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rial number of SUP10 in JIS G 4801, which contains small 
amounts of alloying elements, is used, and a piston ring wire 
is annealed before an oil-tempering treatment Such that 
spheroidal cementite having an average particle size of 
0.1-1.5 um is dispersed in a tempered martensite matrix, 
thereby Suppressing the movement of dislocation and creep 
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COMPRESSION RING AND ITS 
PRODUCTION METHOD 

FIELD OF THE INVENTION 

The present invention relates to a piston ring for automo 
bile engines, particularly to a compression ring used in a 
high-thermal-load environment in high-compression-ratio 
engines, and its production method. 10 

BACKGROUND OF THE INVENTION 

For environmental protection, automobile engines are 
recently designed to have improved fuel efficiency, low 
emission and high power, so that engines tend to have high 15 
compression ratios and high load. However, higher com 
pression ratios generally elevate combustion chamber tem 
peratures, so that knocking easily occurs. A usual measure 
against knocking is the delaying of ignition timing (spark 
advance), but it makes it impossible to keep high thermal 20 
efficiency. Accordingly, investigation is conducted to lower 
the temperature of combustion chamber walls. To lower the 

2 
ductivity of 35 W/m-K or more and a thermal sag ratio (loss 
of tangential force) of 4% or less would be difficult to 
achieve. 

Further, not only excellent characteristics but also price 
competitiveness are required on automobile parts such as 
piston rings. Thus, cost reduction is an important object. 

OBJECT OF THE INVENTION 

An object of the present invention is to provide a com 
pression ring having excellent thermal conductivity and 
thermal sag resistance as well as good price competitive 
ness, which can be used in a high-thermal-load environment 
in high-compression-ratio engines, and a method for pro 
ducing Such a compression ring. 

SUMMARY OF THE INVENTION 

Table 1 shows the compositions of steels used for piston 
rings A-G and their thermal conductivities at 200° C. The 
relation between the thermal conductivity of the steel and 
the total amount of alloying elements is shown in FIG. 6. 
Materials with smaller amounts of alloying elements have 
higher thermal conductivities. 

TABLE 1. 

Alloying elements' and thermal conductivities of steels for piston rings 

Allowing Element (% by mass Thermal 

Total Conductivity 
No. C Si Mn Cr Ni Mo Cu V N Amount (W/m . K) 

A. O.87 O.S. O.S 17.5 - 1.2 - 0.1 - 20.67 22 
B 0.33 0.5 0.5 13.0 — — — — — 14.33 26 
C O.S.S. O.25 O.8 0.8 — — — — — 2.4 38 
D 0.55 1.4 0.65 0.65 — — 0.1 — — 3.35 31 
E 0.62 0.25 0.45 — — — — — — 1.32 47 
F O.O4 OS 1.O. 19.0 9.2 - - - - - 0.13 29.87 17 
G O.O8 OS 6.5 17.0 4.5 - - - - - 0.12 28.7 16 

Note: 

Though P and S are contained as inevitable impurities, they are not shown in this table. 

temperature of combustion chamber walls, it is effective to 40 
lower the temperature of piston crown surfaces. To this end, 
it is most effective to dissipate the heat of pistons to cooled 
cylinder walls via compression rings. Thus, among the three 
basic functions of piston rings, a gas-sealing function, a 
thermal conduction function and an oil control function, the 
thermal conduction function is utilized. Because the thermal 
conduction function is affected by ring Substrates, the ther 
mal conductivity of Surface treatment layers, ring shapes, 
etc., they should be optimized. Also, what should be taken 
into consideration in the selection of materials are, in 50 
addition to thermal conductivity, thermal sag resistance and 
fatigue resistance making it possible to keep ring character 
istics even in a thermal environment at about 300° C. 

In addition, when pistons are made of aluminum, alumi 
num Softens as the combustion chamber temperature is 55 
elevated, so that fatigue failure occurs in ring grooves of 
pistons due to the high-temperature impingement and sliding 
of compression rings, making likely the wearing of ring 
grooves and microwelding to compression rings. In view of 
this, the temperature of ring grooves should be lowered by 60 
using high-thermal-conductivity compression rings. 

