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(54) PISTON FOR VEHICLE ENGINE AND METHOD FOR MANUFACTURING THE SAME

(57) There is provided a method for manufacturing a
piston for a vehicle engine, including: a piston assembling
step of forming a piston assembly by assembling a first
piston part, a bonding member and a second piston part,
wherein the first piston part has two or more bonding
surfaces separated from each other and extended in a
circumferential direction, and the second piston part has
two or more bonding surfaces separated from each other
and extended in the circumferential direction; a piston
diffusion brazing step of diffusion brazing the first piston
part, the bonding member and the second piston part
under an open atmosphere by heating the formed piston
assembly; and a piston cooling step of cooling a piston
unit formed by diffusion brazing the first piston part, the
bonding member and the second piston part. The piston
assembly includes a locking part for maintaining a posi-
tion at which the first and second piston parts are assem-
bled, and the method further includes a locking part re-
moving step of removing the locking part from the cooled
piston unit.
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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims benefit of priority to Ko-
rean Patent Application No. 10-2016-0166492 filed on
Dec. 8, 2016 in the Korean Intellectual Property Office.

BACKGROUND

1. FIELD

[0002] The present disclosure relates to a piston for a
vehicle engine and a method for manufacturing the same,
and more particularly, to a piston for a vehicle engine,
which has a cooling gallery formed therein, and a method
for manufacturing the same.

2. DESCRIPTION OF RELATED ART

[0003] The internal combustion engine of a vehicle in-
cludes a piston made of steel. The piston has a cooling
gallery that rapidly cools high-temperature heat generat-
ed during a fuel combustion process, in order to prevent
a damage of the piston.
[0004] In order to form the cooling gallery, an upper
piston part having a valve pocket and combustion cavity
formed therein and a lower piston part having a piston
skirt and piston pin hole formed therein are separately
manufactured and welded to each other.
[0005] Examples of the method for welding the upper
and lower piston parts to each other may include friction
welding, brazing and the like.
[0006] US Patent Registration No. 6,260,472 discloses
a process of manufacturing a steel piston through friction
welding. However, during a process of welding upper and
lower piston parts through friction welding, flashing may
be formed and remain in a cooling gallery, thereby dis-
turbing a fluid flow in the cooling gallery.
[0007] US Patent Registration No. 8,991,046 discloses
a process of manufacturing a steel piston through brazing
bonding. According to this process, heating and cooling
are performed in a sealed chamber. Thus, the produc-
tivity of the process is inevitably degraded.

SUMMARY

[0008] An object of the present disclosure is to provide
a piston for a vehicle engine and a method for manufac-
turing the same, which can improve productivity.
[0009] According to an embodiment of the present dis-
closure, a method for manufacturing a piston for a vehicle
engine includes: a piston assembling step of forming a
piston assembly by assembling a first piston part, a bond-
ing member and a second piston part, wherein the first
piston part has two or more bonding surfaces separated
from each other and extended in a circumferential direc-

