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(57) ABSTRACT

A method of producing an endless metal ring includes
welding ends of a maraging steel plate such that the marag-
ing steel plate has a ring shape, annealing the maraging steel
plate with the ring shape 1n a furnace at 845° C. or higher,
and nitriding the annealed maraging steel plate, wherein,
during the annealing, a dew point temperature indicating an
amount of water 1n the furnace 1s adjusted such that a value
of the dew point temperature [ C.] 1s equal to or higher than
a value obtained by subtracting 35 from time [min] at an

annealing temperature of 845° C. or higher.
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FIG. 3
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FIG. 4

DEW POINT -40°C

I R R R R I S T TS R T T T v w4 TP P i
A Sl S AT N e AR ST i 2 " ——. , 8, W - vl - B -
- " W - D s VS LR IV LU L8 S P Sy -t » g - e ——y .
- H T swermsw - 7 A
. " - :
? - b
- .
+ =
N
/4
ds - -
S A, .
LA
-rﬁ [}
v e
».
- -‘ g
,G s
.
D ’
E
o LR
E ¢ -
.
w E
. 'Al_’
-D LY
)
I - = ‘et
*
5T .4
-
v
m .
H
O i )
B
w -
w 3
: Y
m L
[T .o 2 @ . . .
- A G2 A9 SR RN >0k . AV il D P M G R T L T TR P A T P gt -
> -~ »~
" 4 : a ;
o .
\ o - “A
. Y
¢ 2
E 3 ® <
. o -
-
. . .
I ., 1 P
= MY B 0
- uPs
i y A
N g ’ -
' ~
.
.‘ . + L J y
. - - ’
7] 5. M
i v
A : o .
: . - \
» K
! Y + R
_,)- g r
. . il - 4
- - : p
- . . -
a ud Ly ~
- * - " 2 - . P -

- J

820 840 860 880 900
NNEALING TEMPERATURE [°C]



Patent Application Publication

- . r .

DEWPOINT 59

AD 4L

THICKNESS OF TITANIUM
NITRIDE LAYER [um]

Oct. 31, 2019 Sheet 4 of 7

FIG. 5
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ENDLESS METAL RING AND METHOD OF
PRODUCING THE SAME

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2018-086960 filed on Apr. 27, 2018 including the specifi-
cation, drawings and abstract 1s incorporated herein by
reference 1n 1ts entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an endless metal
ring and a method of producing the same.

2. Description of Related Art

[0003] A belt type continuously variable transmission
(CV'T) 1s known as a CVT. As a power transmission belt for
a belt type CVT, an endless metal belt including a belt
member obtained by laminating metal rings and a plurality
of elements supported on the belt member 1s known. The belt
member receives tension, bending stress, a frictional force
and the like during power transmission. Therefore, the belt
member and metal rings constituting the belt member are
required to have characteristics such as strength and abra-
sion resistance, and various studies have been conducted
thereon. The metal ring for a belt member 1s generally
processed 1nto a ring shape by welding ends of a steel plate
to each other.

[0004] The inventors disclosed a method of producing a
specific endless metal ring 1n which a specific maraging steel
plate 1s used and an annealing temperature 1s 875° C. to 900°
C. 1n Japanese Unexamined Patent Application Publication
No. 2013-252549 (JP 2013-252549 A). JP 2013-252549 A
describes that, when an annealing temperature is set rela-
tively high at 875° C. or higher, 1t 1s possible to reduce
constriction of a welded part.

SUMMARY

[0005] The inventors conducted extensive studies and as a
result, found that constriction of a welded part 1s reduced by
setting an annealing temperature to be high, but titanium
nitride easily grows on the surface of the maraging steel
plate, and the titanium nitride deteriorates fatigue strength of
the endless metal ring.

[0006] The present disclosure provides an endless metal
ring with reduced constriction of a welded part and having
excellent fatigue strength, and a method of producing the
same.

[0007] A method of producing an endless metal ring
according to a first aspect of the present disclosure includes
welding ends of a maraging steel plate such that the marag-
ing steel plate has a ring shape, annealing the maraging steel
plate with the ring shape 1n a furnace at 845° C. or higher,
and mitriding the annealed maraging steel plate, wherein,
during the annealing, a dew point temperature indicating an
amount of water 1n the furnace 1s adjusted such that a value
of the dew point temperature [ C.] 1s equal to or higher than
a value obtained by subtracting 35 from time [min]| at an
annealing temperature of 845° C. or higher.

