the piston-pin bosses and

extend to ‘the upper end of the piston-skirt. A
portion of this excess oil often gets past these
skirts where the cam-~-grinding or the relief spaces
them from the cylinders. This overloads the oil-

- control rings on the pistons and causes the engine

to use too much oil. One of the main objects of
this invéntion 1§ to correct this situation. I pro-
vldetheplstonwlthaskirtthatcansafelybe
‘made round and a close fit in the cylinder of the

engine. ' When this skirt is properly fitted into a.

good cylinder, it will help keep any excess of oil
from ever reaching the oil control rings. This

helps an engine avoid using too much oll even.
‘when its bearings are loose andthe cynndersare

being flooded with oil.
My invention s fundamentally directed toward
memﬂn:omhnﬁngofthepistonrlngsandm

and at the same time toward con--

consequences;:
tromncthomuonlklrtsothutitnotonlymaybe
and will remiin round or substantially so but ex-

. pands and contracts with such a lower thermal
'ooeﬁcientofexmnsionwlthrespecttothatof

" aluminum and its alloys that proper clearance

betweenthepistonsklrtandthecylmderismain
tained at all temperatures.. -

Other objects of ‘my invention will appear
hereinafter.

My invention : !.s mustrated in the followins

- drawings, which show such invention in cerfain
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preferred forms. -In. such drawings, Fig..1 is'a

longitudinal section, with paris in elevation, ofa.
piston embodying & form of my invention in
which two expansion-conirol bands are used in -

the skirt, the skirt is provided with a single slot,

-and the heat-flow to the piston-ring belt is con-

trolled withovt requiring any groove in the pis-

ton-head surface; Figs. 2, 3, and 4 are transverse -

sections substantially on the lines 2—2, 3—3, and

44 of Fig. 1; Fig. 5 is a longitudinal section, .

with parts in elevation, generally similar to Flg. 1,
of & plston embodying a form of my invention in

2,221,688

which there are two expansion-control bands, and
two slots in the piston skirt, and an annular
groove in the piston head®to reduce the cross-
section of the heat-flow path to the piston-ring
flange; Fig. 6 is a longitudinal section generally
similar to Figs. 1 and 5 of a piston embodying a
form of my invention in which there is only one
expansion-control band and in which the piston
skirt has three slots; Fig. 7 is a fragmental cross-
section, illustrating a modification in which the
two sides of & slof in the piston may be inter-
connected by a flexible connection; Fig. 8 is an-
other longitudinal section and partial elevation
generally similar to Fig. 1, of a piston embodying

a form of my invention in which there are two.

expansion-control bands, and the upward ex-
tension of the piston skirt is divided into segments
by groups of slots; Fig. 9 is a section on the line
89 of Fig. 7; Figs. 10 and 11 are Iongitudinal
sections, and Fig. 12 an elevation partly in sec-
tion, generally similar to Fig. 1, but of pistons em-

bodying various modifications of my invention;
Pig. 13 is a transverse section on the line I13—I13
of Fig. 12; and Fig. 14 i$ a transverse section gen-’

erally similar to Fig. 13 but on a smaller scale, to

10
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illustrate a modification in which a split expan-

sion-control band with nbn-qverla.pplng ends:is

used. .
A piston embodying my invention, as illustrated
in the various figures of the drawings, has a pis-
ton head 20, the top portion 21 of which is joined
at its edge to a depending peripheral piston-ring
flange. 22 provided with piston-ring grooves 23, 2
piston skirt 24, and piston-pin. bosses 28 /‘which
are desirably provided in and carried by the skirt.
Both the head and the skirt are made of alu-
minum or aluminum-alloy, (collectively referred
to simply as aluminum,) cast as one piece.

The piston skirt 24 has an upward extension

26, which extends upward from the cylinder~
engaging portion 21 from & Doint at or near the
upper end of the latter and les radially inside of
the piston-ring flange 22. ‘The cylinder-engag-
ing portion 21 of the skirt is preferably ground
substantially round externally, especially in the
region of the expansion-control bands herein-
after described, save that at and in the immediate
vicinity of the piston-pin bosses 2§ there may be
relief which desirably does not extend to either

_the top or the bottom of that cylinder-bearing

portion 21. The upward skirt-extension 26, in
the preferred embodiments of ‘my ‘invention, is

30

35

45

80

in general annular in ms-secﬁon. as is clear

from Fig. 2, and generally cylindrical or slightly -

conical; and it forms an integral and homogene-

ousconnecﬂonbetweenthetop portion 21 of the .

piston head 20 and the cylinder-engaging skirt-

portion 2T by being cast in one plece therewith.
The lower edge of the piston-ring flange 22 is

spaced longitudinally from the upper end of the
main or cylinder-engaging skirt-portion 21, and

“in spaced radially from the upward ‘skiri-exten-

gion 28, to provide a generally annular open space
28 which communicates with the exterior just be-
low the edge of the piston-ring flange 22 and is
readily formed by the use of a sand core.