tion, and the second piston part has two or more bonding
surfaces separated from each other and extended in the
circumferential direction; a piston diffusion brazing step
of diffusion brazing the first piston part, the bonding mem-
ber and the second piston part under an open atmos-
phere by heating the formed piston assembly; and a pis-
ton cooling step of cooling a piston unit formed by diffu-
sion brazing the first piston part, the bonding member
and the second piston part. The piston assembly includes
a locking part for maintaining a position at which the first
and second piston parts are assembled, and the method
further includes a locking part removing step of removing
the locking part from the cooled piston unit.
[0010] The locking part may be formed in any one of
the first and second piston parts, and protrude to cover
a portion of the piston part where the locking part is not
formed.
[0011] The locking part may be disposed at a circum-
ference adjacent to a first bonding surface disposed near
the center of the first or second piston part, between the
pair of bonding surfaces formed on the first or second
piston part, and protrude in a direction crossing a plane
formed by the bonding surface.
[0012] The locking part may be disposed at a circum-
ference adjacent to a second bonding surface separated
from a first bonding surface disposed near the center of
the first or second piston part, between the pair of bonding
surfaces formed on the first or second piston part, and
protrude in a direction crossing a plane formed by the
bonding surface.
[0013] A first rounded portion having a predetermined
radius of curvature may be formed between the locking
part and the first or second bonding surface, and a cut
portion formed in an oblique direction or a second round-
ed portion having a predetermined radius of curvature
may be formed at a corner portion of the piston part which
faces the first rounded portion and has no locking part
formed thereon.
[0014] The second rounded portion may have a larger
radius of curvature than the first rounded portion.
[0015] The locking part may be separable from the first
and second piston parts, the locking part may include a
locking part body formed in a ring shape and having may
have through-hole formed therein, the locking part body
has an outer diameter corresponding to the inner diam-
eter of first and second piston-side bonding surface cir-
cumferences, wherein the first piston-side bonding sur-
face circumference is adjacent to a bonding surface dis-
posed near the center between the bonding surfaces of
the first piston part, and the second piston-side bonding
surface circumference is adjacent to a bonding surface
disposed near the center between the bonding surfaces
of the second piston part, and the outer circumferential
surface of the locking part may be in contact with the first
and second piston-side bonding surface circumferences
at the same time, with the locking part disposed in the
piston assembly.
[0016] With the locking part mounted on the piston as-
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sembly, the locking part is disposed in the combustion
cavity, one surface of the locking part body may be dis-
posed in parallel to one surface of the first piston part,
and the other surface of the locking part body may be
supported by the second piston part.
[0017] The piston diffusion brazing step may be per-
formed in a piston manufacturing device which includes
a partially opened heating zone, a heater for providing
heat into the heating zone, and a moving unit moved in
one direction in the heating zone. In the piston diffusion
brazing step, the piston assembly may be heated while
being moved at a predetermined speed through the heat-
ing zone in the one direction by the moving unit.
[0018] The piston diffusion brazing step may include:
a preheating step of heating the piston assembly formed
at room temperature to a preheating temperature from
the room temperature, the preheating temperature being
lower than the melting temperature of the bonding mem-
ber; and a main heating step of diffusion brazing the first
piston part, the bonding member and the second piston
part of the piston assembly by heating the piston assem-
bly heated to the preheating temperature through the pre-
heating step at a main heating temperature higher than
the melting temperature of the bonding member.
[0019] The second piston part may include a piston
skirt and a piston pin hole, and the plurality of piston as-
semblies each including the first piston part, the bonding
member and the second piston part, which are sequen-
tially stacked, may be successively moved by the moving
unit.
[0020] According to another embodiment of the
present disclosure, a piston for a vehicle engine is man-
ufactured by a method for manufacturing a piston for a
vehicle engine, including: a piston assembling step of
forming a piston assembly by assembling a first piston
part, a bonding member and a second piston part, where-
in the first piston part has two or more bonding surfaces
separated from each other and extended in a circumfer-
ential direction, and the second piston part has two or
more bonding surfaces separated from each other and
extended in the circumferential direction; a piston diffu-
sion brazing step of diffusion brazing the first piston part,
the bonding member and the second piston part under
an open atmosphere by heating the formed piston as-
sembly; and a piston cooling step of cooling a piston unit
formed by diffusion brazing the first piston part, the bond-
ing member and the second piston part. The piston as-
sembly includes a locking part for maintaining a position
at which the first and second piston parts are assembled,
and the method further comprises a locking part remov-
ing step of removing the locking part from the cooled
piston unit
[0021] According to the embodiments of the present
disclosure, since the piston for a vehicle engine and the
method for manufacturing the same can improve the pro-
ductivity, a large quantity of pistons for a vehicle engine
can be manufactured at a lower cost for a shorter time.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIG. 1 illustrates a cross-section of a piston for a
vehicle engine according to an embodiment of the
present disclosure.
FIG. 2 illustrates a state before upper and lower pis-
ton parts of the piston of FIG. 1 are assembled.
FIG. 3 illustrates a piston assembly in which the up-
per piston part, the lower piston part and a bonding
member of FIG. 2 are assembled.
FIG. 4 is an expanded view of a portion VI of FIG. 3.
FIG. 5 illustrates the bonding member of FIG. 1.
FIG. 6 illustrates a process in which the piston as-
sembly of FIG. 3 is diffusion brazed in a piston man-
ufacturing device.
FIG. 7 illustrates an internal temperature distribution
of the piston manufacturing device of FIG. 6.
FIG. 8 is a cross-sectional view illustrating that the
piston assembly is held by a jig when the piston as-
sembly is seated in the piston manufacturing device
of FIG. 6.
FIGS. 9A and 9B illustrate the metal texture sizes of
the piston before and after the piston manufacturing
process by the piston manufacturing device of FIG.
6.
FIG. 10 is a cross-sectional views illustrating the
cooling gallery of the piston unit formed by diffusion
brazing the piston assembly in the piston manufac-
turing device of FIG. 6.
FIG. 11 is an expanded view of a portion XI of FIG. 10.
FIG. 12 illustrates a method for manufacturing a pis-
ton for a vehicle engine according to an embodiment
of the present disclosure.
FIG. 13 illustrates that a piston assembly is assem-
bled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing
a piston for a vehicle engine according to another
embodiment of the present disclosure.
FIG. 14 illustrates that a piston assembly is assem-
bled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing
a piston for a vehicle engine according to still another
embodiment of the present disclosure.
FIG. 15 is an expanded view of a portion XV of FIG.
14.
FIG. 16 illustrates that a piston assembly is assem-
bled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing
a piston for a vehicle engine according to still another
embodiment of the present disclosure.
FIG. 17 illustrates that a piston assembly is assem-
bled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing
a piston for a vehicle engine according to still another
embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0023] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings, such that this disclosure will be thorough
and complete and fully convey the scope of the present
disclosure to those skilled in the art.
[0024] The present disclosure may be implemented in
various manners, and is not limited to embodiments de-
scribed herein. In the drawings, components which are
not related to the descriptions are omitted in order to
clearly describe the present disclosure. Throughout the
specification, like reference numerals refer to like com-
ponents. Furthermore, since the sizes and thickness of
components in the drawings are arbitrarily set for con-
venience of description, they are not limited to the draw-
ings.
[0025] In the present disclosure, "over/on" indicates
that an element is positioned over or under a target mem-
ber, and does not necessarily indicate that the element
is positioned over/on the target member based on the
direction of gravity. Throughout the specification, when
an element is referred to as "including" a component, it
may indicate that the element does not exclude another
component but can include another component, unless
referred to the contrary.
[0026] Hereafter, a piston for a vehicle engine and a
method for manufacturing the same according to embod-
iments of the present disclosure will be described in detail
with reference to the accompanying drawings.
[0027] FIG. 1 illustrates a cross-section of a piston for
a vehicle engine according to an embodiment of the
present disclosure.
[0028] Referring to FIG. 1, the piston 1 for an engine
vehicle according to the embodiment of the present dis-
closure includes a piston body 100 formed by diffusion
brazing first and second piston parts 110 and 120 (refer
to FIG. 2) to each other, the first and second piston parts
110 and 120 being made of forged steel such as precip-
itation-hardened ferrite-pearlite steel (AFP steel) or heat
treated steel such as 42CrMO4. The piston body 100 has
a cooling gallery 140 formed in the top thereof, the cooling
gallery 140 serving to cool high-temperature heat gen-
erated through a combustion process in a cylinder. The
piston body 100 has a pin hole 126 formed at the bottom
thereof, such that a piston skirt 125 and a piston pin (not
illustrated) are housed in the pin hole 126.
[0029] In order to form the cooling gallery 140 of the
piston 1 for a vehicle engine according to the embodiment
of the present disclosure, each of the first and second
piston parts 110 and 120 has a plurality of bonding sur-
faces formed thereon, and the bonding surfaces of the
first and second piston parts 110 and 120, facing each
other, are bonded to form the cooling gallery 140 in the
piston body 100.
[0030] FIG. 2 illustrates a state before upper and lower
piston parts of the piston for the vehicle engine of FIG. 1
are assembled, and FIG. 3 illustrates a piston assembly

