EP 4 180 647 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 180 647 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
17.05.2023 Bulletin 2023/20

(21) Application number: 20944794.5

(22) Date of filing: 07.12.2020

(51) International Patent Classification (IPC):

FO2F 3/00 (2006.07) FO2F 3/10 (2006.01)
C25D 7/04 (2006.01) C25D 15/00 (2006.0)
C25D 3/02 (2006.01)

(86) International application number:

PCT/CN2020/134196

(87) International publication number:

WO 2022/007323 (13.01.2022 Gazette 2022/02)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 07.07.2020 CN 202010643583

(71) Applicant: Weichai Power Co., Ltd.
Weifang, Shandong 261061 (CN)

(72) Inventors:
¢ LI, Zhijie
Weifang, Shandong 261061 (CN)

¢ Ql, Shaobao

Weifang, Shandong 261061 (CN)
* WANG, Shijie

Weifang, Shandong 261061 (CN)
* MA, Fei

Weifang, Shandong 261061 (CN)
e XIA, Yuan

Weifang, Shandong 261061 (CN)

(74) Representative: Zacco Sweden AB

P.O. Box 5581
Léjtnantsgatan 21
114 85 Stockholm (SE)

(54) PISTON, DEVICE FOR MANUFACTURING PISTONS, AND METHOD FOR MANUFACTURING

PISTONS

(567)  Provided are a piston, a piston manufacturing
device, and a piston manufacturing method. The piston
includes a piston base (100), a porous function layer
(101), a micropore filling layer (102), and a closing layer
(103). The porous function layer (101) is disposed on a
top surface of the piston base (100). The micropore filling
layer (102) is disposed on a top surface of the porous

function layer (101). The diameter of a pore in the micro-
pore filling layer (102) is smaller than the diameter of a
pore in the porous function layer (101). The closing layer
(103) is disposed on a top surface of the micropore filling
layer (102) and configured to partially block the pores in
the micropore filling layer (102).
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Description
TECHNICAL FIELD

[0001] The present application relates to the field of
machining technology, for example, a piston, a piston
manufacturing device, and a piston manufacturing meth-
od.

BACKGROUND

[0002] With excellent features including low density,
sound thermal conductivity, and high strength, aluminum
alloy has been widely used in fields related to the man-
ufacturing of pistons of internal combustion engines.
Compared with traditional steel pistons and cast iron pis-
tons, aluminum alloy pistons have a series of advantages
in the application of internal combustion engines, such
as high power, low vibration, little wear, and strong cor-
rosion resistance. However, with the development and
renewal of internal combustion engine technology, de-
fects of the aluminum alloy pistons are gradually ex-
posed, for example, low thermal strength and poor me-
chanical properties at high temperatures. Under the ac-
tion of high-strength thermal shock cycles, the aluminum
alloy pistons often suffer from failure problems like abla-
tion and corrosion.

[0003] Inthecurrentpiston protectiontechnology, ther-
mal insulation technology is mostly used, protecting bas-
es and increasing the temperature in combustion cham-
bers. When a piston after being thermally insulated
works, the heat transferred to the cooling water through
the surface of a combustion chamber is reduced. Corre-
spondingly, the heat transfer loss carried away by the
cooling water reduces, both reducing the energy loss and
improving the efficiency of an internal combustion en-
gine. However, with the development of thermal insula-
tion technology, the thermal insulation performance of a
thermal insulation material improves gradually. The ex-
cellent thermal insulation performance protects a base.
Nonetheless, due to the large volumetric heat capacity
of the thermal insulation material, the piston is not easily
heated. The air inlet temperature of cold air entering the
combustion chamber is relatively high. Correspondingly,
combustion temperature rises. When the combustion
temperature rises to a certain extent, the gas molecular
spacing in the combustion chamber is enlarged, leading
to a reduction in the air intake amount in an intake stroke,
thereby reducing a fuel-air ratio and combustion efficien-
cy.

[0004] Additionally, in the existing manufacturing of a
plasma oxide coating, the concentration may be in-
creased by adding solute so as to implement traditional
electrolyte adjustment. However, when the concentration
needs to be reduced or when solutions with different ra-
tios are provided in different growth stages of the plasma
oxide coating, a reaction needs to be interrupted and an
electrolyte is re-prepared, increasing the manufacturing
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time and cost.
SUMMARY

[0005] The present application provides a piston with
a sound thermal insulation performance and sound cor-
rosion resistance so as to implement the protection per-
formance of controlling combustion temperature.
[0006] The presentapplication provides a piston, a pis-
ton manufacturing device, and a piston manufacturing
method so that installation and disassembly are not
needed repeatedly, saving the manufacturing cost.
[0007] An embodiment provides a piston. The piston
includes a piston base, a porous function layer, a micro-
pore filling layer, and a closing layer.

[0008] The porous function layer is disposed on a top
surface of the piston base.

[0009] The micropore filling layer is disposed on a top
surface of the porous function layer. The diameter of each
of pores in the micropore filling layer is smaller than the
diameter of each of pores in the porous function layer.
[0010] The closing layer is disposed on a top surface
of the micropore filling layer and configured to partially
block pores in the micropore filling layer.

[0011] Embodiments of the present application further
provide a piston manufacturing device configured to
manufacture the preceding piston. The piston manufac-
turing device includes a clamp, a power supply, a first
reaction mechanism, a second reaction mechanism, and
a third reaction mechanism.

[0012] The clamp is configured to clamp a piston base.
A top of the piston base sealingly extends into the clamp
and forms a sealing cavity with an inner wall of the clamp.
[0013] Ananode ofthe powersupply is electrically con-
nected to the piston base. A cathode of the power supply
is electrically connected to the clamp.

[0014] The first reaction mechanism selectively com-
municates with the sealing cavity so as to form a porous
function layer on a top surface of the piston base.
[0015] The second reaction mechanism selectively
communicates with the sealing cavity so as to form a
micropore filling layer on a top surface of the porous func-
tion layer.

[0016] The third reaction mechanism selectively com-
municates with the sealing cavity so as to form a closing
layer on a top surface of the micropore filling layer.
[0017] Embodiments of the present application further
provide a piston manufacturing method for manufactur-
ing a piston by using the preceding piston manufacturing
device. The piston manufacturing method includes the
steps below.

