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24 Claims. (CL 309-1) 1. 
This invention relates to reciprocating piston 

type engines and is directed to improving the 
durability and wearing life thereof. More par 
ticularly, the invention is directed to reducing 
friction and wear resulting from sliding contact 
between cylinders and operating pistons. 
While the invention has utility for reciprocat 

ing piston engines in general it is primarily con 
cerned with internal combustion engines which, 
because of high operating temperatures and pres 
Sures therein, high wearing side thrust of the 
piston against the cylinder surface and difficulty 
of maintaining efficient lubrication between the 
Surfaces of the cylinder and piston parts, pres 
ent material and construction problems in obtain 
ing long time wear-resistance which, for the most 
part, are more serious than experienced in other 
reciprocating engines, such as liquid and gas 
pumps, steam engines, etc. - 
Engine cylinders, and internal combustion en 

gine cylinders in particular, are ordinarily formed 
of cast iron or equivalent relatively hard metal. 
In some cases the cylinder block has been made of 
softer metals such as aluminum and aluminum 
alloys whicn, because of their lighter weight and 
better heat conducting properties, provide certain 
obvious advantages. However, because such 
SOfter metals have relatively poor wear-resist 
ance under normal conditions in an engine cylin 
der under the continual sliding contact of the 
piston and piston ring surfaces therewith, it has 
heretofore been found necessary when construct 
ing the cylinder block of softer metals to insert 
a tubular sleeve of harder metal such as steel 
as the cylinder wall to obtain satisfactory wear 
ing qualities. Such practice decreases thermal 
efficiency and other advantages of the lighter 
metals, and involves various mechanical problems 
in construction, with the result that ordinarily 
it has been more usual to construct the entire 
cylinder block as well as the piston and contact 
ing cylinder walls of hard metals which have rea 
sonably good wear-resisting properties. 

Internal combustion engine pistons are usually 
Constructed of iron, although they may be, and 
Sometimes are, constructed of aluminum. , Com 
pression Seal is obtained with the cylinder wall 
by expansible rings carried by the piston. Such 
rings are usually of hard metal and tend to wear 
the cylinder walls, and this wear is supplemented 
by additional wear caused by contact of other sur 
faces of the piston with the cylinder. Of course 
lubrication of the cylinder walls is provided in 
all engines to minimize wear, but nevertheless 
wear is a Serious factor. 
The problem of wear in reciprocating piston 

engines is a serious one even when the cylinder 
bore is composed of hard metals because costly 
reboring of the cylinder and replacement of at 
least the piston rings are necessary to overcome 
its effects after an extended running period. The 
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2 
more rapid wear when cylinder bores are com- - 
posed of Softer metals results in Such a short 
running life for Such cylinders as to make their 
use uneconomical and impractical despite inher-.... 
ent advantages for cylinder bore purposes pos 
sessed by various of the softer metallic materials 
Over the commonly used harder metals. 

It is a general object of the invention to improve 
the Wear-resistance of engines whatever the Com 
position of their cylinder bore. 

It is a further particular object of the invention 
to SO increase the wearing life of cylinders of 
softer metals such as aluminum as to make their 
use practical and economically sound. 
To carry out these objects the invention pro 

vides improvements both in the piston assembly 
and cylinder construction. I prefer to employ a 
novel piston assembly and novel cylinder con 
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Struction jointly in order to secure best results, 
but one of such features may be employed with 
Out the other with lesser but at least fair results 
in improved wearing life. The improved pistOn 
assembly and cylinder construction can be used 
to advantage individually in cylinders of both 
hard and softer metals to improve wearing prop 
erties and minimize lubrication problems. The 
cylinder construction is of greatest utility for 
cylinders of Softer metals, but may also be en- . 
ployed to increase the wearing life of cylinders 
Of hard metals. 
Among the individual features of the invention 

are the use of non-metallic sealing rings, the 
use of non-metallic pistons of compositions, such 
as carbon graphite, having lubricant retaining 
and/or self-lubricating properties, or alternately, 
the use of metallic pistons equipped with special 
non-metallic fixed and/or expansible inserts or 
rings additional to sealing rings with lubricant 
retaining and/or self-lubricating properties, and 
the construction of the cylinders to include a se 
ries of Small inserts formed and arranged to in 
crease wear-resistance of the cylinder metal. 

For internal combustion engines such rings 
must not only be durable but heat resistant and, 
to minimize wear of both cylinder and rings, the 
rings should preferably have lubricant retaine 
ing properties. I prefer to employ novel hard, 
non-metallic rings Such as disclosed in my co 
pending application, Serial No. 534,300, filed May 
5, 1944, and hereafter to be described. 
While the individual features of the piston as 

sembly and the cylinder construction, may be 
employed independently, best results are secured 
with all of them jointly. For example, employing 
an aluminum piston equipped with non-metallic 
rings in an internal combustion engine aluminum 
bore cylinder, it was found that the engine still 
operated satisfactorily without noticeable loss in 
compression, and the cylinder and the ring 
showed only a slight degree of wear after some 
hundreds of hours. By incorporating a series of 
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small wear-resistant inserts in an aluminum cyl 
inder bore it was found the wear-resistance of the 
cylinder was greatly increased. By utilizing a 
non-metallic piston composed of carbon graphite 
having lubricating properties, a protective film 
was formed thereby on the cylinder wall which 
enhanced both the wearing properties of the cyl 
inder and the rings. The latter result was also 
obtained by employing metal pistons having fixed 
inserts and/or expansible ring-like carbon 
graphite inserts. 
The novel cylinder insert construction here 

proposed comprises a series of relatively wear 
resisting narrow rings uniformly and narrowly 
Spaced from each other lengthwise of the cyl 
inder and preferably presenting collectively a 
total area no greater than half the surface area 