in which the upper piston part, the lower piston part and
a bonding member of FIG. 2 are assembled. FIG. 4 is an
expanded view of a portion VI of FIG. 3, and FIG. 5 illus-
trates the bonding member of FIG. 1.
[0031] Referring to FIGS. 2 to 5, the first piston part
110 forms the upper portion of the piston 1, a combustion
cavity 115 is formed in the center of the first piston part
110, and first and second bonding surfaces 112 and 113
extended in the circumferential direction and separated
from each other are formed on the bottom surface of the
first piston part 110. Between the first and second bond-
ing surfaces 112 and 113, a first groove 114 is formed.
The second bonding surface 113 is disposed at an inner
position closer to the center of the first piston part 110
than the first bonding surface 112.
[0032] The second piston part 120 forms the lower por-
tion of the piston 1, and the piston skirt 125 and the piston
pin hole 126 are formed in the second piston part 120.
[0033] Like the first piston part 110, the second piston
part 120 has third and fourth bonding surfaces 122 and
123 formed at the top surface thereof, the third and fourth
bonding surfaces 122 and 123 being extended in the cir-
cumferential direction and separated from each other.
Between the third and fourth bonding surfaces 122 and
123, a second groove 124 is formed. The fourth bonding
surface 123 is disposed at an inner position closer to the
center of the second piston part 120 than the third bond-
ing surface 122.
[0034] Furthermore, a locking part 127 protrudes up-
ward from the edge of the third bonding surface 122,
which is separated from the second groove 124. The lock-
ing part 127 is formed along the circumferential direction
or formed in a ring shape. The locking part 127 has an
outer diameter corresponding to the diameter of the com-
bustion cavity 115 formed through the center of the first
piston part 110.
[0035] With the first and second piston parts 110 and
120 assembled to each other before diffusion brazing,
the locking part 127 of the second piston part 120 may
be inserted into the combustion cavity 115 of the first
piston part 110 so as to cover a portion of the first piston
part 110 or specifically the inner circumference of the first
piston part 110, which makes it possible to maintain the
state in which the first and second piston parts 110 and
120 are matched with each other.
[0036] Meanwhile, the first piston part 110 has a first
cut portion 118 which is obliquely formed at the inner
circumference thereof, that is, at the inner end of the sec-
ond bonding surface 113, and a rounded portion 128 hav-
ing a predetermined curvature radius of 0.2 mm to 0.7
mm, for example, is formed at the connection between
the locking part 127 and the fourth bonding surface 123
of the second piston part 120. Furthermore, the locking
part 127 has a second cut portion 129 formed at the upper
end thereof, the second cut portion 129 being obliquely
formed toward the inner circumference of the first piston
part 110.
[0037] The first cut portion 118, the second cut portion
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129 and the rounded portion 128 can prevent an inter-
ference between the first and second piston parts 110
and 120 during an assembling process. Thus, an assem-
bling and diffusion brazing process between the first and
second piston parts 110 and 120 can be smoothly per-
formed.
[0038] In the present embodiment, it has been de-
scribed that the locking part 127 is formed in the second
piston part 120. However, the locking part 127 may be
formed in the first piston part 110, or formed at the outer
circumference of the first or second piston part 110 or
120.
[0039] With the first and second piston parts 110 and
120 assembled to each other before diffusion brazing, a
bonding member 130 is disposed between the first and
second piston parts 110 and 120.
[0040] The bonding member 130 includes a bonding
member body 131 formed in a circular plate shape, and
has a through-hole 132 formed in the center of the bond-
ing member body 131. The bonding member 130 may
be formed of a nickel-based alloy, for example. In the
present embodiment, the bonding member 130 may be
formed of a tertiary nickel filler metal. For example, the
bonding member 130 may be provided as a metal thin
film with a thickness of 50um to 200um.
[0041] The bonding member body 131 has a diameter
corresponding to the diameter of the bottom surface of
the first piston part 110 or the top surface of the second
piston part 120, and the through-hole 132 has a diameter
corresponding to the diameter of the locking part 127
formed in the second piston part 120. Therefore, with the
first piston part 110, the bonding member 130 and the
second piston part 120 assembled to form a piston as-
sembly, an arrangement interference between the bond-
ing member 130 and the locking part 127 can be sup-
pressed.
[0042] When the first piston part 110, the bonding
member 130 and the second piston part 120 are assem-
bled to form the piston assembly, one surface of the bond-
ing member 130 is in contact with the first and second
bonding surfaces 112 and 113 of the first piston part 110,
and the other surface of the bonding member 130 is in
contact with the third and fourth bonding surfaces 122
and 123 of the second piston part 120. The first and sec-
ond bonding surfaces 112 and 113 face the third and
fourth bonding surfaces 122 and 123, respectively, with
the bonding member 130 interposed therebetween. Be-
tween the first groove 114 of the first piston part 110 and
the second groove 124 of the second piston part 120, a
portion of the bonding member 130 is positioned.
[0043] When the bonding surfaces 112 and 113 and
the bonding surfaces 122 and 123 are joined to each
other by heating and diffusion brazing the first piston part
110, the bonding member 130 and the second piston part
120, the first groove 114 of the first piston part 110 and
the second groove 124 of the second piston part 120
form the cooling gallery 140. At this time, the portion of
the bonding member 130, which had been disposed be-

tween the first and second grooves 114 and 124, may
be diffused to the inside of the cooling gallery 140, there-
by forming a diffusion layer 150 (refer to FIG. 10) on the
inner surface of the cooling gallery 140, the diffusion layer
150 containing a heterogeneous metal, for example, a
nickel-based alloy.
[0044] Hereafter, a process of manufacturing the pis-
ton 1 according to the embodiment of the present disclo-
sure will be described in detail.
[0045] FIG. 6 illustrates a process in which the piston
assembly of FIG. 3 is brazed in a piston manufacturing
device, and FIG. 7 illustrates an internal temperature dis-
tribution of the piston manufacturing device of FIG. 6.
[0046] In the following descriptions, the piston assem-
bly indicates a state in which the first piston part 110, the
bonding member 130 and the second piston part 120 are
assembled to each other before diffusion brazing, and a
piston unit indicates a state in which the first and second
piston parts 110 and 120 of the piston assembly are
joined to each other in the piston manufacturing device
200 (refer to FIG. 6) through a heating process.
[0047] Referring to FIGS. 6 and 7, the piston manufac-
turing device 200 for manufacturing the piston 1 accord-
ing to the present embodiment includes a manufacturing
device body 210, a heater 230 and a moving unit 220.
The manufacturing device body 210 includes a heating
zone Z1 and Z2 and a cooling zone Z3 and Z4 which are
partially opened, the heater 230 provides heat to the heat-
ing zone Z1 and Z2, and the moving unit 220 is moved in
one direction through the heating zone Z1 and Z2 and the
cooling zone Z3 and Z4, with the piston assembly seated
on the moving unit 220.
[0048] The heating zone Z1 and Z2 communicates with
the outside of the piston manufacturing device 200
through a first opening 211 so as to form an open atmos-
phere, and communicates with the cooling zone Z3 and
Z4 through a second opening 212. That is, the heating
zone Z1 and Z2 are formed as a heating furnace which
is partially opened.
[0049] At this time, the first and second openings 211
and 212 may be formed so as not to open the entire
heating zone Z1 and Z2. In other words, the first and sec-
ond openings 211 and 212 may partially open the heating
zone Z1 and Z2 such that the moving unit 220 and the
piston assembly can be moved.
[0050] The heating zone Z1 and Z2 includes a preheat-
ing zone Z1 and a main heating zone Z2 which commu-
nicate with each other. The preheating zone Z1 is located
at the front of the heating zone Z1 and Z2 or located ad-
jacent to the first opening 211, and the main heating zone
Z2 may be disposed at the rear of the preheating zone Z1.
[0051] The preheating zone Z1 includes a plurality of
sub preheating zones Z11 to Z14 disposed in the moving
direction of the moving unit 220.
[0052] Similarly, the main heating zone Z2 includes a
plurality of sub main heating zones Z21 to Z24 disposed
in the movement direction of the moving unit 220.
[0053] The heater 230 provides high-temperature heat
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generated by electricity or combustion to the heating
zone Z1 and Z2, and includes a plurality of heating units
231 to 238. The piston assemblies moved at a predeter-
mined speed through the heating zone Z1 and Z2 may
be successively preheated by the heat supplied from the
heater 230, and then brazed.
[0054] At this time, the plurality of heating units 231 to
238 may be arranged in the plurality of sub preheating
zones Z11 to Z14 and the plurality of sub main heating
zones Z21 to Z24, respectively, and each of the heating
units 231 to 238 may provide a different amount of heat
from the other heating units, such that the internal tem-
peratures of the sub preheating zones Z11 to Z14 and the
sub main heating zones Z21 to Z24 are different from one
another. The sub preheating zones Z11 to Z14 and the
sub main heating zones Z21 to Z24 may have the same
length in one direction or specifically in the movement
direction of the moving unit 220. Therefore, while the pis-
ton assembly is moved by the moving unit 220, the piston
assembly stays in each of the sub preheating zones Z11
to Z14 and the sub main heating zones Z21 to Z24 for the
same time.
[0055] In the present embodiment, the internal temper-
ature of the first sub preheating zone Z11 of the sub pre-
heating zones Z11 to Z14 may be set to a first preheating
temperature Temp1, the internal temperature of the sec-
ond sub preheating zone Z12 may be set to a second
preheating temperature Temp2, the internal temperature
of the third sub preheating zone Z13 may be set to the
second preheating temperature Temp2, and the internal
temperature of the fourth sub preheating zone Z14 may
be set to a third preheating temperature Temp3.
[0056] The first to third preheating temperatures
Temp1 to Temp3 have a relation of Temp1 < Temp2 <
Temp3. The first to third preheating temperatures Temp1
to Temp3 are lower than the melting temperature of the
bonding member 130, and the third preheating temper-
ature Temp3 is close to the melting temperature of the
bonding member 130.
[0057] For example, the first preheating temperature
Temp1 may range from 500°C to 800°C, and the second
and third preheating temperatures Temp2 and Temp3
may range from 800°C to 1,200°C.
[0058] That is, since the piston assembly is preheated
in the preheating zones Z11 to Z14, the temperature of
the entire area of the bonding member 130 assembled
to the piston assembly may uniformly rise to a tempera-
ture close to the melting temperature.
[0059] Meanwhile, the internal temperatures of the re-
spective sub main heating zones Z11 to Z14 are uniformly
maintained at a main heating temperature Temp4. At this
time, the main heating temperature Temp4 is higher than
the melting temperature of the bonding member 130, and
may range from 1, 000°C to 1, 300°C, for example.
[0060] In the present embodiment, the bonding mem-
ber 130 may be made of a tertiary nickel filler metal. In
this case, the melting temperature of the bonding mem-
ber 130 may range from 950°C to 1,070°C, for example.