To meet the above demand, for example, JP 2009-235561 
A proposes a proper composition comprising C, Si, Mn and 
Cr, which is defined by parameters in predetermined ranges, 
for piston rings having excellent thermal conductivity and 65 
thermal sag resistance, which are usable as compression 
rings. However, for example, Such targets as thermal con 

45 

However, the thermal sag resistance is actually deterio 
rated as the amounts of alloying elements decrease, making 
impossible use for compression rings in a high-thermal-load 
environment. Steel is generally more inexpensive as the 
amounts of alloying elements are smaller. Also, from the 
economic point of view, steel used in a large amount, 
namely, mass-produced like materials defined by JIS (Japa 
nese Industrial Standards) is inexpensive. Accordingly, the 
present invention basically uses a JIS-defined material con 
taining Small amounts of alloying elements, with its micro 
scopic structure controlled to have excellent thermal sag 
resistance even at a high temperature of 300° C. As a result 
of intensive research, the inventors have found that specifi 
cally using steel identified by the material number of SUP10 
in JISG 4801, when a piston ring wire is annealed before an 
oil-tempering treatment to precipitate spheroidal cementite, 
with the oil-tempering treatment conditions optimized, a 
proper amount of spheroidal cementite is dispersed in a 
tempered martensite matrix, Suppressing the movement of 
dislocation and creep even at 300° C., and improving the 
thermal sag resistance. 

Thus, the compression ring of the present invention has a 
composition comprising by mass 0.45-0.55% of C, 0.15 
0.35% of Si, 0.65-0.95% of Mn, 0.80-1.10% of Cr, and 
0.15-0.25% of V, the balance being Fe and inevitable impu 
rities, with spheroidal cementite having an average particle 
size of 0.1-1.5 um dispersed in a tempered martensite 



US 9,617,952 B2 
3 

matrix. The spheroidal cementite preferably has an average 
particle size of 0.5-1.0 um. The amount of spheroidal 
cementite dispersed is preferably 1-6% by area, on a micro 
scopically observed structure Surface. 
The compression ring of the present invention preferably 

has thermal conductivity of 35 W/m-K or more, and a 
thermal sag ratio (loss of tangential force of the ring) of 4% 
or less. 
The method of the present invention for producing a 

compression ring having a composition comprising by mass 
0.45-0.55% of C, 0.15-0.35% of Si, 0.65-0.95% of Mn, 
0.80-1.10% of Cr, and 0.15-0.25% of V, the balance being Fe 
and inevitable impurities, with spheroidal cementite having 
an average particle size of 0.1-1.5 um dispersed in a tem 
pered martensite matrix, comprises an annealing step before 
an oil-tempering treatment step before forming said com 
pression ring. The annealing step is conducted preferably at 
a temperature of 600-720° C., and the oil-tempering treat 
ment step is preferably conducted at a quenching tempera 
ture of 820-980° C. and a tempering temperature of 400 
500° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a scanning electron photomicrograph showing 
the secondary electron image of a cross section in Example 
1. 

FIG. 2 is a scanning electron photomicrograph showing 
the secondary electron image of a cross section in Com 
parative Example 1. 

FIG. 3 is a graph showing the relation between thermal 
conductivity and a thermal sag ratio in Examples 1 and 5. 
and Comparative Examples 1, 2 and 5. 

FIG. 4 is a schematic view showing a microwelding test. 
FIG. 5 is a graph showing the microwelding test results of 

Examples 1-3 and Comparative Examples 2-4. 
FIG. 6 is a graph showing the relation between the total 