Preferably also, such rings are 
inclined relative to the cylinder axis, and by 
adjustment of the -angle of inclination of the 
inserts in relation to the diameter of the cyl 
inder the proportionate contact of surface parts 
of the piston assembly made simultaneously with 
the respective cylinder and insert surfaces under 
reciprocation of the piston may be maintained 
constant and equal, all as hereafter more fully 
explained. 

In the drawings: 
Fig. 1 is a side view of one embodiment of 

a piston assembly according to the invention; 
Fig. 2 is a fragmentary vertical section of the 

piston assembly of Fig. 1 in an engine cylinder; 
Fig. 3 is a side elevation of a second piston 

assembly according to the invention; 
Fig. 4 is a fragmentary vertical section of the 

piston assembly of Fig. 3 in an engine cylinder; 
Fig. 5 is a horizontal vertical section taken on 

the line 5-5 of Fig. 3; 
Fig. 6 is a side elevation of a third form of 

pistOn a SSembly according to the invention; 
Fig. 7 is a fragmentary vertical section of 

the piston assembly of Fig. 6 in an engine cyl 
inder; Fig. 8 is a side elevation of a fourth piston 
assembly according to the invention; . 

Fig. 9 is a fragmentary vertical section of the 
piston assembly of Fig. 8 in an engine cylinder, 
and taken. Online 9-9 of Fig. 8: 

Fig. 10 is a horizontal section taken on the . 
line O-O of Fig. 9; 

Fig. 1 is a side elevation of the piston as 
sembly employed in the engine cylinder of Fig. 12; 

Fig. 12 is a fragmentary vertical Section of a 
preferred form of cylinder construction incor 
porating inclined ring-like inserts, and showing: 
one preferred form of piston assembly therein; 

Fig. 13 is a side elevation of a piston assembly 
employed in the engine cylinder of Fig. 14; 

Fig. 14 is a fragmentary vertical section of 
an engine cylinder incorporating ring-like inserts 
arranged at a different inclination than in Fig. 
12, and further showing a piston assembly there 
in; Fig. 15 is an explanatory view of a full-length 
engine cylinder with ring-like inserts in vertical 
section with a piston in side elevation therein, 
and diagrammatically illustrating rotation of the 
Crank shaft, the cylinder and piston being in 
accordance with Figs, 13 and 14; 

Fig. 16 is a perspective view looking down on 
an air-cooled engine cylinder incorporating ring 
like inserts in accordance with the invention; 

Fig. 17 is a vertical section of the cylinder of 
Fig. 17; 

Fig. 18 is a fragmentary perspective view of 
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4. 
an assembly of ring-like inserts employed in the 
cylinder of Figs. 17 and 18; 

Fig. 19 is an explanatory chart diagrammati 
cally illustrating the area of contact made by 
piston rings with ring-like cylinder inserts and 
intervening land portions of the cylinder in five 
positions a, b, c, d and e of downward travel 
of a piston, with four different angles of incli 
nation of the insert rings relative to the cyl 
inder axis represented in columns I, II, III and 

Fig. 20 is an explanatory chart along the gen 
eral lines of Fig. 20, and illustrating the effect 
of employing piston rings narrower than the cyl 
inderring-like inserts; 

Fig. 21 is a further explanatory chart wherein 
the piston ring is wider than the cylinder ring 
like inserts; and, Fig. 22 is a diagrammatic view illustrating 
the relationship between cylinder diameter and 
cylinder insert angle. 
In Figs. 1 and 2 the piston assembly throughout 

its operative surfaces comprises hard, non 
metallic materials adapted to withstand the tem 
perature and pressure conditions encountered in 
internal Combustion engines. Such materials are 
also adapted to produce a minimum of friction 
in sliding contact with engine cylinder walls in 
the presence of a lubricant so as to minimize 
Wear of the cylinder Wall under reciprocation of 
the piston, and be themselves sufficiently wear 
resistant to be operative without replacement 
Over prolonged periods of engine operation. 

In such embodiment the piston body 30 con 
prises hard, fine grain carbon graphite such as 
commercially available on the market in cylindri 
cal stock form from which the piston may be 
lathed to shape. The piston may be molded from 
powdered carbon graphite with a suitable heat 
resistant binder, Such as water glass, under high 
pressure from thirty to fifty tons per square inch, 
or more, and baked at high temperature. The 
carbon graphite employed should have relatively 
good heat conducting properties, since other 
wise the top of the piston tends to spall under 
operating conditions in an internal combustion 
engine cylinder, and preferably should have a 
thermo conductivity of 70-120 B, t, u/hr./sq. 
ft./F. The material should have a transverse 
strength of better than 1500 and a compressive 
strength of better than 4000. The grain size 
should be as small as practicable so as to avoid 
abrasion of the cylinder walls. A hardness of 35 
to 45, or better, is deemed desirable to insure pro 
longed wear-resistance. In Order that the piston 
be of a diameter to rather closely fit the cylinder, 
it is desirable that the coefficient of expansion of 
the carbon graphite be no greater than that of 
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the cylinder, and it may be somewhat less. A 
commercial carbon graphite which has proved 
satisfactory is Stackpole, grade HCl. 
As will be seen in Fig. 2, the carbon graphite 