The first to third preheating temperatures Temp1 to
Temp3 are set to lower temperatures than the range of
950°C to 1, 070°C, which corresponds to the melting tem-
perature of the bonding member 130, and the main heat-
ing temperature Temp4 is set to a higher temperature
than the melting temperature.
[0061] While the piston assembly is subjected to the
main heating step in the main heating zone Z2, the bond-
ing member 130 disposed between the first and second
piston parts 110 and 120 of the piston assembly is melted
and diffused into the first and second piston parts 110
and 120, such that the bonding surfaces 112 and 113 of
the first piston part 110 and the bonding surfaces 122
and 123 of the second piston part 120 are reliably brazed
to each other.
[0062] The cooling zone Z3 and Z4 includes a first cool-
ing zone Z3 and a second cooling zone Z4 communicating
with the first cooling zone Z3.
[0063] The first cooling zone Z3 communicates with the
heating zone Z1 and Z2 through the second opening 212,
and the piston unit moved to the first cooling zone Z3
through the second opening 212 is subjected to a first
cooling step. The internal temperature of the first cooling
zone Z3 rapidly decreases toward the rear side or the
second cooling zone Z4 from the front side or the second
opening 212. That is, the internal temperature of the first
cooling zone Z3 decreases from the main heating tem-
perature Temp4 to a cooling temperature Temp5. At this
time, the cooling temperature Temp5 may range from
10°C to 100°C, for example. Therefore, the piston unit is
rapidly cooled through the first cooling step.
[0064] At this time, in order to rapidly lower the internal
temperature of the first cooling zone Z3, low-temperature
cooling gas may be supplied to the first cooling zone Z3.
[0065] The internal temperature of the second cooling
zone Z4 is maintained at a cooling temperature Temp5,
and the piston unit is subjected to a second cooling step
in the second cooling zone Z4. At the second cooling
step, the piston unit may be cooled at a lower speed than
at the first cooling step. The second cooling zone Z4 may
communicate with the outside through a third opening
213.
[0066] The length of the second cooling zone Z4 in the
one direction is larger than the length of the first cooling
zone Z3 in the one direction. Therefore, when the piston
unit is moved through the first and second cooling zones
Z3 and Z4 at the same speed, the second cooling step
performed in the second cooling zone Z4 may be per-
formed for a longer time than the first cooling step. For
example, the time during which one piston unit stays in
the first cooling zone Z3 may be two to four times longer
than the time during which the same piston unit stays in
the second cooling zone Z4.
[0067] In the present embodiment, the cooling zone Z3
and Z4 is described as a closed space except the second
and third openings 212 and 213. However, the entire
cooling zone Z3 and Z4 may be formed as an open at-
mosphere without the third opening 213.
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[0068] The moving unit 220 moves the piston assembly
in one direction, such that the piston assembly is brazed
and cooled while being moved through the heating zone
Z1 and Z2 and the cooling zone Z3 and Z4.
[0069] The moving unit 220 may include a moving
mechanism using a conveyer belt, for example, and have
a conveyer belt 221 and power units 222 and 223. The
conveyer belt 221 is moved in one direction with the plu-
rality of piston assemblies seated thereon, and the power
units 222 and 223 provide a rotational force to move the
conveyer belt 221 in the one direction. The conveyer belt
221 according to the present embodiment may be moved
at a speed of 5 to 30cm/min, for example.
[0070] Between the top surface of the conveyer belt
221 and the piston assembly, a plate-shaped seating
member 400 is disposed. Thus, the piston assembly may
be stably seated on the seating member 400 while a dam-
age of the piston assembly is prevented.
[0071] The piston assembly including the first piston
part 110, the bonding member 130 and the second piston
part 120, which are sequentially stacked therein, is seat-
ed on the conveyer belt 221. That is, the piston assembly,
in which the first piston part 110 having the combustion
cavity 115 formed therein is positioned at the bottom and
the second piston part 120 having the piston skirt 125
and the pin hole 216 formed therein is positioned at the
top, is seated on the conveyer belt 221. The boundary
surface between the first and second piston parts 110
and 120 may be located at a lower position than the center
of gravity of the piston assembly, such that the piston
assembly can be more stably transferred.
[0072] Meanwhile, when the heating zone Z1 and Z2
of the piston manufacturing device 200 is partially
opened, the surface of the piston assembly may be oxi-
dized while the piston assembly is subjected to the high-
temperature heating step in the opened heating zone Z1
and Z2.
[0073] Therefore, the piston manufacturing device 200
which performs the method for manufacturing a piston
according to the embodiment of the present disclosure
further includes a gas mixture supply unit 240. The gas
mixture supply unit 240 supplies a gas mixture into the
heating zone Z1 and Z2, and the gas mixture supplied to
the heating zone Z1 and Z2 suppresses an oxidation of
the piston assemblies moved through the heating zone
Z1 and Z2, and is discharged to the outside.
[0074] The gas mixture supply unit 240 has a supply
flow path f1 that is formed downward from a gas discharge
port (not illustrated) disposed between the third and
fourth sub main heating zones Z23 and Z24, for example.
That is, the supply flow path f1 of the gas mixture is dis-
posed at the rear of the heating zone Z1 and Z2 adjacent
to the cooling zone Z3 and Z4.
[0075] The gas mixture introduced into the heating
zone Z1 and Z2 may be discharged to the outside through
a discharge flow path f11 and f12 in the heating zone Z1
and Z2, facing the first and second openings 211 and 212.
[0076] The gas mixture may include a gas mixture of

