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This invention pertains to metallic packing 
rings of the type employed in the pistons of in 
ternal combustion engines. Such rings have 
commonly been made of cast iron, since this has 

5 seemed to be the best available material having 
the requisite capability of withstanding operating 
temperatures, the necessary elasticity to provide 
a gas-tight contact with the cylinder walls, and . 
ability to maintain a good bearing surface against 

10 the cylinder wall without scoring or abraiding 
the latter when run at high Speeds. 
While cast iron possesses these characteristics, 

it also has others which are not so desirable, 
among which may be mentioned its extreme brit 

15tleness, especially noticeable when of small cross 
section, and its lack of homogeneity, which re 
sult ir a substantial breakage loss of piston 
rings at all stages of manufacture, transporta 
tion, and use; the impossibility of working cast 

20 iron except by the relatively expensive processes 
of cutting and grinding; and the relatively low 
elasticity of cast iron as compared with that of 
other materials, for example steel. 
These defects in cast iron as a material for 

25 use in making piston rings have led to attempts 
to adopt other materials for the purpose, but so 
far as I am aware no success has attended these 
efforts. Among the materials which it has been 
attempted to employ may be mentioned low car 

30 bon steel, but while this material appears from 
many standpoints to be eminently well Suited 
for the purpose by reason of its elasticity, ease of 
working, uniformity, and ability to withstand high 
temperatures, it possesses one vital defect which 

35 has absolutely precluded its commercial use for 
this purpose, this defect being its inability to 
form a good wearing surface with the cylinder 
wall, resulting in rapid scoring and destruction 
of the cylinder. 

40 Through the course of a long series of experi 
ments I have found that a piston ring made of 
high carbon steel, that is to say steel of Over 
0.5 per cent carbon, may be run for a far longer 
time, even under the exacting conditions of a 

45 continuous uninterrupted run, than does the or 
dinary cast iron, ring, Outlasting the latter many 
times, acquiring a high polish, and causing no ap 
preciable wear or scoring of the cylinder, wall, 
and I have also devised a practical process which 

50 results in the production of perfect rings from 
ductile material such, for example, as high car 
bon steel, including so-called "alloy steels,” such 
rings having all of the desired physical charac 
teristics requisite in a piston ring and being 

55 capable of production at a cost which is Sub-. 
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stantially less than that involved in making Or 
dinary cast iron rings. 
In the accompanying drawings I have illus 

trated my novel ring and have indicated cer 
tain desirable process steps which may be en 
ployed in the production of such ring. 

Referring to the drawings, 
Fig. 1 is a plan view of a coil of wire, illus 

trating one form in which the material for use 
in making. the improved packing may be pro 
vided; 

Fig. 2 is a section to large scale showing a pre 
ferred shape of wire for use in making my in 
proved packing; 

Fig. 3 illustrates in enlarged section various 70 
forms of wire which may be employed if desired; 

Fig. 4 is a plan view of a ring formed by bend 
ing a piece of wire or rod, and showing substan 
tially the desired contour of ring for producing 
equal expansive pressure upon the Walls of an 
engine cylinder; 

Fig. 5 is a view of the same ring with its gap 
closed, and indicating its circular contour when 
in use; 

Fig. 6 is a fragmentary perspective view of 80 
the ring showing the latter in transverse section 
and to larger scale and illustrating in an ex 
aggerated Way the bulge of the radial faces of 
the ring which may be produced in bending it; 

Fig. 7 is a plan view and Fig. 8 is an edge ele 
Vation of a preferred form of Outer template 
member useful in practising my process; 

Fig. 9 is a plan view and Fig. 10 an edge ele 
vation of an inner template or core member use 
full in conjunction with the Outer member shown 
in Fig. 7; 

Fig. 11 is a perspective view 
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90 

to larger scale 
showing a positioning or locking key for retain 
ing the template members in proper angular re 
lationship; 95 

Fig. 12 is a plan view showing the template . 
members assembled and with the ring disposed 
between them; . - . 

Fig. 13 is a fragmentary vertical section show 
ing upper and lower preSS platens and the assema 
bled template with its ring interposed between 
them in position for the pressing operation; 

Fig. 14 is an edge elevation of the assembled 
template with the ring substantially as it appears 
after the pressing operation; 

Fig. 15 is a similaf view showing the inner 
template or core member removed preliminary 
to removal of the completed packing; 

Fig. 6 is a transverse Section to larger Scale 
of the completed packing; 
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2 
Fig. 17 is a perspective view of the completed 

packing; 
Fig. 18 illustrates alternative forms of gap in 

the ring; and 
Fig. 19 is a section similar to Fig. 16 showing 

a preferred ring construction obtainable by the 
herein described process. 