[0018] A clamp is used for sealingly clamping a piston
base, and a sealing cavity is formed between the piston
base and an inner wall of the clamp.

[0019] An anode of a power supply is electrically con-
nected to the piston base. A cathode of the power supply
is electrically connected to the clamp.

[0020] Afirstreaction mechanismis opened and a sec-
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ond reaction mechanism and a third reaction mechanism
are closed so that the first reaction mechanism commu-
nicates with the sealing cavity, and a porous function
layer is formed on a top surface of the piston base by
using an electrochemical manner.

[0021] The second reaction mechanism is opened,
and the first reaction mechanism and the third reaction
mechanism are closed so that the second reaction mech-
anism communicates with the sealing cavity, and a mi-
cropore filling layer is formed on a top surface of the po-
rous function layer by using the electrochemical manner.
[0022] The third reaction mechanism is opened, and
the first reaction mechanism and the second reaction
mechanism are closed so that the third reaction mecha-
nism communicates with the sealing cavity, and a closing
layer covering a top surface of the micropore filling layer
is formed.

BRIEF DESCRIPTION OF DRAWINGS
[0023]

FIG. 1 is a structural diagram of a piston according
to the present application.

FIG. 2 is a structural diagram of a piston manufac-
turing device according to the present application.
FIG. 3 is a flowchart of a piston manufacturing meth-
od according to the present application.

Reference list

[0024]

100 piston base

101  porous function layer
102  micropore filling layer
103  closing layer

104  adhesive layer

1 clamp

2 power supply

3 first reaction mechanism

4 second reaction mechanism
5 third reaction mechanism

6 sealing ring

7 fixed ring

8 hydraulic pump
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9 three-way valve

10 pump

11 first vacuum valve

12 second vacuum valve
31 first reaction box

32 first valve

41 second reaction box
42 second valve

51 third reaction box
52 third valve
DETAILED DESCRIPTION

[0025] Inthe description of the present application, un-
less otherwise expressly specified and limited, the term
"connected to each other", "connected" or "secured" is
to be construed in a broad sense, for example, as se-
curely connected, detachably connected, or integrated;
mechanically connected or electrically connected; direct-
ly connected to each other or indirectly connected to each
other via an intermediary; or internally connected be-
tween two components or interaction relations between
two components. For those of ordinary skill in the art,
specific meanings of the preceding terms in the present
application may be construed according to specific cir-
cumstances.

[0026] Inthe present application, unless otherwise ex-
pressly specified and limited, when a first feature is de-
scribed as "above" or "below" a second feature, the first
feature and the second feature may be in direct contact
or be in contact via another feature between the two fea-
tures instead of being in direct contact. Moreover, when
the first feature is described as "on", "above", or "over"
the second feature, the first feature is right on, above, or
over the second feature or the first feature is obliquely
on, above, or over the second feature, or the first feature
is simply at a higher level than the second feature. When
the first feature is described as "under", "below", or "un-
derneath" the second feature, the first feature is right un-
der, below, or underneath the second feature or the first
feature is obliquely under, below, or underneath the sec-
ond feature, or the first feature is simply at a lower level
than the second feature.

[0027] For an existing aluminum alloy piston, many
penetrating or semi-closed gap channels existon the sur-
face of a porous structure coating of the piston. In a com-
bustion chamber of the aluminum alloy piston, heat con-
vection may be generated in such semi-open channels,
resulting in a poor thermal insulation performance of the
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coating. Additionally, in the combustion chamber, com-
bustion heat and combustion products corrode the sur-
face of the aluminum alloy piston. A corrosive medium
easily penetrates the channels and corrodes the chan-
nels, resulting in an erosion of a protective material or an
erosion of the piston and reducing the corrosion resist-
ance of the piston.

[0028] To solve this problem, this embodiment pro-
vides a piston. As shown in FIG. 1, the piston includes a
piston base 100, a porous function layer 101, a micropore
filling layer 102, and a closing layer 103. The piston base
100 is optionally made of an aluminum alloy material.
The porous function layer 101 is disposed on a top sur-
face of the piston base 100. The porous function layer
101 is aloose porous layer structure. The microporefilling
layer 102 is disposed on a top surface of the porous func-
tion layer 101. The diameter of each ofpores in the mi-
cropore filling layer 102 is smaller than the diameter of
each of pores in the porous function layer 101. The clos-
inglayer 103 is disposed on a top surface of the micropore
filling layer 102 and configured to partially block pores in
the micropore filling layer 102. The closing layer 103 per-
forms the function of blocking.

[0029] Forthe piston provided in this embodiment, the
porous function layer 101 is disposed in the top surface
of the piston base 100. The micropore filling layer 102 is
disposed in the top surface of the porous function layer
101. The pores in the micropore filling layer 102 and the
pores in the porous function layer 101 form channels.
The channels are used for storing air and play the function
of thermal insulation. The diameter of each of pores in
the micropore filling layer 102 is smaller than the diameter
of each of pores in the porous function layer 101. In this
case, the micropore filling layer 102 performs a transition
between the porous function layer 101 and the closing
layer 103 and fills the porous function layer 101 to a cer-
tain extent. The closing layer 103 is disposed on the top
surface of the micropore filling layer 102 and configured
to block the pores in the micropore filling layer 102. Ac-
cordingly, the closing layer 103 performs the function of
blocking, preventing a corrosive medium from entering
the pores of the porous function layer 101 and the pores
of the micropore filling layer 102 to corrode the porous
function layer 101 and the micropore filling layer 102,
protecting the piston base 100, and thereby improving
the corrosion resistance of the piston.

[0030] Additionally, with the coordination of the porous
function layer 101 and the micropore filling layer 102, an
airlayer may be formed in the pores of the porous function
layer 101 and the pores of the micropore filling layer 102,
effectively reducing the heat capacity of the entire piston,
better guaranteeing the performance of thermal insula-
tion and protection, and implementing the protection per-
formance of controlling combustion temperature. In this
case, the piston s easily heated. The airinlettemperature
of cold airentering a combustion chamber is low, avoiding
air-inlet heating, thereby improving the efficiency of con-
verting heat into useful work, and effectively reducing
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fuel consumption.