piston body 30 is provided with a series of cir 
cumferential grooves 3 accommodating sealing 
rings 32 backed by iron or other metallic ex 
pander rings 33. As conventionally two of the 
rings are located at the upper portion of the pis 
ton. A third ring is located in the lower por 
tion of the piston, although the latter may be 
dispensed with. 
Rings 32 are of a split, expansible type and 

are comprised of hard, non-metallic material. 
Preferably such rings are composed of hard mold 
ed heat-resistant material such as woven or 
braided asbestos rope or tubing, treated with a 

  



heat-resistant hardening agent such as water 
glass and a fire-retardant agent such as Du Pont's 
"CM,' molded under a pressure of between 40 
tons and 50 tons per square inch, depending on 
the width. Of the rings, and baked at a temper 
ature of about 300°F., for a period of about six 
hours, the ring and method of making the same 
being in accordance with my copending applica 
tion, Serial No. 534,300, filed May 5, 1944. 
The operating surfaces of both the piston 30 

and the non-metallic rings 32, while differing.in 
their composition, and despite their hardness, are 
readily wetted by engine lubricant, and in fact 
are lubricant absorbing, so as to create only a 
low amount of friction with the operating surface 
of engine cylinder 37. Hence, despite their non 
metallic character piston 30 and rings 32 are 
long-Wearing under operating Conditions and 
prolong the life of the cylinder Surface against 
Wear. 
Cylinder 37 may, as conventionally, be of cast 

iron, a relatively hard metal. Despite its rela 
tively good Wear-resistant properties a cast iron 
cylinder eventually wears, particularly in the in 
termediate portion thereof due to the side thrust 
of the piston against the cylinder wall when the 
engine crank and connecting arm are substan 
tially inclined to the axis of the cylinder bore. 
Under such conditions conventional metallic 
rings employed with Conventional metallic pis 
tons due to friction, and despite lubrication, even 
tually wear the cylinder to an oval cross-sec 
tion. By employing the described piston and 
rings the life of the cylinder against such wear is materially prolonged. 

It is also contemplated to use a non-metallic 
piston assembly in an engine with cylinder 37 
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composed of light-weight metal such as alumi 
num and aluminum alloys with substantial in 
crease in the wearing life of the cylinder as com 
pared with the employment in such a cylinder 
of an all-metal piston assembly. While the Wear 
resistance of aluminum and like softer metals is 
substantially less than that of cast iron, and in 
the past has not been found feasible for the cyl 
inder bore, the employment of the present pis 
ton assembly so increases the wearing life of Such 
a cylinder as to make it practical, particularly 
for smaller types of internal combustion engines. 
. The employment of carbon graphite for cylin 
der body 30 is preferable over other non-metal 
lic material because carbon graphite itself not 
only absorbs lubricant, but itself has lubricating 
properties. In the course of engine operation 
graphite is deposited in the form of a thin film 
on the cylinder surface which presents a highly 
polished appearance, and such film serves to in 
crease the wear resistance of the cylinder bore 
and minimize wear of the non-metallic piston and 
rings as well as of the cylinder. A cylinder hav 
ing a bore of aluminum appears to take the pro 
tective graphite film more readily than iron, 
probably due to the wetting properties of alumi 
num, and better results are obtained with a pis 
ton assembly including graphite operating sur 
faces than where the piston assembly is composed 
entirely of other materials. 

40 

6 . 
ring, although not necessarily so, is composed of 
carbon graphite, and serves the same film-form 
ing function with reference to the cylinder wall 
as the piston 30 of similar composition in the 
previous embodiment. Ring 45 is here shown as 
a four-section split ring adapted to be expanded 
by a spring metal backing ring 46. Such ring 
tends to form a protective graphite film on the 
bore of cylinder 47 to protect the same against 
wear by sealing ring 42 and the metallic working 
surface of piston 40. 

In the further embodiment of Figs. 6 and 7 
the piston body 50 is again composed of conven 
tional metal composition, and sealing rings 52 
are non-metallic and of the composition previ 
ously described. In the skirt portion of the pis 
ton body is an annular groove 54 filled with a car 
bon graphite ring, or insert 55 which functions 
for the same purpose as the expansible carbon 
graphite ring 45 in the embodiment of Figs, 3 
to 5 with respect to the bore of cylinder 57. As 
shown, insert 55 is substantially wider than seal 
ing rings 52, although this is not considered crit 
ical, 
In the embodiment of Fig. 8 a metallic piston 

body 60 is provided with expansible non-metal 
lic split sealing rings 62 as in previous embodi 
ments. In this case the rings are located below 
the pivotal Wrist pin connection of the piston 
with the usual connecting rod. To avoid loss 
of compression, the outer ends of the piston bore 
63 for the wrist pin are closed by plugs 64, pref 
erably of carbon graphite. A fixed carbon graph 
ite insert 65 may be located in the skirt portion 
of the piston below the rings. In addition to, 
or in lieu of, insert 65, there is a lubricant ab 
sorbing fixed insert ring 69 surrounding the up 
per portion of the piston and seating in groove 
68 formed therein. Groove 68 at a plurality of 
circumferential points is provided with inward 
extensions 68’ opening interiorly of the hollow 
piston body, and Such extensions are filled with 
inwardly projecting portions 69' of insert ring 