Referring to the drawings, the numeral 1 (Fig. 
1) indicates a coil of wire suitable for use in 
making piston rings. While I prefer to provide 
the material in the form of a coil since it is 
easier to transport it and to use it in this form, 
I contemplate that it may be provided in the 
form of rods or bars, if preferred. 

In Fig. 2, I have illustrated a preferred shape 
of Wire for use in making packing rings of sub 
stantially rectangular cross-section. This pre 
ferred shape, which may be likened to the shape 
of a key-stone, has one face 3 substantially, wider 
than the opposite face 4. When wire of this sec 
tion is bent with the narrow face 4 at the inside 
of the bend, the flow of the metal under the stress 
of bending tends to but does not completely re 
Store the wire to substantially rectangular form, 
as indicated in dotted lines at 5. 
While the wire shown in Fig. 2 is preferable 

in making rings of ordinary type, I contemplate 
that wires or rods of other section may be used. 
Thus in Fig. 3 the numeral 6 indicates a wire 
or rod of substantially square section; the nu 
meral 7 a. Wire or rod of elongate rectangular 
form; the numeral 8 a. Wire or rod having a bev 
elled face; the numeral 9 a wire or rod of gen 
erally rectangular form but having a groove in 
One of its faces; the numeral 10 a wire or rod 
having a convex face; and the numeral 10 a. 
round Wire or rod. 
Whatever the shape of these wires or rods, I 

make them of some ductile metal which is ca 
pable of making a good bearing surface in con 
tact with the cylinder wall without danger of 
scoring or otherwise injuring the latter. While 
I contemplate that other materials may be 
found useful for the purpose, I apprehend that 
various ferrous alloys, that is to say simple alloys 
of iron and carbon as well as alloys of iron, car 
bon, and other elements, Will be found particu 
larly suitable for the purpose, and I prefer to 
employ steel of from 0.6 to 0.7 percent carbon 
content which I have found to be eminently Suit 
able, although I contemplate that steel of much 
higher carbon content may be used for the pur 
pose, and as Within the Scope of my invention. 
This material may be procured in the form of 

wire or rods of the desired Section, being manu 
factured in accordance with any of the usual 
methods and may, after bending, be heat treated 
or tempered if desired. Whether or not thus first 
heat treated or tempered it is bent to the proper 
shape hereinafter described by means of any suit 
able apparatus or appliance. If initially Soft or 
annealed the requisite temper may be imparted 
by the cold working of the metal incident to bend 
ing, or if necessary by heat treatment after bend 
ing. Whatever method may be preferred, I bend 
the material to form a single annular turn or 
ring 11 with a gap 12 at one point, Such ring 
preferably being of substantially the contour 
shown in Fig. 4, and I cut off from the wire or 
rod the necessary length to make such turn or 
ring either before, during, or after bending-the 
cutting operation being so performed as to pro 
duce approximately the desired shape of ring 
end. For example, the material may be Severed 
obliquely, as indicated in Figs. 4, 5 and 17, to 
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provide the ring with bevelled, overlapping ends, 
Or may be cut to form overlapping tongues and 
recesses, as shown at a Fig. 18, or it may be cut 
radially to provide plane ends, as shown at b 
Fig. 18. The ring is preferably so bent as to give 
it the more or less flattened or elliptical shape 
as shown in Fig. 4. When such a ring is uncon 
fined it has a substantial gap 12 as shown, but 
when the ring is radially compressed this gap is 
Substantially closed and the ring takes the cir 
cular form indicated at 11 in Fig. 5 and acts 
with substantially equal resilient pressure in all 
radial directions. 
After bending, the Section of the ring will be 

more or less as indicated in Fig. 6 wherein the 

80 

85 

Outer Surface i2 and the inner Surface 3 of the . 
ring are Substantially straight transversely, while 
the radial faces 14 and 15 are more or less ir 
regular or bulged. In Fig. 6 this irregularity or 
bulging has been greatly exaggerated for purposes 
of illustration, although in the actual ring this ir 
regularity or bulging is often quite appreciable SO 
that it is usually desirable to finish these surfaces 
in Order to provide close contact with the opposite 
Walls of the piston groove. 