[0031] Optionally, to guarantee the coordination of the
porous function layer 101 and the micropore filling layer
102, the pores in the micropore filling layer 102 are dis-
posed continuously. Moreover, at least one parameter
of porosities of the pores in the micropore filling layer 102
and diameters of the pores in the micropore filling layer
102 is in descending order. The porous function layer
101 enables the piston to obtain a sound thermal insu-
lation performance. The micropore filling layer 102 re-
duces the thermal conductivity of a coating and serves
as a second barrier of an anticorrosive medium. The ar-
rangementinwhich the pores in the micropore filling layer
102 are in descending order and are disposed continu-
ously can not only maintain a sound structural transition
between the porous function layer 101 and the micropore
filling layer 102 but also guarantee the implementation
of two functions of thermal insulation and low thermal
conductivity.

[0032] In the process of forming the porous function
layer 101 based on the top surface of the piston base
100, an adhesive layer 104 may be formed between the
compact top surface of the piston base 100 and the po-
rous function layer 101. The adhesive layer 104 performs
a transition between the piston base 100 and the porous
function layer 101.

[0033] To manufacture the preceding piston, this em-
bodimentfurther provides a piston manufacturing device.
As shown in FIG. 2, the piston manufacturing device in-
cludes aclamp 1, a power supply 2, a first reaction mech-
anism 3, a second reaction mechanism 4, and a third
reaction mechanism 5. The clamp 1 is configured to
clamp the piston base 100. The top of the piston base
100 sealingly extends into the clamp 1 and forms a seal-
ing cavity with an inner wall of the clamp 1. An anode of
the power supply 2 is electrically connected to the piston
base 100. A cathode of the power supply 2 is electrically
connected to the clamp 1. The first reaction mechanism
3 selectively communicates with the sealing cavity so as
to form the porous function layer 100 on the top surface
of the piston base 101. The second reaction mechanism
4 selectively communicates with the sealing cavity so as
to form the micropore filling layer 102 on the top surface
of the porous function layer 101. The third reaction mech-
anism 5 selectively communicates with the sealing cavity
so as to form the closing layer 103 on the top surface of
the micropore filling layer 102.

[0034] For the piston manufacturing device provided
in this embodiment, the clamp 1 has a fixing effect on the
piston base 100. The top of the piston base 100 sealingly
extends into the clamp 1 to form the sealing cavity. The
sealing cavity provides a reaction environment for man-
ufacturing a coating on the top surface of the piston base
100. With the first reaction mechanism 3 selectively com-
municating with the sealing cavity, the porous function
layer 100 is manufactured on the top surface of the piston
base 101. With the second reaction mechanism 4 selec-
tively communicating with the sealing cavity, the micro-
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pore filling layer 102 is manufactured on the top surface
of the porous function layer 101. With the third reaction
mechanism 5 selectively communicating with the sealing
cavity, the closing layer 103 is manufactured on the top
surface of the micropore filling layer 102. With the adop-
tion of this structure, the manufacturing procedure of the
porous function layer 101, the manufacturing procedure
of the micropore filling layer 102, and the manufacturing
procedure of the closing layer 103 are completed in the
sealing cavity formed by the specialized clamp 1 and the
top of the piston base 100 with no need for installing and
disassembling each reaction mechanism, saving the
time cost and avoiding the secondary pollution of each
coating.

[0035] Exemplarily, the clamp 1 is a box structure. The
clamp 1 has an accommodation cavity. A first joint and
a second joint are disposed on the top of the clamp 1.
The firstjointis a liquid inlet. The first joint communicates
with the first reaction mechanism 3, the second reaction
mechanism 4, and the third reaction mechanism 5 sep-
arately so that the liquid in each reaction mechanism en-
ters the sealing cavity through the first joint. The second
joint is a liquid outlet. The second joint communicates
with the first reaction mechanism 3 and the second re-
action mechanism 4 separately so that the liquid com-
pleting a reaction in the sealing cavity flows out through
the second joint.

[0036] A cathode joint is also disposed on the top of
the clamp 1. The cathode of the power supply 2 is elec-
trically connected to the clamp 1 through the cathode j
oint. The anode of the power supply 2 is electrically con-
nected to the piston base 100. To guarantee the insula-
tion effect between the piston base 100 and the clamp
1, as shown in FIG. 2, optionally, the piston manufactur-
ing device further includes a sealing ring 6. The sealing
ring 6 is an O-shaped sealing ring 6. The sealing ring 6
is made of polytetrafluoroethylene. The sealing ring 6 is
sleeved on the piston base 100 and abuts against the
inner wall of the clamp 1. The sealing cavity is formed
between the sealing ring 6 and the inner wall of the clamp
1. The sealing ring 6 not only performs sealing between
the piston base 100 and the inner wall of the clamp 1 but
also performs insulation and isolation functions between
the piston base 100 and the clamp 1, making the sealing
cavity become a closed cavity capable of bearing certain
positive pressure and negative pressure.

[0037] Theanode ofthe powersupply 2 may be directly
electrically connected to the piston base 100. However,
by means of direct contact, it is difficult to guarantee the
reliability and stability of an electrical connection. To
solve this problem, as shown in FIG. 2, the piston man-
ufacturing device further includes a fixed ring 7. The fixed
ring 7 is a stainless steel ring. The fixed ring 7 is sleeved
on the piston base 100 and abuts against a bottom sur-
face of the sealing ring 6. After the sealing ring 6 is coated
with vacuum grease and forms an interference fit with
the fixed ring 7, each of connectors passes through the
fixed ring 7 and the piston base 100. The connectors are
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M10 * 50 bolts. Six bolts are provided to guarantee the
fixing effect between the fixed ring 7 and the clamp 1 and
thereby guarantee the stability and reliability of clamping
the piston base 100.

[0038] Optionally,the anode of the power supply 2 may
be electrically connected to the piston base 100 through
the connectors. The anode of the power supply 2 is elec-
trically connected to the connectors. The connectors are
connectedtothefixedring 7. Thefixed ring 7 is connected
to the piston base 100. Therefore, the anode of the power
supply 2 is electrically connected to the piston base 100
so as to facilitate the installation between the anode of
the power supply 2 and the piston base 100 and results
in sound reliability.