amount of alloying elements and thermal conductivity in 
steels used for piston rings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The compression ring of the present invention has a 
composition comprising by mass 0.45-0.55% of C, 0.15 
0.35% of Si, 0.65-0.95% of Mn, 0.80-1.10% of Cr, and 
0.15-0.25% of V, the balance being Fe and inevitable impu 
rities, with spheroidal cementite having an average particle 
size of 0.1-1.5 um dispersed in a tempered martensite 
matrix. The above composition is basically a steel compo 
sition identified by the material number of SUP10 according 
to JISG 4801, having high thermal conductivity because of 
a small total amount of alloying elements, though it com 
prises small amounts of Cr and V. However, it does not have 
Sufficient thermal sag resistance. In the present invention, 
relatively large spheroidized cementite is dispersed in a 
tempered martensite matrix. This spheroidal cementite is 
known as residual cementite in spring steel Subject to an 
oil-tempering treatment. Because stress is concentrated on 
the spheroidal cementite, it is considered as a factor of 
decreasing the mechanical properties of steel wires. How 
ever, the fact that excellent thermal sag resistance is 
achieved when used for compression rings among piston 
rings suggests that spheroidal cementite remaining in the 
oil-tempered matrix provides a crystal lattice with Strain, 
making dislocation unlikely even at 300° C. In the present 
invention, the spheroidal cementite has an average particle 
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4 
size of 0.1 um or more. Because the residual cementite of 
about 0.1 um or less is dissolved in austenite in a solution 
treatment in an oil-tempering treatment, spheroidal cement 
ite having an average particle size of less than 0.1 um is not 
observed. If the average particle size exceeds 1.5 lum, the 
spheroidal cementite would undesirably act as starting sites 
of fatigue failure, resulting in reduced fatigue resistance. 
The preferred average particle size is 0.5-1.0 Lum. 
The amount of spheroidal cementite dispersed is prefer 

ably 1-6% by area on a microscopically observed structure 
surface. Within this dispersion range, the steel preferably has 
thermal conductivity of 35 W/m-K or more, and a thermal 
sag ratio (loss of tangential force according to JIS B 8032-5) 
of 4% or less. Commonly used Si-Cr steel has thermal 
conductivity of about 3.1 W/m-K, and the thermal conduc 
tivity of about 35 W/m K is comparable to those of piston 
rings of conventional, high-thermal-conductivity flaky 
graphite cast iron. Because the thermal conductivity is 
mainly determined by the movement of free electrons in 
crystal grains of metals, higher thermal conductivity is 
obtained with fewer solid solution elements. The facts that 
the amount of Si, a solution-strengthening element, is par 
ticularly smaller in SUP10 used in the present invention than 
in Si Cr steel, and that spheroidal cementite is formed, 
appear to contribute to the improvement of thermal conduc 
tivity by reducing the solid solution of C. Though JIS B 
8032-5 indicates that the thermal sag ratios (loss of tangen 
tial force) of steel rings are 8% or less under the test 
conditions of 300° C. for 3 hours, the smaller, the better. 
Thus, the target value for material development has been set 
at about 4%, on the same level as that of the Si Cr steel. 
From the aspect of wear resistance and microwelding 

resistance, sliding peripheral Surfaces of compression Steel 
rings are usually subject to various Surface treatments. When 
good thermal conductivity is predominantly needed, a chro 
mium plating is preferable, but when wear resistance and 
microwelding resistance are important, ion-plated CrN coat 
ings are preferable, and DLC coatings are Suitable for 
aluminum cylinders. Thus, for the same compression rings, 
proper Surface treatments may be selected depending on 
sliding mate members, use environment, etc. Of course, a 
nitriding treatment is also usable. 
A wire used for the production of the compression ring of 