In Figs. 7 and 8, I have illustrated an outer 
template member consisting of a flat plate of 
metal, preferably hardened steel or steel alloy, of 
a thickness preferably slightly less than that of 
the finished packing. This plate may be of any 
desired shape, although I prefer to employ a cir 
cular plate for ease in handling. This plate is 
provided with a central opening 17 whose inner 
edge surface 18 is finished to the contour of the 
Outer peripheral surface of the desired packing 
ring. I also provide a Secondary template or core 
member 19, of approximately the same thickness 
as the member 16, having an outer edge surface 
20 finished to fit within and conform to the in 
terior of the desired finished packing ring. The 
member 19 is of such size that when placed within 
the opening 17 of the member 16 a groove or chan 
nel is provided between the opposed edges of the 
template members having the Cross section of 
the desired packing. 
In order that the member 19 may readily be 

95 

100 

105 

110 

115 

0. 

assembled with the member 16 in proper angular . 
relation thereto, I prefer to provide one of the 
template members, for example the member 16 
with a slot 21 and the other member, for example 
the member 19, with a complemental slot 22 and 
to provide a removable key or pin 23 whose op 
posite ends may be seated in the slots 21 and 22 
respectively. Alternatively the key may be per 
manently attached to one of the template mem 
bers. 
While I may employ this or other positive means 

for temporarily retaining the template members 
in proper angular relationship I may, if desired, 
dispense with such means and merely provide 
positioning marks upon the Surface of the tem 
plate members to enable the user to place them 
in the proper angular relationship. 

Having provided a template of this character, I 
place the ring 11 within the template member 16 
with the gap 12 in the ring positioned so that 
its opposite ends 24 and 25 are disposed upon op 
posite sides of the slot 21 and insert the key 23, 
if this key be an independent member, Inow place 
the inner or core member 19 within the ring posi 
tioning it so that the end of the key 23 enters the 
slot 22. With the parts thus arranged the radial 
faces 14 and 15 of the ring 11 project slightly be 
yond the surfaces of the template members. Inow 
preferably place the template with its enclosed 
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ring between the platens 26 and 27 (Fig. 13) of a 
powerful press and bring the movable platen 
forcibly against the ring. Any other suitable type 
of press or impact means such as a hammer may 

5 be employed for the purpose if desired. I thus 

10 

5 

20 

cause the metal of the ring to flow into contact 
with the opposed faces of the template members 
and at the same time flatten the radial faces of 
the ring and reduce the ring to the axial thickness 
desired. w 
During this pressing or hammering operation 

the metal flows to some extent in a circumferen 
tial direction, that is to say, the ring 11 is thereby 
somewhat elongated, and when the radial faces 
of the ring are to be flattened in this Way, I allow 
this elongation by forming the ring 11 initially 
with a somewhat wider gap than that desired in 
the finished packing. 
After the pressing operation has been com 

pleted the template is removed from the press 
and at this time presents substantially the ap 
pearance shown in Fig. 14 wherein the ring has 
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been reduced to its desired finished thickness. 
Since the pressure forces the ring very firmly 
against the opposed faces of the template men 
bers it is first necessary to remove the core mem 
ber before the ring can be disengaged. The core 
member 19 is therefore pushed or driven out in 
an axial direction as indicated in Fig. 15, prefer 
ably by tapping it with a mallet or by pressure. 
When the core has been removed the finished 
packing may be sprung away from the Walls of 
the template and removed from the latter. 
The finished packing indicated at 11 in Fig. 17 

will now be found to have its radial faces 15 
and 15b in substantial parallelism, Such faces 
being smooth and adapted to make proper con 
tact with the opposite side walls of the piston 
groove. 8 

Ordinarily if the template members as above 
suggested be made somewhat less in thickness 
than the axial width of the initially formed ring, 
the finished ring when removed from the template 
after the pressing operation, will be found to 
have substantially the cross Section shown in 
Fig. 19. In this figure the ring is indicated by 
the letter 11d and the outer circumferential Sur 
face of the ring is designated by the numeral 101. 
When the template is of the dimension just sug 
gested it is found that the finished ring has cir 
cumferential ridges or ribs 102 and 103 respec 
tively at its outer corners. These ridges or ribs 
are very small, being greatly exaggerated in the 
drawings, that is to say of the Order of 0.0005 
inches in radial thickness and of substantially 
the same or slightly greater axial dimensions. 
While these ridges or ribs may, if desired, be 
removed by grinding or other suitable finishing 
operation I find that it is very advantageous to 
leave such ridges or ribs upon the finished ring, 
since they provide quick Seating Surfaces for en 
gagement to the cylinder wall. Since the ridges 
or ribs are of such small dimensions they wear 
with relative rapidity and thus conform them 
selves to the cylinder wall much more quickly 
than would be the case if the Outer peripheral 
surface of the ring Were of plain cylindrical form. 
Since the pressing operation may be per 

formed in an extremely short interval of time 
this step in the process of making the rings may 
be accomplished with rapidity. In the commercial 
production of rings in accordance with this 
process I contemplate that a large number of the 
templates will be provided and that one operator 
will insert the rings within the template, another 

3 
will perform the pressing operation, and a third 
will remove the rings from the template. PoSSibly 
the pressing operation and removing Operation 
may be carried out so quickly that Several Oper 
ators may be required to insert the rings. Withi 
the templates to keep up with the production of 
the press, and I contemplate the provision of 
automatic feeding and removing means as Within 
the range of possibilities. 