The upward skirt-extension 26 may join the
main or cylinder-engaging skirt portion 27 in
various ways. For instance, it ‘may spring in-
wardly directly from the upper end of that cyl-
inder-engaging portion 27 and swing upward in a
smooth curve into the annular portion that joins
the piston head, ag is fllustrated in Pigs. 1, 6, 8,
and 11' or it may spring inwardly directly from

65
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the upber end of that cylinder-engaging portion

.21, but dip slightly downward first before swing-

ing upward in a curve into the annular portion
that joins the piston head, as is illustrated in Fig.
5; or it may spring inwardly from a point slightly
below the upper edge of the cylinder-engaging
portion 271 and swing upward into the annular
portion that joins the plston head, as is illustrated
in Fig. 10.

The piston head 280 is composed of two sections,
the more or less flat disk 21 formlng the top por-
tion, and the depending ring flange 22. The metal
joining these two sections is made of constricted
cross-section, markedly thinner than is either
the top portion 24 or the upward skirt-extension
26, to make smaller the cross-section of the metal
path for heat flowing from the top portion 21
to the piston-ring flange 22. This constriction
may be provided by extending the open space 28
up fairly close to the upper surface of the piston
head, to leave a constricted portion 30 to limit
that heat-flow to the piston-ring flange 22, as is
illustrated in Figs. 1, 6, 8, and 10. Or, if it is
desired that the annular space shall not extend
50 close to the top surface of the piston, that top
surface may be provided with an annular groove
31, preferably slightly oblique to the.piston axis,
as is shown in Figs. 5 and 11, which annular
groove lies generally above the upper end of the
annular space 28 to leave between it and that
annular space the desired constricted portion 32.
By controlling the depth of the groove 31, which
is commionly provided by machining, the size of
the constricteq portion 32 is readily .controlled.
If desired, the annular groove 31 may be filled
with some suitable heat-insulating filling 33, such
as asbestos, as is illustrated in Fig. 11; but that
filling is not always necessary.

By reason of this construction, the heat Whlch
the piston head receives from the explosion may

. flow from that piston head in two paths in paral-

lel. One path is by way of the constriction 30 or
32 (Figs. 1 and 5 respectively) to the ring flange

22, and therefrom through the piston rings into

45

50

55

the cylinder and the cooling water in the water
jacket. The other path is by way of the upward
skirt-extension 26 into the main or cylinder-en-

_gaging skirt-extension 21, and hence across the

oil film into the cylinder and the cooling water.
By properly controlling the size of the skirt-ex-
tension 26 and of the constriction 30 or 32, a large
part of this heat may be compeiled to flow into
the piston skirt, and the amount which flows into
the ring flange 22 may. be kept sufficiently small
to prevent undue heating of that piston-ring
flange and the disadvantages attendant thereupon.
The pin bosses 25, however, remain fairly cool,

" because they are not in the heat-flow path from

60
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the piston head to the cyhnder-engagmg por-
tion 27 of the piston skirt.

"The piston head expands and contracts upon
changes in temperature in accordance with the
thermal expansivity (thermal coe#cient of ex-
pansion) of the aluminum alloy of which it is
made. It is prevented from ever becoming too
tight in the cylinder by being given an initial
clearance larger than any expansion it can make.
This is possible for the reason that the rings form
the seal for this part of the piston, and it is not
necessary that the ring-lands ever come close
to the cylinder walls.

The problem in connection with the skirt is a
different one. The cylinder of the engine is ordi-
narily made of cast iron, and is water-cooled.

3

That cast iron has about half the thermal ex-
pansivity of the aluminum piston alloys, and never
reaches a very high temperature. 'The piston
skirts, on the other hand, are made of aluminum
(or aluminum alloys), and in pistons after my
design they handle a large amount of heat. ‘This
makes it necessary for them to become quite hot,
especially at the upper or head end of the cylin-
der-bearing portion. A comparatively small in-
crease in the temperature of the skirt would cause
the aluminum in . it, if uncontrolled, to expand

“more than the. allowable clearance between the

cylinder and the piston of a cold engine. The ex-
pansion of the piston skirt upon increase in tem-
perature must therefore be restricted to less than
the expansion. which would be produced by the
thermal expansivity of aluminum alloy if proper
clearance between the piston skirt and the cylin-
der is to be preserved at all temperatures; and
more especially so as the piston skirt is preferably
machined substantially round, with clearance at
the piston-pin bosses only, instead of being ground
oval.