the present invention is produced by melting steel (SUP10) 
having a composition comprising by mass 0.45-0.55% of C. 
0.15-0.35% of Si, 0.65-0.95% of Mn, 0.80-1.10% of Cr, and 
0.15-0.25% of V, the balance being Fe and inevitable impu 
rities, hot-rolling the steel to a wire, and providing the wire 
with a predetermined cross section shape by conducting 
spheroidizing annealing in place of part of patenting in a 
usual treatment sequence comprising patenting, washing 
with acid, drawing, patenting, washing with acid, drawing 
and oil-tempering (oil quenching and tempering). The pat 
enting is a heat treatment of continuously causing isothermal 
or cooling transformation to provide a fine pearlite structure 
in a line heat treatment, specifically conducted in a tempera 
ture range of about 900° C. to about 600° C. In the present 
invention, the annealing step is conducted in place of the 
patenting treatment preferably at a temperature of 600-720° 
C., which is equal to or lower than an A point in an Fe-C 
phase diagram, for 30-240 minutes. Because spheroidal 
cementite having a predetermined particle size, which is 
formed by the spheroidizing annealing, is influenced by 
Subsequent heat treatments and affects Subsequent drawing, 
the spheroidizing annealing is preferably conducted imme 
diately before the last oil-tempering treatment. Accordingly, 
the spheroidizing annealing is conducted preferably in place 
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of the second patenting treatment. In this case, the 
spheroidizing annealing is inevitably a batch treatment. The 
batch treatment is inserted between continuous treatments in 
a conventional production line, inevitably resulting in lower 
productivity. Though the spheroidizing annealing may be 
conducted in place of the first patenting treatment for higher 
productivity, attention should be paid to provide the sphe 
roidal cementite with particle sizes in a predetermined range. 
The temperature and time period of the oil-tempering treat 
ment comprising an oil quenching step and a tempering 
treatment step should be set such that all spheroidal carbides 
are not dissolved, namely, the spheroidal carbides have a 
preferred area ratio. In the present invention, the quenching 
step is preferably conducted after heating at a temperature of 
820-980° C. for several tens of seconds to several minutes, 
for example, 30 seconds to 3 minutes, and the tempering step 
is preferably conducted at a temperature of 400-500° C. for 
several tens of seconds to several minutes, for example, 
about 30 seconds to about 3 minutes. Because the heat 
treatment temperature and time differ depending on the size 
of a heat treatment furnace and the cross section areas of 
items to be treated, they should be adjusted such that the 
spheroidal cementite has preferred particle size and area 
ratio. 
The compression ring of the present invention is obtained 

from the above wire drawn to have a predetermined cross 
section shape, usually by forming the wire to a free form ring 
by a cam machine, conducting a strain-removing heat treat 
ment, and grinding the side Surfaces, peripheral Surface, gap, 
etc. of the ring to a predetermined ring shape. Of course, 
Surface treatments such as plating, PVD, etc. may be con 
ducted if necessary. 

EXAMPLES 1-3 

E1 to E3 

Each wire of SUP10 steel rolled to 8 mm in diameter was 
formed into a rectangular cross-sectioned wire of 1.0 mm in 
thickness and 2.3 mm in width, by conducting an annealing 
step at 700° C. for 60 minutes in place of the second 
patenting treatment, in a wire-forming process comprising 
heating at 900° C. patenting at 600° C., washing with acid, 
wire drawing, heating at 900° C., patenting at 600° C. 
washing with acid, wire drawing and oil-tempering. The 
oil-tempering treatment comprised a quenching step in an oil 
at 60° C. after heating at 930° C. for 45 seconds, and a 
tempering step at 470° C. for 60 seconds. FIG. 1 shows the 
structure of the wire observed by a scanning electron micro 
scope, in which white fine spheroidal cementite (1) was 
dispersed in a tempered martensite. Image analysis on an 
enlarged photomicrograph of this structure revealed that the 
spheroidal cementite had an average particle size of 0.8 um 
and an area ratio of 2.4%. 

EXAMPLES 4-5 

E4 to E5 

Each rectangular cross-sectioned wire of 1.0 mm in 
thickness and 2.3 mm in width was produced from the SUP 
10 steel by conducting annealing at 700° C. in place of the 
second patenting treatment as in Examples 1-3. To control 
the spheroidal cementite dispersed in a tempered martensite 
matrix, the temperature of heating before quenching in the 
oil-tempering treatment was 98.0°C. in Example 4, and 820 
C. in Example 5. Image analysis conducted in the same 
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6 
manner as in Example 1 on Scanning electron photomicro 
graphs of the wire structures revealed that the spheroidal 
cementites in Examples 4 and 5 had average particle sizes of 
0.4 um and 1.2 um, respectively, and area ratios of 0.3% and 
5.3%, respectively. 

Each rectangular cross-sectioned wire of 1.0 mm in 
thickness and 2.3 mm in width in Examples 1-5 was formed 
into a compression ring having a nominal diameter of 73 
mm, which was subject to a coating treatment shown in 
Table 2. Namely, a peripheral surface of the compression 
ring was provided with a CrN coating by ion plating, and 
side Surfaces of the compression ring were provided with a 
Zinc phosphate coating (Example 2) and a manganese phos 
phate coating (Example 3). 