45 
69. The purpose of such arrangement is to per 
mit lubricant from the engine crank case ac 
cumulating in the hollow interior of the piston . 
to be absorbed therefrom by ring 69. Ring $9 
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is thus rendered lubricating at its working sur 
face to minimize friction with the surface of 
cylinder 67. Ring 69 is preferably a hard ring, 
and of carbon graphite composition to increase its cylinder lubricating action. 
Whereas the piston assemblies heretofore de 

scribed may be employed in cylinders whose bore 
is constituted throughout of the same metal ac 
the main cylinder casting, improved wearing qual 
ities may be obtained by employing cylinder in 
serts in the bore of different composition than 
the cylinder. The advantages are particularly 
great wherein the cylinder is formed of alumi 
num, its alloys or other light-weight relatively 
soft metals. In some instances the inserts may 
be composed of carbon graphite, but ordinarily I 
prefer to employ inserts of harder metal than the 

65 

The entire piston assembly need not be non 
metallic, as illustrated in the embodiment of 
Figs, 3 to 5. Therein the piston body 40 may be 
made of cast iron, aluminum, or other metallic 
materials. Sealing rings 42, here two in number, 
are again non-metallic, and preferably of the 
same composition as rings 32 in the embodiment 
of Fig, 1. An additional ring 45, here the top 
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metal of the cylinder. Because of the difference 
in coefficients of expansion of different materials, 
it is important that the inserts be of such form 
as to minimize the difference in expansion as 
between the inserts and cylinder, and yet in 
crease the wear-resistant properties of the cylin 
der bore throughout its circumference, and 
throughout at least the longitudinal portions of 
the bore most Subject to wear. It is important in 
this Connection that under high temperature con 
ditions such as prevailin internal combustion en   
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gines that the inserts shall not become loose from 
the cylinder wall, or present other than a con 
tinuous smooth surface with adjoining portions of 
the cylinder surface. Further, particularly in the 
case of cylinders of thermally efficient softer met 
all such as aluminum, the inserts must be of suff 
ciently limited total area as not to reduce the 
exposed surface area of the cylinder to a point 
where benefits in thermo conductivity resulting 
from the use of such thermally efficient metals 
in the cylinder bore are largely lost. That is to 
say, the use of inserts of substantial length in 
their greatest dimensions, for example, a perfo 
rate or imperforate tubular sleeve or other in 
sert extending uninterruptedly for the length of 
the cylinder, or a substantial portion thereof, is 
undesirable. For thermal efficiency the inserts 
should be separated by continuous and frequent 
circumferential land portions of the cylinder, and 
desirably both the inserts and intervening land 
portions should be continuous and unbroken cir 
cumferentially to provide. uniform contact cir 
cumferentially with the operating surfaces of the 
piston assembly. That is to say, recurrent small 
inserts separated circumferentially by intervening 
cylinder land portions are not desirable as likely 
to cause non-uniform wear at different circum 
ferential areas of the piston assembly, and as 
likely to fail to give proper Wear-resistance to the 
cylinderbore. 
With the above qualifications in mind the pres 

ent invention contemplates the use of Wear-re 
sisting inserts in cylinders in the form of axially 
and uniformly spaced relatively narrow rings in 
the cylinder, and separated by intervening land 
portions of the cylinder of the same order of width 
as the insert rings. In order to minimize wear, 

- and to insure contact of one circumferential por 
tion of the piston assembly with insert surface 
portions while another circumferential portion of 
the piston assembly is in contact with the cylinder 
surface, the cylinder insert rings are inclined rel 
lative to the cylinder axis and to the piston rings. 
Through proper selection of the angle of inclina 
tion of the insert rings in relation to the cylinder 
diameter and the width of the piston rings it is 
possible to secure a constant ratio of contact of 
the piston assembly with the cylinder insert and 
cylinder land surfaces as the piston reciprocates 
in the cylinder. 
The cylinder construction embodying inserts as 

just generally described and preferred forms of 
piston assemblies adapted to increase the wearing 
qualities obtainable with the inserts alone will be 
understood from FigS. 11 to 17. 
In Figs. 16 and 17 I have shown a cylinder emi 

bodying a series of wear-resisting insert rings 8 
arranged in uniform spaced relation lengthwise of 
the cylinder bore. The cylinder shown is an air 
cooled cylinder, but the invention is equally well 
adapted for liquid cooled cylinders. Ring in 
serts 8 are firmly anchored in the cylinder bore 
by casting the cylinder around them. 
The cylinder may be composed of cast iron, but 

the invention is of greatest importance when the 
cylinder is composed of Softer, less wear-resisting 
metals, usually of lighter weight, such as alumi 
num and aluminum alloys. The inserts will pref 
erably be of a harder metal than the cylinder. In 
the case of aluminum cylinders I prefer to employ 
insert rings of cast iron, whereas in a cast iron 
cylinder I may employ inserts of chromium steel. 
in some cases a hard non-metallic insert of a 
lubricant absorbing or lubricating composition, 
such as carbon graphite, may be employed, al 
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8 
though rings of such composition are better 
Suited to engines other than internal combustion 
engines, since in the latter engines the expansion 
of the cylinder under high operating tempera 
tures may cause cracking of the inserts. 
As best shown in Fig. 19 the inserts 8 are in 