nitrogen and hydrogen, for example. In this case, a com-
bustion unit (not illustrated) for removing the hydrogen
may be installed at the first and second openings 211
and 212 or the third opening 213. Since nitrogen is an
inert gas and hydrogen is a reduction gas, the gas mixture
according to the present embodiment may be supplied
to the heating zone Z1 and Z2, in order to suppress an
oxidation of the piston assemblies during the heating
process.
[0077] In the present embodiment, since the piston as-
semblies are successively transferred into the piston
manufacturing device 200 and then brazed and cooled
therein, the productivity can be further improved.
[0078] Meanwhile, when the method for manufacturing
a piston according to the present embodiment is applied,
the matching state of the piston needs to be maintained
because the piston assembly is heated and brazed while
being moved by the moving unit 220. Hereafter, a con-
figuration for maintaining the matching state of the piston
assembly while the piston assembly is moved will be de-
scribed in detail.
[0079] FIG. 8 is a cross-sectional view illustrating that
the piston assembly is held by a jig when the piston as-
sembly is seated in the piston manufacturing device of
FIG. 6.
[0080] Referring to FIG. 8, the piston assembly assem-
bled through the manufacturing method according to the
present embodiment is seated on the conveyer belt 221
of the piston manufacturing device 200, and a jig 300 is
installed on the piston assembly to press the second pis-
ton part 120 against the first piston part 110. Thus, the
matching state of the piston assembly may be stably
maintained.
[0081] The jig 300 includes a first jig 310 and a second
jig 320 which are made of a heavy-weight metallic ma-
terial.
[0082] The first jig 310 is disposed at the center hole
160 of the second piston part 120, and presses the sec-
ond piston part 120 against the first piston part 110.
[0083] The second jig 320 includes a second jig body
321 having a through-hole 323 formed therein and a pair
of pressing parts 322 which extend downward from both
ends of the second jig body 321 and are in contact with
one surface of the head part 129 of the second piston
part 120. With the second jig 320 installed on the piston
assembly, the second jig body 321 is separated at a pre-
determined distance from the piston assembly. Through
the through-hole 323 formed in the second jig body 321,
the heat of the heating zone Z1 and Z2 may be smoothly
transmitted to the piston assembly.
[0084] According to the present embodiment, the jig
300 may provide a uniform pressing force for the piston
assembly while the first jig 310 of the jig 300 presses the
central portion of the piston assembly and the second jig
320 presses the edge portion of the piston assembly.
[0085] FIGS. 9A and 9B illustrate the metal texture siz-
es of the piston before and after the piston manufacturing
process by the piston manufacturing device of FIG. 6.
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[0086] FIG. 9A is an optical microscope image of a
metal texture formed at a cross-section of the piston as-
sembly, before the piston 1 according to the present em-
bodiment is subjected to diffusion brazing, and FIG. 9B
is an optical microscope image of a metal texture formed
at a cross-section of the piston unit, after the piston 1 is
subjected to diffusion brazing and cooling.
[0087] Referring to FIGS. 9A and 9B, a pearlite struc-
ture G1 in the metal texture formed in the first or second
piston part 110 and/or 120 has a grain size corresponding
to a first size W1, before the manufacturing process by
the method for manufacturing a piston according to the
present embodiment.
[0088] After the manufacturing process, a pearlite
structure G2 in the metal texture formed in the piston unit
has a grain size corresponding to a second size W2.
[0089] At this time, the first size W1 is larger than the
second size W2. For example, the first size W1 ranges
from 64 um to 90 um, and the second size W2 ranges
from 32um to 45um.
[0090] Furthermore, the hardness of the piston 1 sub-
jected to the manufacturing process by the piston man-
ufacturing method according to the present embodiment
has risen by about 2% to 5% from the hardness of the
piston assembly before the manufacturing process.
[0091] When the piston manufacturing method accord-
ing to the present embodiment is applied, the particle
size of the metal texture of the piston 1 is reduced while
the hardness thereof is increased.
[0092] FIG. 10 is a cross-sectional views illustrating
the cooling gallery of the piston unit formed by diffusion
brazing the piston assembly in the piston manufacturing
device of FIG. 6, and FIG. 11 is an expanded view of a
portion XI of FIG. 10.
[0093] Referring to FIG. 10 and 11, the cooling gallery
140 of the piston 1 manufactured through the manufac-
turing method according to the present embodiment has
a diffusion layer 150 formed on the inner surface thereof,
the diffusion layer 150 being formed by diffusion of a por-
tion of the bonding member 130.
[0094] The diffusion layer 150 may include a hetero-
geneous metal made of a nickel-based alloy contained
in the bonding member 130. The formation of the diffusion
layer 150 on the inner surface of the cooling gallery 140
can improve the heat conductivity and corrosion resist-
ance of the cooling gallery 140.
[0095] Meanwhile, the piston body of the piston 1 has
a bonding interface I formed in parallel to the top surface
of the piston body and passing through the cooling gallery
140.
[0096] The bonding interface I is formed through a
bonding between the bonding surfaces of the first and
second piston parts 110 and 120, as the bonding member
130 is melted and diffused. From the center A of the bond-
ing interface I toward the outside B of the bonding inter-
face I, the concentration of the metal which is different
from the material of the piston body formed of steel, for
example, nickel decreases.