[0008] In one embodiment of the method of producing an
endless metal ring, the furnace may have a nitrogen gas
supply path and a hydrogen gas supply path, the nitrogen gas

Oct. 31, 2019

supply path may have a branch path with a water supply
source, and the dew point temperature may be adjusted by
adjusting a flow rate of mitrogen gas that passes through the
branch path.

[0009] An endless metal ring according to a second aspect
of the present disclosure includes a maraging steel plate
including 5.75 mass % to 6.05 mass % of molybdenum, 12.0
mass % to 17.0 mass % of cobalt, 17.0 mass % to 20.0 mass
% of nickel, 0.4 mass % to 0.5 mass % of titanium, 0 mass
% to 0.15 mass % of aluminum, and a remainder including
iron and inevitable impurities, wherein the thickness of a
titanium nitride layer 1n the maraging steel plate 1s 2 um or
less.

[0010] According to the present disclosure, 1t 1s possible to
provide an endless metal ring with reduced constriction of a
welded part and having excellent fatigue strength, and a
method of producing the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features, advantages, and technical and industrial
significance of exemplary embodiments of the disclosure
will be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:

[0012] FIG. 1 1s a flowchart showing an example of a
method of producing an endless metal ring of the present
embodiment;

10013]

[0014] FIG. 3 1s a schematic view showing an example of
a method of 1ntroducing water into a furnace;

[0015] FIG. 4 1s a graph showing the relationship between
an annealing temperature and an amount of titantum nitride

generated;

[0016] FIG. 51s a graph showing the relationship between
an annealing time and an amount of titanium nitride gener-

ated;

[0017] FIG. 6 1s a graph showing the relationship between
a dew point temperature and an amount of titanium nitride
generated;

[0018] FIG. 7 1s a graph showing results of a durabaility
fatigue test of endless metal belts using endless metal rings
of an example and a comparative example;

[0019] FIG. 8 1s a schematic sectional view showing an
example of an endless metal belt; and

[0020] FIG. 9 1s a schematic partial perspective view
showing an example of an endless metal belt.

FIG. 2 1s a graph for explaining Formula (1);

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] First, a method of producing an endless metal ring
of the present embodiment will be described below with
reference to FIG. 1. FIG. 1 1s a flowchart showing an
example of the method of producing an endless metal ring
of the present embodiment. The method of producing an
endless metal ring of the present embodiment includes at
least a welding process (S11) in which ends of a maraging
steel plate are combined together and the combined part 1s
welded to form a ring shape, a process (S12) in which the
maraging steel plate with a ring shape 1s annealed under
specific conditions to be described below, and a process
(S13) in which the annealed steel plate 1s nitrided, and may
include a molding process, a cutting process, a rolling
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process, a solutionizing process, a circumierential length
adjusting process, and the like as necessary. Hereinatter, the
processes will be described.

[0022] Before the welding process, generally, a molding
process 1n which the maraging steel plate 1s formed 1n a ring
shape 1s provided. In the molding process, a long maraging
steel plate with a roller shape 1s cut into a predetermined
size, and bent into a ring shape so that ends thereof are
combined with each other. Bending can be performed using
a roller or a mold. Here, the width of the ring shape in this
step may be a width for a predetermined CVT belt and a
cylindrical shape larger than a width for a predetermined
CV'T belt may be used. Next, in the welding process (S11),
the ends combined 1n a molding process are welded together.
The welding method may be approprately selected from
among various welding methods, for example, laser welding
and plasma welding.

[0023] Next, the maraging steel plate formed 1n a ring
shape 1n the welding process 1s annealed (S12). In the
present embodiment, a dew point temperature indicating an
amount of water vapor 1n a furnace 1s adjusted so that the

following Formula (1) 1s satisfied and annealing 1s per-
formed at 845° C. or higher.

(Dew point temperature [° C.])(time [min] at an
annealing temperature of 845° C. or higher)-

35[° C.] Formula (1):

[0024] In the method of producing an endless metal ring of
the present embodiment, when annealing 1s performed under
conditions 1n which Formula (1) 1s satisfied, constriction of
a welded part 1s reduced, and an amount of titantum nitride
formed on the surface of the maraging steel plate 1s reduced,
and thus 1t 1s possible to reduce deterioration of fatigue
strength.