Instead of finishing the radial faces as above 
described they may alternatively be finished by 
grinding or other known process, but I believe 
that superior resultS are obtained and at leSS 
cost by the first described process. 
While I have herein shown the template mem 

bers as having their inner edge faces perpen 
dicular to their upper and lower faces, I con 
template that these inner faces may be given 
any desired shape or contour so that the inher 
and Outer peripheries of the finished packing may 
be given the desired shape through the pressing 
Operation. This even if starting With a wire or 
rod of substantially the section shown best in 
Fig. 3, Such Wire Or rod, by the provision of 
template members of proper surface contour, 
Could be reduced to the shapes shown for example 
at 8, 9 Or 10 in Fig. 3, and it is obvious that an 
almost limitless variety of ring sections may thus 
be produced, 
I further contemplate the flattening of the 

radial faces of the ring by pressure without the 
use of the templates, but find that when enclosed 
in such templates less power is required to perform 
the desired operation, and for this reason, among 
others, prefer the processes as above described. 
Summarizing the above and stating the several 

operations purely in terms of a method and with 
out reference to specific mechanism for carrying 
it into effect, my new process comprises a series 
of steps, some of which steps I apprehended may 
be. Omitted or replaced by others as conditions 
Vary, among which may be mentioned the draw 
ing of the material selected (which must possess 
the requisite physical characteristics for forming 
a good bearing against the cylinder wall, one such 
material as above stated being high carbon steel 
of a carbon content of over 0.5 per cent) into the 
form of a wire or rod (the terms “wire' and “rod' 
herein being employed indiscriminately as com 
prehensive of any elongate element of indefinite 
length and of relatively small cross section) of 
Substantially, although not necessarily, the sec 
tion of the proposed packing. This wire or rod 
may now be heat treated or tempered to the 
desired degree and is then bent by means of any 
Suitable machine or appliance to form a ring 
having substantially the contour of the desired 
packing. While the heat treatment or temper 
ing of the wire is preferably performed before 
bending, I contemplate that annealed wire or rod 
may be employed and given the necessary temper 
by cold Working or bending or by heat treatment 
after bending. Moreover, the proper length of 
material to form the ring may be severed from 
the original length of wire either before or after 
bending. The circumferential length of the wire 
forming the embryo ring at this stage of the 
process may be slightly less, for example, from 
2/1000 to 4/1000 of an inch, than the circum 
ferential length of the finished packing, or it 
may be the same, depending upon the character 
of the Succeeding operation. Any suitable appli 
ance or apparatus may be employed for bending 
the wire and it may be bent in a plane or to for 
a helix, as may be preferred. 
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4. 
In whatever way the wire is bent, and whether 

before or after tempering, the ring formed at this 
stage of the process preferably should have such 
a peripheral contour that when it is compressed 
Within the engine cylinder it will bear with sub 
Stantially equal radial pressure against all points 
of the cylinder wall. 

Having produced this initial or embryo ring I 
may if it seems desirable or necessary finish its 
radial faces to bring them into true parallelism. 
The radial faces may be finished in various 

Ways, for example, by grinding or by Subjecting 
them to pressure between accurately flat parallel 
Surfaces. In the latter case the ring is prefer 
ably confined within predetermined bounds cir 
Cumferentially before the application of the 
pressure to the radial faces of the ring. 
While the above-described process results in the 

production of Satisfactory rings it is possible to 
make such rings by a modified process, such a 
modified process being disclosed in my patent 
No. 1,783,047. 
While as above pointed out my improved process 

lends itself particularly well to the production of 
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packing rings of high carbon steel, I wish it to be 
understood that it is not necessarily confined to 
the production of rings of this particular material 
since I contemplate that other materials may be 
found useful for the purpose. 
I claim: 
1. A strong, tough and durable split packing 

ring for use with a reciprocating piston, said 
ring being radially expansible and consisting of 
steel of at least 0.5 per cent carbon. 

2. A strong, tough and durable Split packing 
ring for use with the piston of an internal com 
bustion engine having a circumferential groove 
of fixed width, said ring being radially and re 
siliently expansible and having plane and parallel 
radial faces, said ring consisting of steel of 0.5 
per cent or more carbon. 

3. A strong, tough and durable split packing 
ring for use with the piston of an internal com 
bustion engine having a circumferential groove 
of fixed width, said ring consisting of steel of 
from 0.6 to 0.7 per cent carbon. 

LEWIS C. MARSHALL. 
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