[0097] Table 1 shows data obtained by analyzing the
components of the bonding interface of the piston of FIG.
11.

[0098] That is, when the piston manufacturing method
according to the present embodiment is applied, metal
diffusion may be smoothly performed at the bonding in-
terface I where the bonding member 130 had been dis-
posed. Therefore, the first and second piston parts 110
and 120 may be stably brazed.
[0099] FIG. 12 illustrates a method for manufacturing
a piston for a vehicle engine according to an embodiment
of the present disclosure.
[0100] Referring to FIG. 12, the method for manufac-
turing a piston for a vehicle engine according to the
present embodiment begins with a piston installation step
S100 of aligning the first piston part 110, the bonding
member 130 and the second piston part 120 to assemble
the piston assembly.
[0101] Then, the jig 300 is installed on the piston as-
sembly, in order to stably maintain the alignment state
of the piston assembly, at a jig installation step S200.
[0102] Then, the piston assemblies are seated on the
conveyer belt 221 of the piston manufacturing device
200, and successively brazed while being heated in the
heating zone Z1 and Z2 of the piston manufacturing de-
vice 200, at a piston diffusion brazing step S300.
[0103] The piston diffusion brazing step S300 includes
a preheating step of heating the piston assembly almost
to the melting point of the bonding member 130 and a
main heating step of heating the piston assembly pre-
heated through the preheating step at a main heating
temperature higher than the melting temperature of the
bonding member 130, such that the first and second pis-
ton parts 110 and 120 are brazed to each other by diffu-
sion of the bonding member 130.
[0104] At this time, the main heating temperature is
higher than the melting temperature of the bonding mem-
ber 130 or lower than the melting temperature of the base
material, that is, the first and second piston parts 110 and
120.
[0105] Then, the piston unit formed by diffusion brazing
the piston assembly is cooled at a piston cooling step
S400.
[0106] The piston cooling step S400 includes a first
cooling step of rapidly cooling the piston unit which has
been heated to the main heating temperature through
the main heating step and a second cooling step of cool-
ing the piston unit cooled through the first cooling step
to the cooling temperature.
[0107] Then, the locking part 127 protruding toward

[Table 1]

Location C (%) Si (%) Fe (%) Ni (%)

A 1.83 8.98 14.34 74.56

B 1.36 2.21 42.13 54.3
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the combustion cavity 115 of the piston unit which has
been completely cooled is removed to process the piston
unit, at a piston processing step S500. The piston
processing step S500 may include a cutting work, for
example. At this time, the piston processing step S500
may also be referred to as a locking part removing step.
[0108] Meanwhile, in the present embodiment, the
method for manufacturing a piston includes the piston
processing step S50 of removing the locking part 127
through a cutting process. However, when the locking
part 127 does not protrude to the outside and the assem-
bling of the first and second piston parts 110 and 120 is
maintained, the locking part 127 may not be removed at
the piston processing step S500.
[0109] According to the present embodiment, the pis-
ton made of steel can be manufactured through the braz-
ing method. Thus, the upper and lower piston parts can
be brazed to each other without flashing.
[0110] Furthermore, as the piston manufacturing proc-
ess is performed under an open atmosphere, the diffu-
sion brazing of the piston can be successively performed
to improve the manufacturing efficiency of the piston.
[0111] Although various embodiments have been de-
scribed for illustrative purposes, it will be apparent to
those skilled in the art that various changes and modifi-
cations may be made without departing from the spirit
and scope of the invention.
[0112] Hereafter, other embodiments of the present
disclosure will be described. The following embodiments
have the same configuration as the method for manufac-
turing a piston for a vehicle engine, which has been de-
scribed with reference to FIGS. 1 to 12, except the struc-
ture of the locking part. Thus, the following descriptions
will be focused on the specific characteristics of the
present embodiments.
[0113] FIG. 13 illustrates that a piston assembly is as-
sembled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing a
piston for a vehicle engine according to another embod-
iment of the present disclosure.
[0114] Referring to FIG. 13, a piston 5 which is assem-
bled through an assembling step of the method for man-
ufacturing a piston for a vehicle engine according to the
present embodiment includes a first piston part 510 and
a second piston part 520. The first and second piston
parts 510 and 520 are heated and brazed to each other,
with a bonding member (not illustrated) interposed be-
tween the first and second piston parts 510 and 520 as-
sembled to each other.
[0115] The first piston part 510 includes first and sec-
ond bonding surfaces 512 and 513 and a first groove
disposed between the first and second bonding surfaces
512 and 513, the second piston part 520 includes a third
bonding surface 522 facing the first bonding surface 512,
a fourth bonding surface 523 facing the second bonding
surface 513, and a second groove disposed between the
third and fourth bonding surfaces 522 and 523. With the
first and second piston parts 510 and 520 welded or