the form of complete rings or annuli so as to 
provide uniform protection throughout the en 
tire circumference of the cylinder bore. The 
rings may be entirely separate from each other, 
but for convenience they may be formed as an 
integral assembly of rings to facilitate the cylin 
der Casting Operation and insure uniform spacing 
between the inserts. As shown in Fig. 19 small 
spacing and connecting elements 8 are provided 
between adjacent insert rings. One such element 
only is preferably used between two rings, and 
alternate elements are circumferentially spaced 
from each other, so that the assembly can ac 
commodate itself to longitudinal expansion of the 
cylinder without loosening or breaking the rings. 
While desirably insert rings 8 should have a 
coefficient of expansion as close to that of the 
cylinder metal as possible, it is found that in view 
of the relatively small dimensions of the inserts, 
and their arrangement, that difference in the 
coefficients of expansion, for example, between 
cast iron and aluminum, does not cause difficulty. 

After the cylinder is cast the bore is machined 
and finished in the usual manner to provide a 
continuous smooth working surface made up of 
surfaces of the insert rings and intervening land 
portions 7 of the cylinder. The width of the 
inserts and cylinder land surfaces is preferably 
equal in Order to obtain the full benefits in in 
Creased wear from employment of the rings, and 
provide sufficient surface area of the cylinder 
metal at the working surface without unduly cut 
ting down the therro conductivity and other 
benefits arising from the presence of the cylinder 
metal at the working bore surface of the cylinder. 
The width of insert rings 8 and cylinder land 
portion, 7' is relatively narrow, and of the same 
order of dimension as the width of piston rings 
being employed in the cylinder. The main aim 
is to insure against the piston rings traversing 
a substantial area of the surface bore in contact 
only with cylinder land portions. I prefer to 
make the width of the insert rings and cylinder 
land portions either the same as, or slightly less, 
than the width of the piston rings, but in some 
cases, particularly where it is desired to employ 
extremely narrow insert rings, the inserts and 
land portions may be wider. 

It is an important feature of the invention 
that the insert rings 8 be inclined to the axis of 
the cylinder bore so that the piston rings, regard 
less of their Width, shall at all times have bearing 
contact with one or more of the cylinder inserts 
and never make bearing contact solely with cylin 
der land portions. The angle of inclination will 
vary with cylinders of different bore diameter, 
and will depend on the width of the inserts and 
cylinder land portions in relation to the width 
of piston ring employed, Wilere the benefits of 
the insert construction are to be realized as fully 
as possible. It is preferred that the angle should 
not exceed the minimum necessary to obtain the 
desired ratio of simultaneous contact of the pis 
ton rings and other portions of the piston as 
Sembly with the respective surfaces of the cylin 
der inserts and cylinder land portions. It will 
be apparent that the greater the angle of in 
clination of insert rings 8 the greater will be their 
diameter in relation to the diameter of the cylin 
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9 
der, and the total length of the inserts circum 
ferentially should be as Small as consistent with 
the objects to be obtained in order to insure 
against injury to or loosening of the inserts under 
circumferential and longitudinal expansion of the 
cylinder with temperature conditions. Depend 
ing on the variables above referred to, the cylin 
der insert inclination will ordinarily be less than 
15 for cylinder diameters not less than two 
inches, and ordinarily will range between about 
5 and 11. In any event the angle may be de 
termined from the formula 

sy W . 
A. tan 0-ri 

where D represents the cylinder diameter, where 
W represents the width (axially) of the insert 
ring and/or the width of the cylinder land por 
tions between rings, and a represents the frac 
tion or multiple of W. The edges of the low side 
of the insert are to be below the diametrically 
opposed edge portions at the high side of thein 
sert. If the width of the insert and the width 
of the land portion are equal to each other, and 
equal to the width of the piston ring, or equal 
to twice the width of the piston ring, the value of 
at will be 2, whereas if the width of the insert and 
cylinder land are equal to each other, but double 
the width of the piston ring a can be as low as 2. 
The effect of varying the value of acW will become apparent later. 

In the embodiment of Fig. 12 is shown a cylin 
der 77 such as has been described having insert 
rings 78 spaced by intervening land portions TT 
of the cylinder, the widths being the same. 
Working in such cylinder is a piston 70 having 
sealing rings 72, and more clearly illustrated in 
Fig. 11. Assuming that cylinder 77 is formed of 
a soft metal such as aluminum the cylinderinserts 

may be composed of carbon graphite, but pref 
erably will be cast iron. Piston body 70 is non 
metallic and composed of carbon graphite, and 
sealing rings 2 are preferably non-metallic also, 
and preferably of the composition previously de 
scribed. The cylinder has a bore diameter of 
2% inches, and the low side of the insert rings 
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that they may be wider or narrower. If the pis 
ton rings are only one-half the width of the in 
serts it is preferable to use a steeper angle of 
inclination for the inserts as in Fig. 14. Again, 
if narrow insert rings are employed the angle 
of inclination may be the same, but can be re 
duced to the angle of inclination in the embodi 
ment of Fig. 12. 
The significance of the angle of inclination of 