[0039] Optionally, as shownin FIG. 2, the first reaction
mechanism 3 includes a first reaction box 31 and a first
valve 32. The first reaction box 31 is configured to ac-
commodate a first electrolyte and communicate with the
sealing cavity. The first valve 32 is configured to control
the opening and closing of the first reaction box 31. The
second reaction mechanism 4 includes a second reaction
box 41 and a second valve 42. The second reaction box
41 is configured to accommodate a second electrolyte
and communicate with the sealing cavity. The second
valve 42 is configured to control the opening and closing
of the second reaction box 41. The third reaction mech-
anism 5 includes a third reaction box 51 and a third valve
52. The third reaction box 51 is configured to accommo-
date sealant and communicate with the sealing cavity.
The third valve 52 is configured to control the opening
and closing of the third reaction box 51.

[0040] Optionally, the first reaction box 31, the second
reaction box 41, and the third reaction box 51 are each
disposed above the clamp 1. The first valve 32, the sec-
ond valve 42, and the third valve 52 are disposed on the
bottom of the first reaction box 31, the bottom of the sec-
ond reaction box 41, and the bottom of the third reaction
box 51 respectively. When each valve is opened, the
liquid in a corresponding reaction box flows into the seal-
ing cavity under the gravity of the liquid. When each valve
is closed, the liquid in a corresponding reaction box stops
entering the sealing cavity. The structure is simple by
using this manner. However, the speed of a liquid flow
is constant, making the liquid inlet speed relatively low
and failing to implement liquid recovery.

[0041] To resolve the preceding problem, optionally,
the piston manufacturing device further includes a hy-
draulic pump 8. An inlet of the hydraulic pump 8 commu-
nicates with the sealing cavity. An outlet of the hydraulic
pump communicates with the first reaction box 31 and
the second reaction box 41. The first valve 32 is disposed
on a connection pipe between the hydraulic pump 8 and
thefirstreaction box 31. The second valve 42 is disposed
on a connection pipe between the hydraulic pump 8 and
the second reaction box 41.

[0042] When the hydraulic pump 8 and the first valve
32 are opened, the hydraulic pump 8 drives the first elec-
trolyte in the first reaction box 31 to be transmitted into
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the sealing cavity through the first joint. After the first
electrolyte undergoes an electrochemical reaction with
the top surface of the piston base 100 in the sealing cavity
to form the porous function layer 101, the first electrolyte
flows back into the first reaction box 31 through the inlet
of the hydraulic pump 8 under the driving action of the
hydraulic pump 8, thereby implementing the recycling of
the first electrolyte.

[0043] When the hydraulic pump 8 and the second
valve 42 are opened, the hydraulic pump 8 drives the
second electrolyte in the second reaction box 41 to be
transmitted into the sealing cavity through the first joint.
After the second electrolyte undergoes an electrochem-
ical reaction with the top surface of the porous function
layer 101 in the sealing cavity to form the micropore filling
layer 102, the second electrolyte flows back into the sec-
ond reaction box 41 through the inlet of the hydraulic
pump 8 under the driving action of the hydraulic pump 8,
thereby implementing the recycling of the second elec-
trolyte.

[0044] Optionally, the piston manufacturing device fur-
ther includes a flow controller. The hydraulic pump 8 and
the flow controller are configured to control the flow rate
and water pressure of the first electrolyte and the flow
rate and water pressure of the second electrolyte.
[0045] After the micropore filling layer 102 is manufac-
tured by using the second electrolyte, the manufacturing
process of the plasma oxide porous layer ends. To guar-
antee the bonding effect between the micropore filling
layer 102 and the closing layer 103, the piston base 100
and the clamp 1 need to be dried. Optionally, as shown
in FIG. 2, the piston manufacturing device further in-
cludes a three-way valve 9 and the pump 10. A first end
of the three-way valve 9 communicates with the first re-
action mechanism 3 and the second reaction mechanism
4 separately. A second end of the three-way valve 9 com-
municates with the sealing cavity and the third reaction
mechanism 5. A third end of the three-way valve 9 com-
municates with the ambient atmosphere. The pump is
disposed on a connection pipe between the hydraulic
pump 8 and the clamp 1. The pump 10 is able to com-
municate with the sealing cavity so thatambient air enters
the sealing cavity through the three-way valve 9 to blow
and dry the piston base 100.

[0046] Inthe manufacturing process of the closing lay-
er 103, the first reaction mechanism 3 and the second
reaction mechanism 4 are no longer involved in a reac-
tion. To guarantee the isolation effect between the clamp
1 and the first reaction mechanism 3 and between the
clamp 1 andthe second reaction mechanism 4, the piston
manufacturing device further includes a first vacuum
valve 11 and a second vacuum valve 12. Thefirstvacuum
valve 11 and the second vacuum valve 12 are disposed
on two sides of the pump 10. The first vacuum valve 11
is disposed between the hydraulic pump 8 and the pump
10. The second vacuum valve 12 is disposed between
the pump 10 and the clamp 1.

[0047] Whendrying needs tobe performed,the second
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vacuum valve 12 and the three-way valve 9 are opened
and the first vacuum valve 11 is closed so as to cut off
the communication with the first reaction box 31 and the
second reaction box 41. In this case, the first reaction
mechanism 3 and the second reaction mechanism 4 may
also be disassembled so that only the pump 10 and the
clamp 1 are in operation. The pump 10 starts to operate.
The three-way valve 9 is opened. The pump 10 extracts
the air in the sealing cavity so that the ambient air enters
through the three-way valve 9, then enters the clamp 1
through the first joint, and flows out from the second joint.
In this case, the first joint performs an air inlet function,
and the second joint performs an air outlet function. The
inner wall of the clamp 1 and the piston base 100 are
dried through the circulation and flow of air.

[0048] Optionally, the pump serves as a driving source
of drying and may also serve as a driving source of the
procedure of manufacturing the closing layer 103. Exem-
plarily, after drying is performed, the sealant is added to
the third reaction box 51. Then the three-way valve 9,
the first vacuum valve 11, and the third valve 52 are
closed. The second vacuum valve 12 is opened. The
pump 10 is opened so that the pump 10 provides a vac-
uum for the sealing cavity. After the air pressure in the
sealing cavity reaches a preset vacuum degree, the
pump 10 and the second vacuum valve 12 are closed,
and the third valve 52 is opened. Under the action of the
negative pressure in the sealing cavity, the sealant in the
third reaction box 51 flows towards the clamp 1 through
the third valve 52 and is sprayed to the top of the piston
base 100 through the first joint so that the closing layer
103 is sprayed onto on the micropore filling layer 102.
After a period of reaction time, for example, 1 min, the
three-way valve 9 is opened for air bleeding. The piston
based 100 for which pore sealing has been performed is
unloaded and placedin adrying boxfordrying. Therefore,
pore sealing is completed.