To permit this, whenever substantially constant
skirt clearance is desired, the piston skirt is pro-
vided with one or more generally longitudinal

‘slots, which can be closed to a greater or less

extent by various expansion-restraining forces
as the temperature of the piston skirt increases,
thus making the skirt compressible in relation

to its diameter. The slot or slots may be variously .

arranged, but there is at least one slot in this
upward skirt-extension 26 and in at least the
upper part of the main or cylinder-engaging por-
tion 21. . The slots can be and preferably are com-
pletely open, as illustrated in many of the figures
of the drawings; but they may have their op-
posite edges interconnected, usually for only a
portion of the slot-length, by a flexible connectlon
83, as is illustrated in Fig. 7.

In the embodiments of my invention shown in
Figs. 1 to 4 inclusive, and Figs. 12, 13, and 14, there
is a single slot 35 which extends throughout the
entire length of the piston skirt, from the bottom
thereof to substantially. the point where the pis-
ton skirt joins the piston head 2f. This slot 35
is desirably slightly oblique, at least'in the cylin-
der-engaging portion 271 of the skirt, to prevent
the production of a ridge in the eylinder wall.

In the embodiments :0f my invention shown in
Figs. 5 and 10, there are two slots, one being the
oblique slot 35 (of Figs. 1 to 4) extending the full
length of the piston skirt, and the other being a
slot 86 which is located approximately opposite
the slot 35 and extends from the upper end of
the skirt-extension 26 downward through that
skirt-extension and part way through the cylin-
der-engaging skirt-portion 27 to an intermediate
point in the length of the latter, to end in a round
hole 31. By having two slots the skirt is made
less stiff.

In the embodiment of my 1nvent10n shown in
Fig. 6, there are three slots, one being a slot 36
ending in a round hole 31, substantially as in the
modification shown in Figs. 5 and 10, and the
other two slots 38 and 38 being about opposite
that slot 36 or in the same general location cir-

Neither slot 38 nor slot 39, nor the two of them
together, extends the full length of the piston
skirt; but the slot 38 extends downward from
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‘cumferentially as is the slot 35 of Figs. 1 and 5. .

70

the top of the upward skirt-extension 26 through

that skirt-extension and only a short distance
downward into the main or cylinder-engaging

5
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skirt-portion 27 {60 end in & round holeé 49, and
the slot 39 extends upward from the bottom of
the skirt a comparatively short distance to end
in a round hole 4. This arrangement of the
5. slots gives a fairly flexible skirt construction. -
In the embodiment of my invention shown in
Figs. 8 and 9, a slot 42 extends the full length of
the piston skirt, as does the slot 38 in Figs. L, 5,
and 10; but it differs from the slot 36 in that it
10 has two oppositely oblique portions, which is
. sometimes desirable. In addition to the slot 42,
shownt in this embodiment of my invention, there
may be a number of slots 43 extending longitudi-
nally at least in the region where the two skirt-
15 portions 26 and 21 join each other, and desirably
extending upward to or substantially to the top
of the upward skirt-extension 26 and downward
into the main or cylinder-engaging skirt-portion

21 to the vicinity of the piston-pin bosses 26. The

20 slots 43 are often conveniently all in planes par-
allel to the axis of the piston pin, to make it
possible to withdraw the:cores when metal cores
are used to form the open interior of the piston;

- which metal cores are conVenlently .of the three-"

25 piece type.
~ In the embodiment ot my invention shown in
“Wg. 11, a single slot 44 extends downward from
the top of the, skirt-extension 26 through that
skirtextenslonandthrougha.largepartofthe
30 Jength of the main or cylinder-engaging skirt-

portion 21, to terminate in & round hole 4% Io-

cated ‘below the transverse plane of the piston-
- pin axis. :
By the provision of these slots 35, 36, 38, 39,

35 42, 43, and #4, or various combinations of them,:

the main. or cyllnder-engaging skirt-portion 28
is made compressible, either at its upper end or
throughout its length as the case may be, so that

by the closing of- ‘thosé. slots when the piston is .

40 heated the expansion of the skirt-diameter may

be made independent of the expansion of the pis-
ton head and of the thermal ‘coefficient. of expan<
sion of aluminum and aliminum-alloy; snd made”
gs would. require if theycon-.