brazed to each other, for example, the first and second
grooves communicate with each other to form a cooling
gallery 540.
[0116] The first piston part 510 of the piston 5 according
to the present embodiment further includes a locking part
517.
[0117] The locking part 517 is formed at the edge of
the second bonding surface 513 disposed near the center
of the first piston part 510, and protrudes in a direction
crossing the plane formed by the second bonding surface
513 or desirably a vertical direction. That is, the locking
part 517 is formed at a position closer to the center of
the first piston part 510 than the second bonding surface
513, and protrudes in the vertical direction from the first
piston part 510 toward the second piston part 520.
[0118] With the first and second piston parts 510 and
520 assembled to each other, the locking part 517 covers
the inner circumference of the second piston part 520,
that is, the circumference adjacent to the fourth bonding
surface 523. For example, the locking part 517 may have
a ring shape corresponding to a ring shape formed by
the circumference adjacent to the second bonding sur-
face 513.
[0119] The positions of the first to fourth bonding sur-
faces 512, 513, 522 and 524 of the piston 5 according to
the present embodiment may be exchanged with each
other. In other words, the first and third bonding surfaces
512 and 522 of the piston 5 according to the present
embodiment are disposed adjacent to the outer circum-
ferences of the first and second piston parts 510 and 520,
respectively, and the second and fourth bonding surfaces
513 and 523 are disposed adjacent to the centers of the
first and second piston parts 510 and 520, respectively.
However, the first and third bonding surfaces 512 and
522 may be disposed adjacent to the centers of the first
and second piston parts 510 and 520, respectively, and
the second and fourth bonding surfaces 513 and 523
may be disposed adjacent to the outer circumferences
of the first and second piston parts 510 and 520, respec-
tively.
[0120] FIG. 14 illustrates that a piston assembly is as-
sembled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing a
piston for a vehicle engine according to still another em-
bodiment of the present disclosure, and FIG. 15 is an
expanded view of a portion XV of FIG. 14.
[0121] Referring to FIG. 14, a piston 6 which is assem-
bled through an assembling step of the method for man-
ufacturing a piston for a vehicle engine according to the
present embodiment includes a first piston part 610 and
a second piston part 620. The first and second piston
parts 610 and 620 are heated and welded to each other,
with a bonding member (not illustrated) interposed be-
tween the first and second piston parts 610 and 620 as-
sembled to each other.
[0122] The first piston part 610 has first and second
bonding surfaces 612 and 613 formed thereon, and the
second piston part 620 has third and fourth bonding sur-
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faces 622 and 623 formed thereon. With the first and
second piston parts 610 and 620 welded to each other,
a cooling gallery 640 is formed between the first and sec-
ond piston parts 610 and 620.
[0123] The second piston part 620 further includes a
locking part 627.
[0124] The locking part 627 is formed at the edge of
the third bonding surface 622 disposed at the outer cir-
cumference of the second piston part 620, and protrudes
in a direction crossing the plane formed by the third bond-
ing surface 622 or desirably a vertical direction. That is,
the locking part 627 is formed at a position protruding
toward the outer circumference of the second piston part
620 from the third bonding surface 622, and protrudes in
the vertical direction from the second piston part 620 to-
ward the first piston part 610.
[0125] With the first and second piston parts 610 and
620 assembled to each other, the locking part 627 covers
the outer circumferential surface of the first piston part
610, that is, the circumference adjacent to the first bond-
ing surface 612. For example, the locking part 627 may
have a ring shape corresponding to a ring shape formed
by the circumference adjacent to the third bonding sur-
face 622, that is, the outer circumference of the second
piston part 620.
[0126] The locking part 627 and the counterpart piston
part 610 facing the locking part 627 has a rounded portion
and/or cut portion formed at the corners thereof, the cut
portion being formed by cutting the corner.
[0127] The corners of the locking part 627 of the piston
6 according to the present embodiment and the first pis-
ton part 610 facing the locking part 627 may be rounded.
[0128] Hereafter, the above-described structure will be
described in detail.
[0129] Referring to FIG. 15, a bonding interface I is
formed between the first and second piston parts 610
and 620 of the piston 6 manufactured through the piston
manufacturing method according to the present embod-
iment. Furthermore, a first rounded portion 629 having a
predetermined radius of curvature is formed between the
locking part 627 and the third bonding surface 622 of the
second piston part 620, and a second rounded portion
619 having a predetermined radius of curvature is formed
at an edge corner of the first piston part 610, adjacent to
the first bonding surface 612. With the first and second
piston parts 610 and 620 assembled or welded to each
other, the second rounded portion 619 faces the first
rounded portion 629.
[0130] The first rounded portion 629 has a different ra-
dius of curvature from the second rounded portion 619.
[0131] More specifically, the second rounded portion
619 has a larger radius of curvature than the first rounded
portion 629. In other words, the second rounded portion
619 has a smaller curvature than the first rounded portion
629.
[0132] When the corner portion of the first piston part
610 is in contact with the corner portion of the second
piston part 620, the other portions of the first and second

piston parts 610 and 620 excluding the corner portions
may be relatively separated from each other while the
first and second piston parts 610 and 620 are assembled
to each other, which makes it possible to degrade the
diffusion brazing of the piston 6. Therefore, when the first
rounded portion 629 where the locking part 627 of the
piston 6 according to the present embodiment is formed
has a smaller radius of curvature than the second round-
ed portion 619, a direct contact between the second
rounded portion 619 and the first rounded portion 629
during the diffusion brazing process can be prevented.
[0133] Meanwhile, at the other edge of the third bond-
ing surface 622 of the second piston part 620, that is, the
opposite corner of the corner where the second rounded
portion 619 is formed, a cut portion 628 is obliquely
formed.
[0134] FIG. 16 illustrates that a piston assembly is as-
sembled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing a
piston for a vehicle engine according to still another em-
bodiment of the present disclosure.
[0135] Referring to FIG. 16, the piston 7 according to
the present embodiment includes a first piston part 710
having first and second bonding surfaces 712 and 713
and a second piston part 720 having third and fourth
bonding surfaces 722 and 723, and has a cooling gallery
740 formed between the first and second piston parts
710 and 720. Furthermore, a bonding member (not illus-
trated) may be disposed between the bonding surfaces
712 and 713 of the first piston part 710 and the bonding
surfaces 722 and 723 of the second piston part 720. For
convenience of description, however, the description of
the bonding member is omitted in FIG. 16.
[0136] In the method for manufacturing a piston for a
vehicle engine according to the present embodiment, a
locking part 750 formed as a separate member which
can be detached from the piston 7 maintains a matching
state between the first and second piston parts 710 and
720 assembled to each other.
[0137] More specifically, the locking part 750 includes
a locking part body 751 formed in a ring shape and having
a through-hole 752 formed in the center thereof.
[0138] The locking part body 751 has an outer diameter
corresponding to the inner diameter of a first piston-side
bonding surface circumference 719 and a second piston-
side bonding surface circumference 729. The first piston-
side bonding surface circumference 719 is adjacent to
the second bonding surface 713 disposed near the center
between the bonding surfaces 712 and 713 of the first
piston part 710, and the second piston-side bonding sur-
face circumference 729 is adjacent to the fourth bonding
surface 723 disposed at the center between the bonding
surfaces 722 and 723 of the second piston part 720.
[0139] With the locking part 750 disposed on the piston
assembly in which the first piston part 710, the second
piston part 720 and the bonding member are assembled
to manufacture the piston 7, the outer circumferential sur-
face of the locking part 750 is in contact with the first
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piston-side bonding surface circumference 719 and the
second piston-side bonding surface circumference 729
at the same time.
[0140] The locking part 750 is disposed in a combus-
tion cavity 715 formed through the first piston part 710,
and seated on a seating surface 728 of the second piston
part 720. The seating surface 728 has a shape that is
bent with respect to the second piston-side bonding sur-
face circumference 729, while being formed in parallel
to the fourth bonding surface 723. That is, the seating
surface 728 has a predetermined height difference from
the fourth bonding surface 723, and the first piston-side
bonding surface circumference 719 is disposed between
the seating surface 728 and the fourth bonding surface
723.
[0141] According to the present embodiment, since the
separable locking part 750 is provided during the manu-
facturing process of the piston 7, a separate cutting proc-
ess for removing the locking part 750 is not needed, and
the structures of the first and second piston parts 710
and 720 can be simplified.
[0142] Meanwhile, according to the method for manu-
facturing a piston for an engine vehicle of the present
embodiment, the locking part 750 can be removed from
the piston unit through an operation of overturning a tool
such as a separate jig or the welded piston unit or apply-
ing a predetermined magnitude of vibration to the piston
unit at the piston processing step S500 or the locking
part removing step.
[0143] FIG. 17 illustrates that a piston assembly is as-
sembled during a process of manufacturing a piston for
a vehicle engine through a method for manufacturing a
piston for a vehicle engine according to still another em-
bodiment of the present disclosure.
[0144] Referring to FIG. 17, the piston 8 according to
the present embodiment includes a first piston part 810
having first and second bonding surfaces 812 and 813
and a second piston part 820 having third and fourth
bonding surfaces 822 and 823, and has a cooling gallery
840 formed between the first and second piston parts
810 and 820. The present embodiment is substantially
the same as the piston manufacturing method of FIG.
16, except the structure of a locking part 850. Thus, the
following descriptions will be focused on the specific
characteristics of the present embodiment.
[0145] During the process of the piston manufacturing
method according to the present embodiment, the outer
circumferential surface of a locking part body 851 of the
locking part 850 is in contact with first and second piston-
side bonding surface circumferences at the same time,
and the locking part 850 has a height corresponding to
the height of a combustion cavity 815. For example, when
the depth of the combustion cavity 815 is larger than the
vertical thickness of the first piston part 810 or the height
of the first piston part 810, the locking part 850 may have
a larger height than the vertical thickness of the first piston
part 810.
[0146] With the locking part 850 mounted on the piston