Comparative Examples 1-5 

C1 to C5 

In Comparative Example 1, a rectangular cross-sectioned 
wire of 1.0 mm in thickness and 2.3 mm in width was 
produced by a conventional wire-forming process compris 
ing two patenting treatments (without introducing an anneal 
ing step into the wire-forming process of Examples 1-5), and 
formed into a compression ring. In Comparative Examples 
2-4, Si-Cr steel (JIS SWOSC-V) was used in place of the 
SUP10 steel of Comparative Example 1 to produce rectan 
gular cross-sectioned wires of 1.0 mm in thickness and 2.3 
mm in width in the same manner as in Comparative Example 
1, and each wire was formed into a compression ring, and 
subjected to a surface treatment shown in Table 2 as in 
Examples 1-5. In Comparative Example 5, a hard steel wire 
(JIS SWRH62A) was used in place of the SUP10 steel of 
Comparative Example 1 to produce a rectangular cross 
sectioned wire of 1.0 mm in thickness and 2.3 mm in width 
in the same manner as in Comparative Example 1, and 
formed into a compression ring. All peripheral Surfaces in 
Comparative Examples 1-5 were coated with CrN, side 
surfaces in Comparative Example 3 were coated with zinc 
phosphate, and side Surfaces in Comparative Example 4 
were coated with manganese phosphate. 

In a scanning electron photomicrograph of FIG. 2 show 
ing the structure of the wire of Comparative Example 1, only 
uniform tempered martensite was observed, without fine 
spheroidal cementite in Example 1. 
Thermal Sag Test 
In a thermal sag test according to JIS B 8032-5, the spring 

force of a ring was first measured, and a spring force was 
measured again after the ring closed to a nominal diameter 
was heated at 300° C. for 3 hours, to evaluate the loss of 
tangential force according to JIS. The test was conducted 5 
times in each of Examples 1, 4 and 5, and Comparative 
Examples 1, 2 and 5, and the measured results were aver 
aged. The averaged values of the thermal sag resistance were 
shown in Table 2. The thermal sag resistances (average 
values) of Examples 1, 4 and 5 were 24%, 4% and 26%, 
respectively, better than that of Comparative Example 1 
having Substantially the same thermal conductivity. 
Examples 1 and 5 achieved a target of 4% or less, with small 
UWSS. 

Measurement of Thermal Conductivity 
In Examples 1, 4 and 5, and Comparative Examples 1, 2 

and 5, the thermal conductivity was measured by a laser 
flash method. The results are shown in Table 2. Example 1 
was higher than the Si Cr steel of Comparative Example 2 
but lower than the hard steel wire of Comparative Example 
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5 in thermal conductivity, confirming that the thermal con 
ductivity depends on the amounts of alloying elements. 

FIG. 3 shows the relation between the thermal sag ratio 
and the thermal conductivity. A higher thermal conductivity 
provided a higher thermal sag ratio in Comparative 
Examples 1, 2 and 5, but the thermal sag ratios of Examples 
1 and 5 were lower than a line connecting three Comparative 
Examples, confirming that the thermal sag ratio decreased at 
the same thermal conductivity, namely improvement in the 

8 
EFFECTS OF THE INVENTION 

Because the compression ring of the present invention has 
both high thermal conductivity and high thermal sag resis 
tance, even when used in a high-thermal-load environment 
Such as high-compression-ratio engines, the ring can effi 
ciently dissipate heat from a piston head to a cooled cylinder 
wall without losing a spring force. Accordingly, knocking 
can be suppressed without needing Such control as to delay 

10 ignition timing, keeping high thermal efficiency. Also, the 
thermal sag resistance. temperature of ring grooves of an aluminum piston can be 

Microwelding Test lowered, Suppressing microwelding and wearing of the ring 
The microwelding test uses an apparatus (for example, grooves. The production method of the present invention 