45 trolled. -If ‘no: slo xtends. to the lower end of
' a.1s preferably sround

less than those

the skirt, that owe
oval.’ :
The compression of the ‘main- or cylinder-en-

- gaging ‘skirt-portion: 21, 'or at least of its upper -
50 end, from the: ‘diametral size called for by the

thermal coeficient of exmslon of aluminum or
a.luminum—alloy, ‘may if desired be merely by the

reaction of the encircling cylinder wall; and that -
is the case in. the embodiment of my mvention a

55 shown in Fig. 11

However, in the prefeifed forms of my inven-

tion I control that expansion of the main or ¢yl

~ Inder-engeging - skirt-portion 27, or at least of
‘the upper end thereof, by means independent of

- 60 the cylinder wall, and embodled in and forming
-part of the piston itself; as i3 illustrated in the
other figures of the drawings. To this end I pro-
vide in the upper end of the main or cylinder-

. enaaging skirt-portion 21 an expansion-control
G5 hand- 80. - This exp#nsion-control band may be
an endless. band, as is illustrated in Figs. 1 to 10
inclusive, or it may be a split band having its

- two ends either overlapping as in Figs, 12 and 13
70 Or non-overlapping (and desirably abutting) as
in Fig. 14, with those ends provided in either case
with inturned fingers 8! which grip the alumi-
num of the piston-body. If there is a split in

this expansion-control band, as in Figs. 12, 13, -

s and 14, it is desirably remote from any of .the

92,231,688

longitudinal slots above described, as by being
opposite the alot 3§ as illustrated.

This expansion-control band 50 is' made of
some strong metal with a lower thermal expansiv-
ity (thermal coeficient of expansion) than that §
of the skirt-metal, aluminum or aluminum alloy;
such as steel or nickel steel of a desired thermal
expansivity. It is of material of uniform cross-
section, .and desirably has smooth surfaces, so
that the aluminum may slide circumferentially 10-
on it; and to that end its parts at and near any
longitudinal slots which it crosses are in a plane

_perpendicular to the piston axis.

© By reason of the expansion-control ‘band 50,
the piston skirt in the plane of such expansion- 18
control band is prevented from increasing in
diameter too greatly upon increase in tempera-
ture. It is held down to the increase which is
permitted by the thermal coefficient of expan-
sion of the expansion-control band. The excess 20
expansion of the aluminum is taken up by cir- -
cumferential movement of it on the expansion- -
control band to produce & greater or less closing :
of the slot or slots 35, 36, 38, 42, and/or 43 which ~
cross the plane of that expanslon-control band. 25
This control is effected without material distor-
tion of the circular form of the piston skirt by
having the various parts of the piston designed

‘to that end, and especially by reason of the an-
.nula.r form of the upward skirt-extension 26. 30

- The expanstoni~control band 58 at the upper
end of the main or cylinder-engaging skirt por--
tion 27 may be the only expansion-control band,
as is the case in that form of my invention which

-is {llustrated in Fig. 6. However, I deem it prefer- 35

able to have a second expansion-control band

B2 near the bottom of the piston skirt, as Is illus-
trated in Pigs. 1 and 4, 5, 8, 10, and 12, This is
shown as an endless band, although it is not .
necessarily so..:The lower expansion-control 4,

-band §2 may be of steel or nickel steel, with a

thérmal expansmty less than that of aluminum
or aluminum alloy; but the thermal expansivity
of .the lower expansion:conirol band §2 may be

‘ and desirably. is greater than that of the upper 45
- expansion~-control band 88 because the lower part )
" of the piston skirt d
“upper part.

‘ qs_not get 80 hot as the. -

. The expansion—contml bands 80 and 52 may
be of any desired cross-section. I consider it go
best to have the upper expaniion-contiol band :

n-lluthersturdyintheradlmofthepiswn,u

‘by being of a round or square cross-section, for
it i3 this expansion-control band which exerts
most of the controi,. The lower expansion-con- gg
trol band 82, becauge the load on it is less, may

.bemadeotasteelstrlpwhichisfamywldem4

the direction of the piston length and relatively.

. thin in the direction of the piston radius. Both

expansion-control bands. 88 and 82 are cast in w

- place—by which I mean that they are prefabri-

cated and set in proper position in the mold into
which the molten aluminum-alloy is poured to
form the aluminum-alloy body of the piston.