[0049] In the existing manufacturing of a plasma oxide
coating, the concentration may be increased by adding
a solute so as to implement a traditional electrolyte ad-
justment. However, when the concentration needs to be
reduced or when solutions with different ratios are pro-
vided in different growth stages of the plasma oxide coat-
ing, a reaction needs to be interrupted and an electrolyte
is re-prepared, increasing the manufacturing time and
cost.

[0050] To solve this problem, this embodiment further
provides a piston manufacturing method for manufactur-
ing a piston by using the preceding piston manufacturing
device. The piston manufacturing method includes the
following steps: The clamp 1 is used for sealingly clamp-
ing the piston base 100, and the sealing cavity is formed
between the piston base 100 and the clamp 1; the anode
of the power supply 2 is electrically connected to the pis-
ton base 100, and the cathode of the power supply 2 is
electrically connected to the clamp 1; the first reaction
mechanism 3 is opened and the second reaction mech-
anism 4 and the third reaction mechanism 5 are closed
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so that the firstreaction mechanism 3 communicates with
the sealing cavity, and the porous function layer 101 is
formed on the top surface of the piston base 100 by using
an electrochemical manner; the second reaction mech-
anism 4 is opened and the first reaction mechanism 3
and the third reaction mechanism 5 are closed so that
the second reaction mechanism 4 communicates with
the sealing cavity, and the micropore filling layer 102 is
formed on the top surface of the porous function layer
101 by using the electrochemical manner; and the third
reaction mechanism 5 is opened and the first reaction
mechanism 3 and the second reaction mechanism 4 are
closed so that the third reaction mechanism 5 communi-
cates with the sealing cavity, and the closing layer 103
covering the top surface of the micropore filling layer 102
is formed.

[0051] For the piston manufacturing method provided
in this embodiment, the anode of the power supply 2 is
electrically connected to the piston base 100 and the
cathode of the power supply 2 is electrically connected
to the clamp 1 so as to be used in electrochemical reac-
tions for generating the porous function layer 101 and
the micropore filling layer 102. The arrangement in which
only the first reaction mechanism 3 is opened is used for
manufacturing the porous function layer 101 in the seal-
ing cavity. The arrangement in which only the second
reaction mechanism 4 is opened is used for manufactur-
ing the micropore filling layer 102 in the sealing cavity.
The arrangement in which only the third reaction mech-
anism 5 is opened is used for manufacturing the micro-
pore closing layer 103 in the sealing cavity. The separate-
control arrangement in which the first reaction mecha-
nism 3, the second reaction mechanism 4, and the third
reaction mechanism 5 are independent of each other en-
ables the free combination and recycling of various elec-
trolytes to be implemented without interrupting a test, re-
sulting in an independent adjustment and sound flexibil-
ity. Moreover, the clamp 1 only needs to clamp and fix
the piston base 100 once so that installation and disas-
sembly do not need to be performed for each reaction,
simplifying the process and saving the manufacturing
cost. Additionally, each procedure is performed in the
sealing cavity, avoiding coating pollution.

[0052] Optionally, to guarantee the effect of manufac-
turing the coating on the top surface of the piston base
100, before the clamp 1 clamps the piston base 100, the
top surface of the piston base 100 is preprocessed. Be-
fore the plasma oxide coating is manufactured, the top
of the piston base 100 needs to be preprocessed with a
main object of removing grease, dirt, and scratches on
the surface of the piston base 100.

[0053] Exemplarily, the preprocessing includes the fol-
lowing steps: The piston base 100 is degreased so as to
remove the grease and dirt on the top of the piston base
100; the top surface of the piston base 100 is matted with
1500-grit sandpaper to form a micro-gully structure on
the top surface so as to increase the bonding area of the
coating and the piston base 100 and enhance the bond-
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ing force; and ultrasonic cleaning, washing, and air drying
are performed to obtain the clean and relatively rough
surface.

[0054] The preprocessed piston base 100 is placed in
the clamp 1 to be clamped and fixed. Then the anode of
the power supply 2 and the cathode of the power supply
2 are electrically connected to the piston base 100 and
the clamp 1 respectively. The first reaction mechanism
3 is able to transmit the first electrolyte to the sealing
cavity. Sodium silicate nonahydrate (10 g/L-25 g/L), so-
dium hydroxide (0.5 g/L-3 g/L), ethylenediaminetetraace-
tic acid disodium salt (0.5 g/L-3 g/L), sodium triphosphate
(1 g/L-5 g/L), and sodium tungstate (0.5 g/L-3g/L) serve
as electrolytic solutes. Deionized water serves as a sol-
vent. In this case, the first electrolyte with a preset con-
centration is prepared.

[0055] The piston base 100 serves as an anode to be
clamped on the clamp 1 that is insulated from the clamp
1. The clamp 1 is connected to the cathode of the power
supply 2. The power supply 2 is output in a constant cur-
rent pulse mode. In this process, the current density is
set to 8 A/Jdm2-20 A/dm2. The ratio of negative currents
to positive currents is 0.9-1.3. The duty ratio of negative
pulses to positive pulses is 30%-65%. The range of pulse
frequency is 800 Hz-1600 Hz. In the first 10 min, a low
current of 8 A/dm2-12 A/dm? is used constantly. After 10
min, the current increases progressively by 20% every 2
min till an arc strike. After arc light appears in the pre-
ceding steps, the current is gradually reduced to 10
A/dm2-15 A/dm2. Electrolyte temperature is controlled at
20°C-25°C. Discharge is kept for 35 min-55 min after the
voltage enters a stable region.

[0056] In the manufacturing process of the porous
function layer 101 in this embodiment, optionally, a pos-
itive current of the power supply 2 is setto 3 A. Anegative
current of the power supply 2 is 6.8 A. The frequency of
power supply 2 is 1000 Hz. The duty ratio of positive
pulses to negative pulses is 60: 40. After 20 min, the
positive current is increased to 3.6 A for 2 min, to 4.3 A
for 2 min, and 5.2 A for 2 min and is increased by 20%
progressively till the arc strike. After the arc strike, the
current is adjusted to 6 A. Constant temperature is kept,
and discharge is kept continuously for 45 min.