Tribolic IV available from Riken Corporation) shown in using mass-produced steel defined by JIS contributes to cost 
FIG. 4, in which a ring (compression ring) (3) is concentri- 15 reduction. 
cally placed on a table rotating at a low speed, and a piston 
(AC8A) (4) controlled at a predetermined temperature is What is claimed is: 
longitudinally reciprocated with a constant period to apply 1. A compression ring consisting of a composition con 
Surface pressure to the ring periodically, the reciprocation of sisting of by mass 0.45-0.55% of C, 0.15-0.35% of Si, 
the piston being repeated until microwelding occurs. When o 0.65-0.95% of Mn, 0.80-1.10% of Cr, and 0.15-0.25% of V. 
the microwelding occurs, the torque of a rotating shaft (2) the balance being Fe and inevitable impurities, and sphe 
changes, accompanied by temperature elevation. In FIG. 4. roidal cementite having an average particle size of 0.1-1.5 
references numbers 5, 6, and 7, respectively, represent a um dispersed in a tempered martensite matrix, wherein said 
heater, a thermocouple, and a temperature controller. The compression ring has thermal conductivity of 35 W/m-K or 
number of cycles at that time was used to evaluate the life 2s more and thermal sag ratio of 4.4% or less. 
of the ring. The test conditions were a test temperature of 2. The compression ring according to claim 1, wherein the 
240° C., a surface pressure amplitude of 0-1.1 MPa, a amount of said spheroidal cementite dispersed is 1-6% by 
Surface pressure frequency of 3.3 HZ, and a ring rotation area on a microscopically observed structure Surface. 
speed of 3.3 m/sec (rotation in one direction), and a ring 3. The compression ring according to claim 1, having a 
surface was coated with 0.08 cc of a base oil (SAE30) so thermal conductivity of 38 W/m-K or more, and thermal sag 
without additives as a lubricant. The results are shown in ratio of 4% or less. 
Table 2 and FIG. 5. With respect to the microwelding 4. A method for producing a compression ring consisting 
resistance life. Example 1 without a surface treatment (bear of a composition consisting of by mass 0.45-0.55% of C. 
ring) was 51% longer than Comparative Example 2, and 0.15-0.35% of Si, 0.65-0.95% of Mn, 0.80-1.10% of Cr, and 
Example 2 with a zinc phosphate coating was 43% longer 35 0.15-0.25% of V, the balance being Fe and inevitable impu 
than Comparative Example 3. In Example 3 with a manga- rities, and spheroidal cementite having an average particle 
nese phosphate coating, the difference of a Substrate did not size of 0.1-1.5 um dispersed in a tempered martensite 
change the microwelding resistance life. This appears to be matrix, the method comprising a spheroidizing annealing 
due to influence by the Surface roughness of the manganese step before an oil-tempering treatment step before forming 
phosphate coating. said compression ring. 

TABLE 2 

Surface Treatment Spheroidal Micro 
Coating Cementite Thermal Sag Thermal welding 

Peripheral Side Davl) Area Resistance (%) Conductivity Resistance 

No. Surface Surface (m) Ratio (%) AV(2) RV3) (W/m . k) Life(4) 

E1 CN O.8 2.4 3.5 76 38 2.247 
E2 CN Zinc 15,835 

Phosphate 
E3 CN Manganese 18,444 

Phosphate 
E4 CN 0.4 O.3 4.4 96 38 
E5 CN 1.2 5.3 3.4 74 38 
C1 CN 4.6 100 38 
C2 CN 3.2 70 31 1488 
C3 CN Zinc 11,088 

Phosphate 
C4 CN Manganese 18,483 

Phosphate 
C5 CN 6.7 146 47 

Note: 

(Average particle size, 
'Absolute value of the thermal sag ratio, 

Relative value of the thermal sag ratio, 
(The microwelding resistance life expressed by the number of pressure-applying cycles until microwelding occurred. 



US 9,617,952 B2 
9 

5. The method for producing a compression ring accord 
ing to claim 4, wherein said spheroidizing annealing step is 
conducted at a temperature of 600-720° C. 

6. The method for producing a compression ring accord 
ing to claim 4, wherein said oil-tempering treatment step is 5 
conducted at a quenching temperature of 820-980° C. and a 
tempering temperature of 400-500° C. 

k k k k k 

10 