-~ To'insure the best control, the expansion-con- g
trol bands should meet two requirements. They
should be cast in place in the skirt in such a way
that the aluminum will slide over them easily,
and they should be a close fit in the aluminum.
Untreated steel bands cast in place directly in gq¢ .
the aluminum will not allow the latter to slip as
readily as is desirable; for the aluminum gets
too powerful a pinching grip on the steel bands,
To prevent this I provide the steel bands with &
slip-promoting coating; .for which I use an ex-
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tremely fine, soft, unctuous, amorphous, pow-
_dered graphite, such as is frequently used as g
coating on dry sand cores or on the surfaces of
metal molds. I heat the bands well above the
boiling temperature of water, and then apply to
the bands, with s spray gun, a water suspension
of thet graphite. In this way I produce a thin
but fairly hard coating of the graphite that is
baked on to the bands and is hard enough so
that the band may be handled without material
danger of removing such coating. In fact, the
coated bands will stand considerable handling
without having the coatings come off. ‘This coat-
ing .can be made thick enough so that as the
aluminum ecasting contracts in cooling, the
graphite will be compressed without allowing the
aluminum to grip the band too strongly, and yet
thin enough so that the band will be a close fit

10

in the casting. The graphite not only prevents-

the casting from obtaining too powerful a grip
on the band, but also serves as an excellent Iubri-
cant to facilitate the sliding of the aluminum

over the bands. '

Other coatings may be used instead of the
graphite, but care must be exercised to avoid
the use of any substance that wilL form g gas
and produce blow-holes in the casting.
graphite Is likely not to cling to the bands in
large enough quantities to prevent the Sripping
of the aluminum. A graphite paste is likely to
form too ‘thick
aluminum too loose on the bands. Moreover,
_ elther dry graphite or graphite paste may often
be rubbed off fairly easily, and may thug allow
the aluminum to grip the bands too strongly at
various points, I therefore prefer the coating
of baked graphite applied as described. '

. Because a piston according to this invention
- can be ground round, instead of being ground
40 oval, it provides an unusually fine of] control.
‘By reason of ‘the expansion-control band or

ds, this grinding' roung may be made with

25

confidence that it will not result in too tight a

fit of the piston in the cylinder,
hot the engine gets,
I claim ag my invention: S
. 1L A piston,
bosses, a head made up of s top portion and a
ring flange, connecting means of large heat-
carrying capacity that passes inside of said ring
fiange and joins said skirt to said top portion,
sald ring flange being joined to said top portion
by a section of metal markedly thinner than is
the metal in said connecting means to keep small
the heat-flow to the ring flange, and an expan-
sion-control band that is of lower thermal ex-

no matter how
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_pansivity than is the skirt-metal and that g
cast into the upper part of said skirt in the re-

& coating and s0 to make the

comprising a skirt, piston-pin-

8

glon where it joins said connecting means, said
skirt being provided with g plurality of longi-
tudinal slots which extend across the plane of
said expansion-control band and which include
slots which approach close to the piston head
and slots which extend below the transverse
plane in which the. axis of the piston-pin bosses
les,

2. A piston comprising a skirt, pin bosses, a
head composed of a top portion and a ring fiange,
and expansion-control bands having lower ther-
mal expansivity than the skirt metaj and mount-
ed in the upper and lower parts of the cylinder-
engaging portion of said skirt, said skirt being
separated from said ring flange and being con-~
nected fo the top portion of said head by an
annular skirt-extension passing inside of said
ring flange and being longitudinally slotted across
the planes of said expansion-control bands, the
upper expansion-control band having s lower
thermal expansivity than has the lower expan-
sion-control band.

3. A piston, comprising a head, pin bosses, and
‘a skirt, said skirt being slotted longitudinally
and having two expansion-control bands cast in
place in it near the upper and lower ends of its
cylinder-engaging portion, both of said expan-
slon-control bands having a lower thermsal ex-
pansivity than the skirt metal, and the upper

- one having a lower thermal expansivity than the

lower. ‘ -
4. A piston, comprising g skirt, pin bosses, a
head made up of a top portion and a ring flange,
said skirt having an annular skirt-extension of
large heat-carrying capacity that passes inside
of said ring flange and joins said skirt to said
top portion, said skirt and its skirt-extension be-
ing spaced from said ring flange to leave an open
space, gaid ring flange being joined fo sald top

portion by a section of metal that is markedly
thinner than said top portion to keep small the

heat-flow {o the ring flange, and said skirt being
slotted longitudinally, and expansion-control
bands cast in place in the upper and lower por-
tions of the cylinder-engaging part of said skirt
to control the skirt diameter, said expansion-
control bands having & lower thermal expansivity
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than the skirt metal and the upper one having g -

lower thermal expansivity than the lower oae,
and both of said expansion-control bands being
coated with a material that facilitates the slid-
ing of the skirt-metal on them.

" 5. A piston ag set forth in claim 4, with the

addition that said skirt-extension and the upper

" part of the cylinder-engaging part of the skirt

are provided with g

plurality of longitudinal
slots. ‘

OTTO CARTER BERRY.
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