[0057] After the manufacturing of the porous function
layer 101 is completed by using the first electrolyte, the
second reaction mechanism 4 is able to transmit the sec-
ond electrolyte to the sealing cavity. Sodium silicate non-
ahydrate (10 g/L-25 g/L), sodium hydroxide (0.5 g/L-3
g/L), ethylenediaminetetraacetic acid disodium salt (0.5
g/L-3 g/L), sodium triphosphate (1 g/L-5 g/L), sodium
tungstate (0.5 g/L-3g/L), triethanolamine (1 ml/L-3.5
ml/L), and Nano ZrO, (5 g/L-12 g/L) serve as electrolytic
solutes. The constant current pulse mode is used for out-
put. In this process, the current density is set to 14 A/dm?2-
18 A/dm2. The ratio of negative currents to positive cur-
rents is 0.9-1.3. The duty ratio of negative pulses to pos-
itive pulses is 50%-65%. The range of pulse frequency
is 1000 Hz-16500 Hz. The time is 10 min-20 min.
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[0058] In the manufacturing process of the micropore
filling layer 102 in this embodiment, a positive current of
the power supply 2 is set to 8 A. A negative current of
the power supply 2 is 9 A. The frequency of power supply
2is 1200 Hz. The duty ratio of positive pulses to negative
pulses is 50: 50. Discharge is kept for 15 min.

[0059] The porous function layer 101 and the micro-
pore filling layer 102 that have been manufactured have
the function of thermal insulation, effectively hindering
the heat loss in the combustion chamber. Under the con-
dition of a thermal fatigue test, the piston has a longer
service life than an ordinary aluminum piston. Since the
porous function layer 101 and the micropore filling layer
102 each have a porous structure with a high porosity,
enabling the temperature of a coating wall to change rap-
idly and avoiding air-inlet heating. The piston base 100
avoids intense heat exchange, improving the efficiency
of converting heat into useful work. Fuel consumption
reduces by about 0.3%.

[0060] The electrolytic solute of the second electrolyte
contains nano ZrO,. ZrO, nanoparticles are used as fill-
ing materials. However, in the manufacturing process of
plasma oxide, high-concentration ZrO, may lead to an
increase in the arc strike voltage and the increase of en-
ergy applied to the surface per unit time. When the coat-
ing grows to a certain thickness, the breakdown difficulty
increases, easily causing continuous discharge at only
a few weak places, reducing the overall thickness of the
coating, and limiting the thermal insulation performance.
However, the sealing effect of low-concentration ZrO, is
poor and has little contribution to reducing thermal con-
ductivity.

[0061] Because of the preceding phenomenon, this
embodiment employs the first reaction mechanism 3 and
the second reaction mechanism 4 which are independent
of each other. The first valve 32 is used for controlling
the flow and switch of the first electrolyte in the first re-
action box 31. The first electrolyte is mainly provided for
manufacturing the porous function layer 101 with a larger
thickness. The thickness of the loose porous function lay-
er 101 is about 90 um-110 pwm. The second valve 42 is
used for controlling the flow and switch of the second
electrolyte in the second reaction box 41. The second
electrolyte is an electrolyte containing high-concentration
ZrO, and is provided for manufacturing the microporous
filling layer 102. The microporous filling layer 102 is able
to reduce capacitance and seal pores in the porous func-
tion layer 101 to a certain extent.

[0062] After the manufacturing of the micropore filling
layer 102 is completed and before the closing layer 103
is formed, the power supply 2, the first reaction mecha-
nism 3, the second reaction mechanism 4, and the third
reaction mechanism 5 are closed and the three-way
valve 9 and the pump 10 are opened so that ambient air
enters the sealing cavity through the three-way valve 9
to blow and dry the piston base 100 and the clamp 1.
Optionally, the time for blowing and drying is 15 min-20
min. Drying is also completed in the sealing cavity. The

10

15

20

25

30

35

40

45

50

55

clamp 1 does not need to be disassembled in the entire
process, avoiding coating pollution and saving the time
cost.

[0063] After drying, the third reaction mechanism 5 is
able to transmit the sealant to the sealing cavity. The
sealantis polysilazane. After the sealant of 50 mlis added
to the third reaction box 51, the three-way valve 9, the
third valve 52, and the first vacuum valve 11 are closed
and the pump 10 is opened so that a vacuum of 0.08
Mpa-0.1 Mpa is kept in the sealing cavity. Then the sec-
ond vacuum valve 12 is closed and the third valve 52 is
opened. The sealant in the third reaction box 51 is ab-
sorbed into the sealing cavity by the negative pressure
in the sealing cavity. The sealant is sprayed onto the top
surface of the micropore filling layer 102 through the first
joint so as to implement the pore sealing of the micropore
filling layer 102. After a period of reaction time, for exam-
ple, 1 min, the three-way valve 9 is opened for air bleed-
ing. The piston based 100 for which pore sealing has
been performed is unloaded and placed in the drying box
for drying. Therefore, pore sealing is completed.

[0064] In the pore sealing process, the independent
first valve 32 and the independent second valve 42 con-
trol the first reaction box 31 and the second reaction box
41 respectively so as to implement the negative pressure
vacuum pore sealing and guarantee the recycling of the
first electrolyte and the recycling of the second electro-
lyte. Additionally, the manufacturing of the porous func-
tion layer 101, the manufacturing of the micropore filling
layer 102, and the coating and drying of the closing layer
103 may be completed in the same station of the sealing
cavity, thereby avoiding coating pollution, simplifying the
processing process, and shortening the manufacturing
period.

[0065] As shown in FIG. 3, the piston manufacturing
method provided in this embodiment includes the steps
below.

[0066] In S1, the top surface of the piston base 100 is
preprocessed.
[0067] InS2,thefirstelectrolyteis prepared and placed

in the first reaction box 31, and the second electrolyte is
prepared and placed in the second reaction box 41.
[0068] In S3, the preprocessed piston base 100 is
placed in the clamp 1 to be clamped and fixed, and the
anode of the power supply 2 and the cathode of the power
supply 2 are electrically connected to the piston base 100
and the clamp 1 respectively.

[0069] In S4, the power supply 2, the hydraulic pump
8, the first valve 32, and the three-way valve 9 are
opened, and the first electrolyte is transmitted to the seal-
ing cavity to complete the manufacturing of the porous
function layer 101.