the inserts will be understood by reference to Fig. 
19. The number of insert rings to be employed is 
subject to variation. In Fig. 15 the rings are 
shown as extending uniformly throughout sub 
stantially the entire length of the cylinder. How 
ever, the inserts may be confined to the portion 
of the cylinder Subjected to greatest wear under 
reciprocation of the piston, that is, the area trav 
ersed when the connecting rod and crank shaft 
of the engine are at their greatest angles to the 
axis of the cylinder, which will roughly be be 
tween 60 and 120° on the power stroke and be 
tween 240° and 300° on the return stroke. As 
further shown in Fig.15 the inclination of the 
cylinder inserts is in a direction at right angies 
to the engine Crank shaft. Since the side thrust 
of the piston is to the left on the power stroke, 
and to the right on return stroke according to the 
showing in Fig. 15, the inclination is towards the 
direction of movement of the piston. The high 
side of the insert rings is on the left, and the low 
side on the right on the downward power stroke 
of the piston. On the downward or power stroke 
the piston rings will first contact the left side 

40 

of the insert rings, whereas on the upward or re 
turn stroke the piston rings will first contact the 
right side of the insert ringS. 
The significance of the angle of inclination of 

the inserts previously referred to will be under 
stood from Fig. 19. At the top of the four Col 
lumns are illustrated diagrammatically a single 
piston sealing ring PR in broken lines in relation 
to three cylinder insert rings, CR-1, CR-2 and 

45 

is intended to be half the width of the insert 
below the high side of the insert. In the above 
formula for the angle of inclination aequals 4. 
With a cylinder formed with inserts a metallic 

piston may be employed as illustrated in Figs;13 
and 14. Therein the cylinder body 87 is formed 
with insert rings 88 separated by cylinder land 
sportions 87. Piston 80 is a metallic piston, for 
example, aluminum, provided with sealing rings 
82. In some cases rings 82 may also be resilient 
metallic rings, but better wearing qualities re obtained by employing non-metallic 
rings such as before described. An additional". 
non-metallic ring 85 is provided of the piston, 
preferably comprising carbon graphite and adapt 
ed to form a protective film on the cylinder bore. 
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CR-3. The two spaces CT, between the insert 
Ings represent intervening land portions of the 
cylinder. The inserts are shown at four different 
angles of inclination in the respective columns. 
In column the low side of the inserts are One 
half their width below their high sides, and in 
columns II, III and IV, respectively, the low sides 
of the inserts are 1, 1% and 2, times their width 
below the high side. The five views in each col 
unn diagrammatically represent the amount of 
contact made by the piston ring PR with one or 
more of the insert rings and one or more of the 
cylinder land portions under movement of the 
piston in the cylinder. - 
designated a, b, c, d and e, and the position of the 
piston ring relative to the insert rings and land 
portions is shown by the key to the left of col 
umni in the columns the individual views are 
hatched to represent portions of one-half thering 
as viewed from the side which contact cylinder As shown such insert is a rigid insert located in : 

the skirt of the piston, as in the embodiment of 
Fig. 6, but it will be understood such insert may 
be located elsewhere on the piston body and/or 
be of expansible type as, for example, in the pis 
ton assemblies of Figs. 3 and 8. The angle of 
inclination of insert rings 88 is greater than that 
in Fig. 12. The low side of the inserts are twice 
the width of the inserts below the diametrically 
high side of the inserts. In the formula above 
given at equals 2. As in Fig. 12. the piston rings 
2 are of the same width as the inserts 88 and 

cylinder land portions 87, but it is understood 
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insert surface and are unhatched in the piston 
ring surface portion which contacts cylinder 
landsurface. 
With the insert angle as in column I the amount 

t of the piston ring made simultaneously 
... with the insert and land surface varies consider 

70 tably as the piston ring moves axially. In posi 
tions a and b, also in e which corresponds to a, the piston ring has three-quarters of its working 

s 

surface in contact with insert surface, and only 
one-quarter in contact with cylinder land sur 
face, whereas in positions c and d only one-quare 
ter of the piston ring surface is in contact with 

The five positions are: 
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insert surface while three-quarters is in contact 
with land surface. When the angle of inclination 
is increased so that the low side of the inserts 
are the full width of the insert below the high side 
as in column II, the piston ring makes the same 
amount of contact with insert surface and cylin 
der land surface in positions a, c and e, but makes 
three-quarters contact with the insert in position 
b, and three-quarters contact with cylinder land 
surface in position d. In column III where the 
angle is further increased so that the low sides 
of the inserts are one and one-half times their 
width below their high sides the fluctuations in 
contact are less, but the piston ring still has a 
greater amount of contact with the insert surface 
in some positions and with the cylinder land 
surface in other positions. In positions a, d and 
e more than one-half the contact of the piston 
ring surface is with cylinder land surface, while 
in positions b and c more than one-half the con 
tact of the piston ring is with insert surface. In 
column IV, where the angle is increased so that 
the low side of the insert rings are twice the insert 
width below their high sides, a constant 1:1 ratio 
of contact of the piston ring with the insert and 
cylinder and surfaces is obtained in all positions. 
That is to say, one-half of the working surface 
of the piston ring contacts insert surface, and 
the remaining half contacts cylinder land Sur 
face. Such an operative condition is now con 
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sidered as ideal for best results, but within the 
scope of the invention the angle may be made 
Smaller or greater. As will be understood from 
columns I, II and III the ratio of contact changes 
when the angle is decreased. When the angle is 
increased still further from that shown in column 
IV a constant ratio of contact is still obtained, 
but as previously pointed out it is desirable to 
maintain the angle at a minimum so that the cir 
cumferential length of the rings is as short as pos 
sible for a cylinder of any given diameter. 