[0025] Here, Formula (1) will be described with reference
to FIG. 2. FIG. 2 1s a graph for explaining Formula (1) in
which the horizontal axis represents an annealing time and
the vertical axis represents a dew point temperature. Here, in
the present embodiment, the annealing time 1s a time from
when the temperature 1n a furnace reaches 845° C. until the
temperature falls below 845° C. In addition, the dew point
temperature 1s a temperature at which condensation starts
when 1t 1s assumed that air containing water vapor in the
furnace 1s cooled and 1s an index of an amount of water
vapor 1n the furnace. A straight line 1 i FIG. 2 1s a straight
line of (dew point temperature [° C.])=(time [min] at an
annealing temperature of 845° C. or higher)-35[° C.].
Generally, the temperature 1n the furnace during annealing 1s
high, and an amount of water vapor decreases so that the
dew point temperature becomes —40° C. or lower (a dew
point range without any operation in FIG. 2). In the present
embodiment, when annealing 1s performed at a high tem-
perature of 845° C. or higher, 1t 1s possible to reduce
constriction of the welded part. In addition, when water 1s
introduced into the furnace during annealing and the dew
point temperature increases, even 1f annealing 1s performed
at a high temperature of 845° C. or higher, excessive growth
of titantum nitride 1n the subsequent nitriding process 1s
curbed, and 1t 1s possible to improve fatigue strength.
[0026] Here, the relationship between annealing condi-
tions and an amount of a nitride generated will be described
with reference to FIG. 4 to FIG. 6. FIG. 4 1s a graph showing
the relationship between an annealing temperature and an
amount of titanium nitride generated (for an annealing time
of 15 minutes). FIG. 5 1s a graph showing the relationship
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between an annealing time and an amount of titanium nitride
generated (at an annealing temperature of 880° C.). In
addition, FIG. 6 1s a graph showing the relationship between
a dew point temperature and an amount of titanium nitride
generated when annealing 1s performed at 880° C. for 15
minutes. As shown 1n FIG. 4 and FIG. 5, 1t can be understood
that, when an annealing temperature and an annealing time
are aligned, generation of titantum mnitride 1s reduced at a
higher dew point temperature. In addition, as shown 1n the
example 1n FIG. 6, under annealing conditions of 880° C. for
15 minutes, an effect of reducing generation of titanium
nitride 1s exhibited up to a dew point temperature of about
—-20° C. The inventors performed measurement under vari-
ous conditions, and as a result, found that generation of
titanium nitride 1s reduced 1n a range 1n which Formula (1)
1s satisfied. In addition, it can be clearly understood that,
when annealing 1s performed at 875° C. or higher, 1t 1s
possible to reduce constriction of the welded part. Here, as
shown 1n FIG. 2, the straight line 1 has a slope of 1. That 1s,
in Formula (1), (time [min] at an annealing temperature of
845° C. or higher) 1s multiplied by a coetlicient 1[° C./min],
and units of terms are the same.

[0027] In the present embodiment, a method of introduc-
ing water mto a furnace i1s not particularly limited. A
preferable example will be described with reference to FIG.
3. FIG. 3 1s a schematic view showing an example of a
method of introducing water into a furnace. In the example
in FIG. 3, a furnace for annealing 10 has a nitrogen gas
supply path 1 and a hydrogen gas supply path 3, and the
nitrogen gas supply path 1 has a branch path 2 with a water
supply source 4 therein. In the present embodiment, when a
flow rate of nitrogen gas that passes through the branch path
2 1s adjusted, an amount of water introduced into the furnace
1s adjusted, and 1t 1s possible to adjust the dew point
temperature.

[0028] Inthe method of producing an endless metal ring of
the present embodiment, as necessary, a cutting process, a
rolling process, a solutionizing process, a circumierential
length adjusting process, and the like may be provided after
the annealing process (S12) and before the nitriding process
(S13). The cutting process 1s a process in which, when the
ring has a cylindrical shape, it 1s cut 1into a predetermined
width, and a plurality of rings are formed. As necessary, the
obtained rings may be subjected to barrel polishing or the
like 1n order to remove burrs formed during cutting. The
rolling process 1s a process in which a ring with a prede-
termined width 1s rolled to obtain a predetermined circum-
ferential length and thickness. The thickness of the ring may
be appropriately adjusted depending on applications, and as
an example, 1t can be about 100 um to 200 um.