[0070] In S5, the power supply 2, the hydraulic pump
8, the second valve 42, and the three-way valve 9 are
opened, and the second electrolyte is transmitted to the
sealing cavity to complete the manufacturing of the mi-
cropore filling layer 102.

[0071] In S6, the power supply 2, the hydraulic pump
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8, the first valve 32, the second valve 42, the third valve
52, and the first vacuum valve 11 are closed and the
three-way valve 9, the pump 10, and the second vacuum
valve 12 are opened so that the sealing cavity is blown
and dried.

[0072] In S7,the sealantis placed in the third reaction
box 51, the pump 10 and the second vacuum valve 12
are closed, the third valve 52 is opened, the sealant is
sprayed onto the top surface of the piston base 100 by
the negative pressure in the sealing cavity, and preset
time is maintained.

[0073] In S8, the three-way valve 9 is opened to air-
bleed the sealing cavity, and the piston base 100 is dis-
assembled and placed in the air to be dried.

[0074] The present application has the beneficial ef-
fects below.

[0075] For the piston provided in the present applica-
tion, the porous function layer 101 is disposed in the top
surface of the piston base 100. The micropore filling layer
102 is disposed in the top surface of the porous function
layer 101. The pores in the micropore filling layer 102
and the pores in the porous function layer 101 form chan-
nels. The channels are used for storing air and play the
function of thermal insulation. The diameter of each of
pores in the micropore filling layer 102 is smaller than
the diameter of each of pores in the porous function layer
101. In this case, the micropore filling layer 102 performs
a transition between the porous function layer 101 and
the closing layer 103 and fills the porous function layer
101 to a certain extent. The closing layer 103 is disposed
on the top surface of the micropore filling layer 102 and
configured to block the pores in the micropore filling layer
102. Accordingly, the closing layer 103 performs the func-
tion of blocking, preventing a high-temperature gas and
a corrosive medium from entering the pores of the porous
function layer 101 and the pores of the micropore filling
layer 102 to oxide the porous function layer 101 and the
micropore filling layer 102 at a high temperature and cor-
rode the porous function layer 101 and the micropore
filling layer 102, thereby protecting the piston base 100,
and improving the high-temperature resistance and cor-
rosion resistance of the piston.

[0076] Additionally, with the coordination of the porous
function layer 101 and the micropore filling layer 102, air
filing may be formed in the pores of the porous function
layer 101 and the pores of the micropore filling layer 102,
effectively reducing the volumetric heat capacity of the
piston coating, better guaranteeing the performance of
thermal insulation and protection, and implementing the
protection performance of controlling combustion tem-
perature. In this case, the piston is easily heated. The air
inlet temperature of cold air entering a combustion cham-
ber is low, avoiding air-inlet heating, thereby improving
the efficiency of converting heat into useful work, and
effectively reducing fuel consumption.

[0077] For the piston manufacturing device provided
in the present application, the clamp 1 performs a fixing
effect on the piston base 100. The top of the piston base
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100 sealingly extends into the clamp 1 to form the sealing
cavity with the inner wall of the clamp 1. The sealing
cavity provides a reaction environment for manufacturing
a coating on the top surface of the piston base 100. The
first reaction mechanism 3 communicates with the seal-
ing cavity and is configured to manufacture the porous
function layer 100 on the top surface of the piston base
101. The second reaction mechanism 4 communicates
with the sealing cavity and is configured to manufacture
the micropore filling layer 102 on the top surface of the
porous function layer 101. The third reaction mechanism
5 communicates with the sealing cavity and is configured
to manufacture the closing layer 103 on the top surface
of the micropore filling layer 102. With the adoption of
this structure, the manufacturing process of the porous
function layer 101, the manufacturing process of the mi-
cropore filling layer 102, and the manufacturing process
of the closing layer 103 are completed in the sealing cav-
ity formed by the specialized clamp 1 and the top of the
piston base 100 with no need for installing and disas-
sembling each reaction mechanism, saving the time cost
and avoiding the secondary pollution of each coating.
[0078] For the piston manufacturing method provided
in the present application, the anode of the power supply
2 is electrically connected to the piston base 100 and the
cathode of the power supply 2 is electrically connected
to the clamp 1 so as to be used in electrochemical reac-
tions for generating the porous function layer 101 and
the micropore filling layer 102. The arrangementin which
only the first reaction mechanism 3 is opened is used for
manufacturing the porous function layer 101 in the seal-
ing cavity. The arrangement in which only the second
reaction mechanism 4 is opened is used for manufactur-
ing the micropore filling layer 102 in the sealing cavity.
The arrangement in which only the third reaction mech-
anism 5 is opened is used for manufacturing the micro-
pore closing layer 103 in the sealing cavity. The separate-
control arrangement in which the first reaction mecha-
nism 3, the second reaction mechanism 4, and the third
reaction mechanism 5 are independent of each other en-
ables the free combination and recycling of various elec-
trolytes to be implemented without interrupting a test, re-
sulting in an independent adjustment and sound flexibil-
ity. Moreover, the clamp 1 only needs to clamp and fix
the piston base 100 once so that installation and disas-
sembly do not need to be performed for each reaction,
simplifying the process and saving the manufacturing
cost. Additionally, each procedure is performed in the
sealing cavity, avoiding coating pollution.

[0079] In the description of the present application, it
is to be understood that the orientation or position rela-
tionships indicated by terms "above", "below", "right" and
the like are the orientation or position relationships shown
in the drawings, merely for ease of description and sim-
plifying operations, and these relationships do not indi-
cate or imply that the referred device or component has
a specific orientation and is constructed and operated in
a specific orientation, and thus it is not to be construed
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as a limitation to the present application. In addition, the
terms "first" and "second" are used only to distinguish
between descriptions and have no special meaning.
[0080] In the description of the specification, the de-
scription of reference terms "an embodiment" or "exam-
ple" means that specific characteristics, structures, ma-
terials, or features described in connection with the em-
bodiment or example are included in at least one embod-
iment or example of the present application. In the spec-
ification, the illustrative description of the preceding terms
does not necessarily refer to the same embodiment or
example.