assembly, the locking part 850 is disposed in the com-
bustion cavity 815 formed through the first piston part
810, and one surface of the locking part body 851 is dis-
posed in parallel to one surface of the first piston part
810. In other words, the one surface of the locking part
body 851 forms the same plane as the one surface of
the first piston part 810. At this time, the other surface of
the locking part body 851 is supported by the second
piston part 820.
[0147] According to the present embodiment, when the
first piston part 810 is inserted and welded in the piston
manufacturing device 200 while the one surface of the
first piston part 810 is seated on the seating member 400,
the one surface of the first piston part 810 and the one
surface of the locking part 850 may come in contact with
the seating member 400 at the same time. Thus, the pis-
ton assembly can be more stably seated on the seating
member 400.
[0148] Although the representative embodiments of
the present disclosure have been disclosed in detail,
those having ordinary skill in the field of technology to
which the present disclosure pertains would understand
that various modifications are possible, without departing
from the scope of the present disclosure. Accordingly,
the scope of the present disclosure should not be con-
strued as being limited to the described embodiments
but be defined by the appended claims as well as equiv-
alents thereof.

Claims

1. A method for manufacturing a piston for a vehicle
engine, comprising:

a piston assembling step of forming a piston as-
sembly by assembling a first piston part, a bond-
ing member and a second piston part, wherein
the first piston part has two or more bonding sur-
faces separated from each other and extended
in a circumferential direction, and the second
piston part has two or more bonding surfaces
separated from each other and extended in the
circumferential direction;
a piston diffusion brazing step of diffusion braz-
ing the first piston part, the bonding member and
the second piston part under an open atmos-
phere by heating the formed piston assembly;
and
a piston cooling step of cooling a piston unit
formed by diffusion brazing the first piston part,
the bonding member and the second piston part,
wherein the piston assembly comprises a lock-
ing part for maintaining a position at which the
first and second piston parts are assembled, and
wherein the method further comprises a locking
part removing step of removing the locking part
from the cooled piston unit.

19 20 



EP 3 333 399 A1

12

5

10

15

20

25

30

35

40

45

50

55

2. The method of claim 1, wherein the locking part is
formed in any one of the first and second piston parts,
and protrudes to cover a portion of the piston part
where the locking part is not formed.

3. The method of claim 1 or 2, wherein the locking part
is disposed at a circumference adjacent to a first
bonding surface disposed near the center of the first
or second piston part, between the pair of bonding
surfaces formed on the first or second piston part,
and protrudes in a direction crossing a plane formed
by the bonding surface.

4. The method of claim 1 or 2, wherein the locking part
is disposed at a circumference adjacent to a second
bonding surface separated from a first bonding sur-
face disposed near the center of the first or second
piston part, between the pair of bonding surfaces
formed on the first or second piston part, and pro-
trudes in a direction crossing a plane formed by the
bonding surface.

5. The method of claim 3, wherein a first rounded por-
tion having a predetermined radius of curvature is
formed between the locking part and the first or sec-
ond bonding surface, and
a cut portion formed in an oblique direction or a sec-
ond rounded portion having a predetermined radius
of curvature is formed at a corner portion of the piston
part which faces the first rounded portion and has
no locking part formed thereon.

6. The method of claim 5, wherein the second rounded
portion has a larger radius of curvature than the first
rounded portion.

7. The method of any of preceding claims, wherein the
locking part is separable from the first and second
piston parts,
the locking part comprises a locking part body
formed in a ring shape and having a through-hole
formed therein,
the locking part body has an outer diameter corre-
sponding to the inner diameter of first and second
piston-side bonding surface circumferences, where-
in the first piston-side bonding surface circumfer-
ence is adjacent to a bonding surface disposed near
the center between the bonding surfaces of the first
piston part, and the second piston-side bonding sur-
face circumference is adjacent to a bonding surface
disposed near the center between the bonding sur-
faces of the second piston part, and
the outer circumferential surface of the locking part
is in contact with the first and second piston-side
bonding surface circumferences at the same time,
with the locking part disposed in the piston assembly.

8. The method of claim 7, wherein with the locking part

mounted on the piston assembly, the locking part is
disposed in the combustion cavity, wherein one sur-
face of the locking part body is disposed in parallel
to one surface of the first piston part, and the other
surface of the locking part body is supported by the
second piston part.

9. The method of any of preceding claims, wherein the
piston diffusion brazing step is performed in a piston
manufacturing device which includes a partially
opened heating zone, a heater for providing heat into
the heating zone, and a moving unit moved in one
direction in the heating zone, and
wherein in the piston diffusion brazing step, the pis-
ton assembly is heated while being moved at a pre-
determined speed through the heating zone in the
one direction by the moving unit.

10. The method of any of preceding claims, wherein the
piston diffusion brazing step comprises:

a preheating step of heating the piston assembly
formed at room temperature to a preheating
temperature from the room temperature, the
preheating temperature being lower than the
melting temperature of the bonding member;
and
a main heating step of diffusion brazing the first
piston part, the bonding member and the second
piston part of the piston assembly by heating the
piston assembly heated to the preheating tem-
perature through the preheating step at a main
heating temperature higher than the melting
temperature of the bonding member.

11. The method of claim 9 or 10, insofar as dependent
upon claim 9, wherein the second piston part com-
prises a piston skirt and a piston pin hole, and
wherein a plurality of the piston assemblies, each
including the first piston part, the bonding member
and the second piston part sequentially stacked, are
successively moved by the moving unit.

12. A piston for a vehicle engine, which is manufactured
by the method for manufacturing a piston for a vehi-
cle engine according to any one of preceding claims.
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