[0029] Adfter the rolling process, the solutionizing process
may be provided. In the solutionizing process, it 1s possible
to remove processing stress generated during rolling. For
example, the solutionizing process can be performed under
conditions of 1n a range of 820° C. to 860° C. for 1 minute
to 3 minutes. The circumierential length adjusting process 1s
a process 1n which the circumierential length 1s corrected so
that a plurality of rings after rolling can be laminated. In the
circumierential length adjusting process, for example, first,
two rotating pulleys of which rotation shafts are parallel to
cach other and which are provided to be movable 1n
approaching and separating directions are prepared. Next, a
metal ring 1s wound around the rotating pulleys, and the
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rotation shaits are then gradually separated while rotating
the pulleys, and thus the metal ring 1s stretched.

[0030] Next, the ring after the annealing process 1s addi-
tionally subjected to an aging process as necessary, and 1s
then subjected to the nitriding process (S13). In the aging
process, for example, an aging treatment can be performed
under a nitrogen atmosphere or a reducing atmosphere at a
temperature of about 450° C. to 500° C. for about 90 minutes
to 180 munutes. In addition, for example, the nitriding
process can be performed under conditions of an atmosphere
contaiming 5 volume % to 15 volume % of ammonia gas, 1
volume % to 3 volume % of hydrogen gas, with the
remainder made up of nitrogen gas, and a temperature of
about 400° C. to 450° C. for about 40 minutes to 120
minutes. A nitrogen diffusion layer 1s formed 1n a range of
about 20 um to 30 um from the surface according to the
nitriding treatment, and surface hardness 1s 1improved.

[0031] Next, an endless metal ring of the present embodi-
ment will be described. The endless metal ring of the present
embodiment 1s an endless metal ring produced according to
the method of producing an endless metal ring, and a
titanium nitride layer has a thickness of 2 um or less. When

such an endless metal ring 1s used, it 1s possible to increase
the lifespan of the CVT belt.

[0032] Maraging steel used for an endless metal ring 1s a
steel material containing 0.03% or less of C (carbon), and
30% or more of Mo (molybdenum), N1 (nickel), Co (cobalt),
T1 (titanium), and Al (aluminum) 1n total, and 1s a steel
material having high strength and high strength and tough-
ness according to aging aiter martensitizing.

[0033] The chemical composition of the maraging steel
may be appropriately adjusted within the above range. In the
present embodiment, a maraging steel plate including 5.75
mass % to 6.05 mass % of molybdenum, 12.0 mass % to
17.0 mass % of cobalt, 17.0 mass % to 20.0 mass % of
nickel, 0.4 mass % to 0.5 mass % of titanium, and 0 mass %
to 0.15 mass % of aluminum with the remainder being made
up of 1ron and inevitable impurities 1s pretferable.

[0034] When 5.75 mass % to 6.05 mass % of molybdenum

1s included, 1t 1s possible to improve strength and toughness
without deteriorating ductility. On the other hand, when 5.75
mass % or more of molybdenum 1s included, molybdenum
casily segregates 1n the welded part, but molybdenum 1s
casily solid-solutionized 1n a crystal structure of iron due to
an action of cobalt included at 12.0 mass % to 17.0 mass %,
and segregation 1s reduced. In addition, when 17.0 mass %
to 20.0 mass % of nickel 1s included, it has an action of
stably forming a low carbon martensite structure and forms
an intermetallic compound with aluminum and titanium, and
contributes to mmproving strength. In addition, titanium
included at 0.4 mass % to 0.5 mass % combines with nickel,
and forms an intermetallic compound Ni;T1 or N1y(Al, T1)
necessary for obtaining internal hardness. In addition, this 1s
a nitride forming element, and can form a nitrogen diffusion
layer on the surface of maraging steel to obtain surface
hardness. In addition, aluminum combines with nickel and
forms an intermetallic compound NiAl or Ni; Al necessary
for obtaining internal hardness. In addition, since aluminum
1s also a nitride forming element, 1t can form fine AIN during
the nitriding treatment to obtain surface hardness. On the
other hand, when 0.15 mass % or less of aluminum 1s
included, formation of oxide type inclusions that reduce
fatigue strength 1s minimized. Accordingly, aluminum 1s
preferably included at more than 0 and 0.15 mass % or less.
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The remainder other than molybdenum, cobalt, nickel, tita-
nium, and aluminum described above may be iron and
impurities.

[0035] The endless metal ring of the present embodiment
can be suitably used for an endless metal belt that constitutes
a drive belt that moves circumfierentially between a drive
shaft pulley and a driven shaft pulley of a vehicle.