Claims
1. A piston, comprising:

a piston base (100);

a porous function layer (101), disposed on a top
surface of the piston base (100);

a micropore filling layer (102), disposed on a top
surface of the porous function layer (101),
wherein a diameter of each of pores in the mi-
cropore filling layer (102) is smaller than a diam-
eter of each of pores in the porous function layer
(101); and

a closing layer (103), disposed on a top surface
of the micropore filling layer (102) and config-
ured to partially block the pores in the micropore
filling layer (102).

2. The piston according to claim 1, wherein in a direc-
tion away from the porous function layer (101), at
least one parameter of porosities of the pores in the
micropore filling layer (102) and diameters of the
pores in the micropore filling layer (102) is in de-
scending order.

3. A piston manufacturing device, configured to man-
ufacture the piston according to any one of claims 1
to 2, comprising:

a clamp (1), configured to clamp a piston base
(100), wherein a top of the piston base (100) is
sealingly extends into the clamp (1) and forms
a sealing cavity with an inner wall of the clamp
(1)

a power supply (2), wherein an anode of the
power supply (2) is electrically connected to the
piston base (100), and a cathode of the power
supply (2) is electrically connected to the clamp
(1)

a first reaction mechanism (3), selectively com-
municating with the sealing cavity so as to form
a porous function layer (101) on a top surface
of the piston base (100);

a second reaction mechanism (4), selectively
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communicating with the sealing cavity so as to
form a micropore filling layer (102) on a top sur-
face of the porous function layer (101); and

a third reaction mechanism (5), selectively com-
municating with the sealing cavity so as to form
a closing layer (103) on a top surface of the mi-
cropore filling layer (102).

4. The piston manufacturing device according to claim
3, further comprising:

a three-way valve (9), wherein a first end of the
three-way valve (9) communicates with the first
reaction mechanism (3) and the second reaction
mechanism (4) separately, a second end of the
three-way valve (9) communicates with the seal-
ing cavity and the third reaction mechanism (5),
and a third end of the three-way valve (9) com-
municates with ambient atmosphere; and

a pump (10) able to communicate with the seal-
ing cavity so that ambient air enters the sealing
cavity through the three-way valve (9) to blow
and dry the piston base (100).

5. The piston manufacturing device according to claim
3, further comprising a sealing ring (6), wherein the
sealing ring (6) is sleeved on the piston base (100)
and abuts against the inner wall of the clamp (1), and
the sealing cavity is formed between the sealing ring
(6), and the inner wall of the clamp (1).

6. The piston manufacturing device according to claim
5, further comprising a fixed ring (7) and connectors,
wherein the fixed ring (7) is sleeved on the piston
base (100) and abuts against a bottom surface of
the sealing ring (6), and each of the connectors pass-
es through the fixed ring (7) and the piston base
(100).

7. A piston manufacturing method, for manufacturing
a piston by using the piston manufacturing device
according to any one of claims 3 to 6, comprising:

using a clamp (1) for sealingly clamping a piston
base (100), and forming a sealing cavity be-
tween the piston base (100) and an inner wall
of the clamp (1);

electrically connecting an anode of a power sup-
ply (2) to the piston base (100), and electrically
connecting a cathode of the power supply (2) to
the clamp (1);

opening a first reaction mechanism (3) and clos-
ing a second reaction mechanism (4) and a third
reaction mechanism (5) so that the first reaction
mechanism (3) communicates with the sealing
cavity; and forming, by using an electrochemical
manner, a porous function layer (101) on a top
surface of the piston base (100);
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opening the second reaction mechanism (4) and
closing the first reaction mechanism (3) and the
third reaction mechanism (5) so that the second
reaction mechanism (4) communicates with the
sealing cavity; and forming, by using the elec-
trochemical manner, a micropore filling layer
(102) on a top surface of the porous function
layer (101); and

opening the third reaction mechanism (5) and
closing the first reaction mechanism (3) and the
second reaction mechanism (4) so that the third
reaction mechanism (5) communicates with the
sealing cavity; and forming a closing layer (103)
covering a top surface of the micropore filling
layer (102).

The piston manufacturing method according to claim
7, before forming the closing layer (103), further com-
prising closing the power supply (2), the first reaction
mechanism (3), the second reaction mechanism (4),
and the third reaction mechanism (5) and opening a
three-way valve (9) and a pump (10) so that ambient
air enters the sealing cavity through the three-way
valve (9) to blow and dry the piston base (100) and
the clamp (1).

The piston manufacturing method according to claim
7, wherein the first reaction mechanism (3) is con-
figured to transmit a first electrolyte to the sealing
cavity, the second reaction mechanism (4) is config-
ured to transmit a second electrolyte to the sealing
cavity, and the third reaction mechanism (5) is con-
figured to transmit sealant to the sealing cavity.

The piston manufacturing method according to claim
7, before using the clamp (1) for sealingly clamping
the piston base (100), further comprising preproc-
essing the top surface of the piston base (100).
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Preprocess the top surface of the piston base 100

fSI

v

Prepare the first electrolyte and place the first electrolyte in the first reaction box
31, and prepare the second electrolyte and place the second electrolyte in the
second reaction box 41

fSZ

v

Place the preprocessed piston base 100 in the clamp 1 to be clamped and fixed,
and electrically connect the anode of the power supply 2 and the cathode of the
power supply 2 to the piston base 100 and the clamp 1 respectively

fS3

v

Open the power supply 2, the hydraulic pump 8, the first valve 32, and the three-
way valve 9, and transmit the first electrolyte to the sealing cavity to complete
the manufacturing of the porous function layer 101

fS4

v

Open the power supply 2, the hydraulic pump 8, the second valve 42, and the
three-way valve 9, and transmit the second electrolyte to the sealing cavity to
complete the manufacturing of the micropore filling layer 102

ISS

v

Close the power supply 2, the hydraulic pump 8, the first valve 32, the second

valve 42, the third valve 52, and the first vacuum valve 11 and open the three-

way valve 9, the pump 10, and the second vacuum valve 12 so that the sealing
cavity is blown and dried

fS6

v

Place the sealant in the third reaction box 51, close the pump 10 and the second
vacuum valve 12, open the third valve 52, spray the sealant onto the top surface
of the piston base 100 by the negative pressure in the sealing cavity, and
maintain preset time

fS7

v

Open the three-way valve 9 to air-bleed the sealing cavity, and disassemble the
piston base 100 and place the piston base 100 in the air to be dried

ISS

FIG. 3
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