In Fig. 19 in all instances the insert rings and 
cylinder land Surfaces have been taken as the 
same width as the piston rings. Such condition 
is not necessary. For example, the piston ring 
may be one-half the width of the inserts. With 
the same angle of inclination of the inserts as 
in column IV of Fig. 19 the piston ring always 
will have one-half of its surface in contact with 
insert surface and one-half in contact cylinder 
land surface. This is represented in Fig. 21. 
Again, the inserts and cylinderland portions may 
be narrower than the width of the piston rings. 
Where this is true a lesser angle of inclination 
may be employed for the inserts. 
sents a situation where the cylinder inserts and 
land portions are one-half the width of the piston 
rings. A 1:1 ratio of contact of the piston ring 
with insert surface and with land surface is al 
Ways obtained where the low side of the inserts 
are one insert width (or one-half piston ring 
width) below the high insert sides. 

Fig. 21 repre- . ; 
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It will be of course understood that the angle 
of inclination of the inserts under any individual 
set of conditions such as illustrated in Figs. 19, 
20 and 21 will vary with the cylinder size as 
indicated by the formula previously referred to. 
The greater the cylinder diameter the less angle 
of inclination is required, as illustrated by Fig. 22 
wherein the angles A, B, C and D respectively 
represent the angles of 2, 2%, 234 and 3 inch 
diameters. 

Referring again to Fig. 19 the values of angles 
A to D under the conditions shown in column 
I will range from about 2.68 for angle A down 75 
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to about 1.78 for angle D, assuming that the 
cylinder inserts and cylinder land portions have 
a width of is inch. The corresponding angle 
values for column II would range from about 
5.36 down to 3.58, and for columns III and 
IV respectively the values would range from 
about 8.05 to 5.36, and from about 10.72° to 
about 6.12. It will be understood that these 
are merely suggested values, and the angles for 
any cylinder size may be varied, and to obtain 
the conditions illustrated in Figs. 19 to 21 will 
have to be varied depending on the width of the 
cylinder inserts and land portions. Because the 
circumference of the inserts progressively in 
creases with the angle of inclination differences 
in the coefficients of expansion of the inserts and 
cylinder may result in a tendency of the inserts 
to loosen or otherwise change their relationship 
with the cylinder wall if the angle of inclination is 
increased unduly. It is therefore considered de 
sirable that the angle of inclination be no 
greater than necessary to accomplish the ob 
jects above pointed out, thereby keeping the dif 
ference in circumference between the cylinder 
and the inserts. It now appears to me that the 
angle of inclination should not exceed 15 degrees. 

It will be understood from the various illus 
trative, but not limiting, embodiments of the in 
vention which have been described that the in 
vention provides increased wearing life for engine 
cylinders in general and internal combustion 
engine cylinders in particular, regardless of the 
composition of the cylinder bore although being 
most important for cylinders of any appropriate 
light weight and/or thermally efficient metals 
whose wear-resistance is objectionably low. The 
various individual features of the invention while 
best serving in combination to cooperatively at- . 
tain the objects of the invention are also aS 
serted one without another, since each is bene 
ficial in itself in engine constructions increasing 
engine life. 

I claim: 
1. A piston assembly including a piston body 

having a cylindrical working surface formed with 
a plurality of circumferential grooves, molded 
hard fibrous split sealing rings seating in said 
grooves, and said piston having at least a cir 
cumferential lubricating surface portion of carbon 
graphite. 

2. A piston assembly including a piston body 
having a cylindrical working Surface of hard 
non-metallic composition, circumferential grooves 
in the piston, and expansible Split sealing rings, 
of hard non-metallic composition Supported in 
said grooves. 

3. A piston assembly including a metallic piston. 
body having a cylindrical working surface and 
being formed with a plurality of circumferential 
grooves, an expansible. lubricant-requiring split 
sealing ring of hard non-metallic composition 
seating in one of said grooves, and said piston 
having a circumferential surface portion in the 
form of an annular lubricating element of hard 
carbon graphite seating in another of Said 
grOOWes. 

4. A piston assembly including a metallic piston 
body having a cylindrical working surface and 
having formed with a plurality of circumferential 
grooves, an expansible lubricant-requiring sealing 
ring of hard non-metallic composition in One of 
Said grooves, and said piston having a circum 
ferential Surface portion in the form of a hard 
expansible lubricating ring in another of said 
grOOWes. ". 
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5. A piston including a hollow piston body, a 
circumferential groove in the outer surface of 
said body, an annular body of hard lubricant 
absorbing composition located in said groove, said 
groove having inward extensions communicating 
with the hollow interior of the piston body so 
that lubricant within the piston interior may 
be absorbed by said annular body. 