[0036] The present disclosure will be described below 1n
detaill with reference an example and a comparative
example. Here, the present disclosure 1s not limited to the
following description.

EXAMPLE 1

Production of Endless Metal Ring

[0037] An endless metal ring was produced using a marag-
ing steel plate including 5.75 mass % to 6.05 mass % of
molybdenum, 12.0 mass % to 17.0 mass % of cobalt, 17.0
mass % to 20.0 mass % of nickel, 0.4 mass % to 0.5 mass
% of titanium, and 0 mass % to 0.15 mass % of aluminum
with the remainder being made up of 1ron and inevitable
impurities according to the production method described
above. In the annealing process, a flow rate of nitrogen gas
through a water supply source was controlled, and annealing
was performed at 880° C. for 15 minutes while a dew point
temperature was adjusted to -20° C. The thickness of the
titanium nitride layer in the obtained endless metal ring was
2 um.

COMPARAITIVE EXAMPLE 1

Production of Endless Metal Ring

[0038] An endless metal nng of Comparative Example 1
was obtained 1n the same manner as 1n Example 1 except
that the dew point temperature was not adjusted during the
annealing process 1n Example 1, and annealing was per-
formed at 880° C. for 15 minutes. Here, the dew point
temperature 1n the furnace during the annealing process was
-45° C. In addition, the thickness of the titanium nitride
layer 1n the obtained endless metal ring was 4 um.

[Durability Fatigue Test]

[0039] The endless metal ring obtained 1n Example 1 was
subjected to circumierential length adjustment according to
the production method and laminated to obtain a 9-layered
belt member 20. Two belt members were used and an
clement 30 was disposed as shown 1n FIG. 8 and FIG. 9 to
produce an endless metal belt 100 of Example 1. In addition,
an endless metal belt of Comparative Example 1 was
produced using the endless metal ring of Comparative
Example 1 1n place of the endless metal ring of Example 1
in the above. The durability fatigue test was performed on
the endless metal belts of Example 1 and Comparative
Example 1. In the durability fatigue test, the endless metal
belt was wound around two pulleys, the ring was circulated
while load stress was applied, and the number of cycles until
breakage occurred was measured. The durability fatigue test
was repeatedly performed while changing the load stress.
The results are shown 1n FIG. 7. FIG. 7 1s a graph showing
the durability fatigue test results of the example and the
comparative example, in which the vertical axis represents
the load stress on the ring and the vertical axis represents the
number of cycles until breakage occurred.
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[0040] In addition, in FIG. 7, triangular points indicate
measurement results of the endless metal belt of Example 1,
and circular points indicate the measurement result of Com-
parative Example 1. As shown 1n FIG. 7, it can be under-
stood that the endless metal belt of Example 1 had a lifespan
about 5 times that of the endless metal belt of Comparative
Example 1. In this manner, according to the method of
producing an endless metal ring of the present embodiment,
it can be clearly understood that it 1s possible to obtain an
endless metal belt with reduced constriction of a welded
part, and having excellent fatigue strength and a prolonged
lifespan.
What 1s claimed 1s:
1. A method of producing an endless metal ring, com-
prising:
welding ends of a maraging steel plate such that the
maraging steel plate has a ring shape;
annealing the maraging steel plate with the ring shape in
a furnace at 845° C. or higher; and
nitriding the maraging steel plate that 1s annealed,
wherein, during the annealing, a dew point temperature
indicating an amount of water in the furnace 1s adjusted
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such that a value of the dew point temperature [° C.] 1s
equal to or higher than a value obtained by subtracting
35 from time [min] at an annealing temperature of 845°
C. or higher.

2. The method according to claim 1, wherein

the furnace has a nitrogen gas supply path and a hydrogen

gas supply path,
the nitrogen gas supply path has a branch path with a

water supply source, and
the dew point temperature 1s adjusted by adjusting a flow
rate of nitrogen gas that passes through the branch path.
3. An endless metal ring, comprising:

a maraging steel plate including 5.75 mass % to 6.05 mass

% of molybdenum, 12.0 mass % to 17.0 mass % of
cobalt, 17.0 mass % to 20.0 mass % of nickel, 0.4 mass

% to 0.5 mass % of titanium, 0 mass % to 0.15 mass %
of aluminum, and a remainder including iron and
inevitable impurities,

wherein a thickness of a titamium nitride layer in the
maraging steel plate 1s 2 um or less.

e e e e e



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Description
	Page 10 - Description
	Page 11 - Description
	Page 12 - Description/Claims