6. An internal combustion engine piston as 
sembly comprising a piston body having circum 
ferential grooves, heat-resistant expansible seal 
ing rings of lubricant-requiring non-metallic 
composition seating in at least some of Said 
grooves, and at least an annular Zone of the 
piston comprising heat-resistant lubricating ma 
terial adapted to apply lubricant to the wall of 
an engine cylinder. 

7. An engine cylinder of relatively soft metal 
and insert means for increasing the wearing lift 
of the cylinder comprising a series of relatively 
narrow insert rings of wear-resisting composi 
tion surrounding the cylinder bore and being 
separated by relatively narrow intervening an 
nular land portions of the cylinder metal. 

8. An engine cylinder having a bore and a 
series of relatively narrow insert rings Of Wear 
resistant composition surrounding said bore and 
uniformly separated from each other by relatively 
narrow annular land portions of the cylinder, Said 
inserts being inclined to a transverse plane of the 
cylinder at an angle measured by not less than 
one half the axial width of one of said land por 
tions. is 

9. An engine cylinder having a bore and a 
series of relatively narrow insert rings of wear 
resistant composition Surrounding said bore and 
uniformly separated from each other by relatively 
narrow annular land portions of the cylinder, Said 
inserts being inclined to a transverse plane of 
the cylinder at an angle measured by at least 
twice the axial width of one of said land portions. 

10. An engine cylinder according to claim 8 
wherein the inserts and intervening land portions 
surrounding the cylinder bore are of the Sane 
axial width. 

11. An engine cylinder comprising a metallic 
cylinder body having a bore, and a series of axially 
spaced insert rings of harder metal than the cyl 
inder body surrounding the bore and separated by 
annular land portions of the cylinder metal. 

12. A cylinder according to claim 11 wherein 
the insert rings and cylinder land portions are 
relatively narrow and are inclined at a relatively 
small angle to a diameter of the bore. 

13. An engine comprising a cylinder body and 
a piston assembly working in the cylinder bore 
comprising a piston body formed with sealing 
ring grooves and having at least an annular por 
tion of its cylinder contacting'surface composed 
of material adapted to apply lubricant to the cyl 
inder bore, and hard lubricant-requiring non 
metallic expansible sealing rings Seating in the 
grooves of the piston body. 

14. An engine comprising a cylinder body hav 
ing a bore defined by a metallic interior wall and 
a piston assembly working in the cylinder bore 
comprising a piston body having a cylindrical 
working surface of non-metallic composition, cir 
cumferential grooves in the piston body, and hard 
non-metallic expansible split Sealing rings seating 
in said grooves. 

15. An engine Comprising a cylinder body of 
relatively soft metal, a piston assembly working 
in the cylinderbore comprising a piston body hav 
ing at least an annular non-metallic surface por 
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tion composed of material adapted to lubricate 
the cylinder bore, circumferential grooves in the 
piston, and non-metallic sealing rings seating in 
said grooves. 

16. An engine comprising a cylinder body of 
relatively soft metal, a piston body having a non 
metallic cylindrical surface and working in the 
cylinder bore, grooves in the piston body and hard 
non-metallic expansible sealing rings seating in 
said grooves. 

17. A reciprocating engine comprising a cylin 
der body and a piston assembly working in the 
cylinder bore, said cylinder incorporating a series 
of axially spaced narrow wear-resistant insert 
rings surrounding the bore and separated by nar 
row annular land portions of the cylinder body, 
and the piston assembly including a piston body 
having circumferential grooves, and hard non 
metallic sealing rings seating in said grooves. 

18. An engine according to claim 17 wherein 
the cylinder insert rings are inclined to the seal 
ing rings on the piston. 

19. An engine according to claim 17 wherein the 
cylinder insert rings and annular cylinder land 
portions are of the same order of axial width as 
the piston sealing rings, and the inserts are SO 
inclined to the piston rings that the piston rings 
simultaneously contact insert and cylinder land 
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surface portions through traverse of the rings of 
the area of the cylinder containing the insert rings. 

20. An engine according to claim 17 wherein 
the cylinder insert rings and annular cylinder 
land portions are inclined to the piston Sealing 
rings, the width of the insert rings and land por 
tions, and their angle of inclination, being such 
in relation to the piston sealing rings that during 
traverse of the piston the piston sealing rings will 
continuously make substantially equal contact 
with insert ring and cylinder land S11rfaces. 

21. An engine cylinder having an interior wall 
defining a bore and a plurality of insert rings of 
wear-resistant composition embedded in said in 
terior wall and surrounding the bore, said insert 
rings being axially spaced from One another by 
intervening annular land portions of said interior 
wall of the cylinder. 

22. An engine cylinder having an interior wall 
defining a bore and a plurality of insert rings of 
wear-resistant composition embedded in said in 
terior wall and Surrounding the bore, said insert 
rings being uniformly inclined to the axis of the 
bore and being axially spaced from one another by 
intervening annular land portions of said interior 
wall of the cylinder. 

23. An engine cylinder according to claim 22 
wherein the insert rings are inclined at an angle 
of less than 15 degrees to a diameter of the bore. 

24. An engine cylinder having an interior Wall 
defining a bore and a plurality of insert rings of 
Wear-resistant composition embedded in said in 
terior wall and surrounding the bore, said insert 
rings being of Carbon graphite, and being axially 
spaced from one another by intervening annular 
land portions of said interior wall of the cylinder. 
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