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(57) ABSTRACT 

Disclosed herein is a fuel pump for an inter-cylinder direct 
fuel injection apparatus, in which occurrence of corrosion 
and attrition caused by cavitation or erosion can be Sup 
pressed, their resistance against the environment can be 
improved, and an excellent lifetime can be achieved in the 
case of the use of an aluminum material even if the tem 
perature reaches as high as 100° C. or higher and the 
pressure reaches as high as 7 to 12 MPa. In the fuel pump 
for an inter-cylinder direct fuel injection apparatus, made of 
aluminum or an aluminum alloy, a coating film plated with 
Ni-P or a Ni-P based material is formed by electroless 
plating. 
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FUEL PUMP FOR INTER-CYLINDER DIRECT 
FUEL INJECTION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of Ser. No. 
10/283,173, filed on Oct. 30, 2002. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a fuel pump for use 
in an inter-cylinder direct fuel injection apparatus for an 
automobile. 

0003. There has been conventionally used an inter-cyl 
inder direct fuel injection apparatus in a gasoline engine for 
an automobile in order to enhance fuel economy character 
istics, reduce a harmful exhaust gas, and improve an oper 
ating responsiveness Such as acceleration. 
0004. From the viewpoint of energy saving provided by 
the reduction of the weight of the automobile, a product is 
desired in which the reduction of the weight should be 
achieved by using an aluminum based material also in a fuel 
pump member in the inter-cylinder direct fuel injection 
apparatuS. 

0005) Japanese Patent Laid-open No. 7-48681 discloses 
the technique by which a metallic coating film is formed on 
aluminum or an aluminum alloy by electroleSS plating, and 
thereafter, is Subjected to electric plating. 
0006. However, since the electric plating also is used in 
addition to the electroleSS plating in the technique disclosed 
in Japanese Patent Application Laid-open No. 7-48681, no 
coating film may be formed in a region in which the 
electricity cannot flow very well when the technique is 
applied to an inter-cylinder direct fuel injection apparatus 
having numerous holes or narrow gaps as it is. Then, a base 
is exposed, thereby producing a problem of occurrence of 
damage Such as corrosion. 

SUMMARY OF THE INVENTION 

0007 AS described above, an object of the present inven 
tion is to provide a fuel pump for an inter-cylinder direct fuel 
injection apparatus, which is made of an aluminum material, 
and therefore, is excellent in lifetime. 
0008 AS means for achieving the above-described 
object, according to the present invention, a coating film 
plated with Ni-P or a Ni-P based material is formed on a 
fuel pump in an inter-cylinder direct fuel injection having a 
pump body made of aluminum or an aluminum alloy. 
Consequently, the aluminum or the aluminum alloy can 
SuppreSS corrosion due to alcohol or the like contained in 
gasoline and attrition caused by cavitation and erosion even 
if the temperature reaches as high as 100° C. or higher and 
the pressure reaches as high as 7 to 12 MPa, thus achieving 
the fuel pump having an excellent and high reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. Other objects and advantages of the invention will 
become apparent from the following description of embodi 
ments with reference to the accompanying drawings in 
which: 
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0010 FIG. 1 is a cross-sectional view showing a pump 
body of a fuel pump in a first preferred embodiment accord 
ing to the present invention; 
0011 FIGS. 2A and 2B are partly cross-sectional views 
showing the pump body of the fuel pump in the first 
preferred embodiment according to the present invention; 
0012 FIG. 3 is a view illustrating the configuration of a 
Surface treatment layer in the first preferred embodiment 
according to the present invention; 
0013 FIG. 4 is a view illustrating the configuration of 
another Surface treatment layer in the first preferred embodi 
ment according to the present invention; 
0014 FIG. 5 is a view illustrating the configuration of a 
further surface treatment layer in the first preferred embodi 
ment according to the present invention; 
0015 FIG. 6 is a view illustrating the configuration of a 

still further surface treatment layer in the first preferred 
embodiment according to the present invention; 
0016 FIG. 7 is a partly cross-sectional view showing the 
fuel pump in the first preferred embodiment according to the 
present invention; 
0017 FIG. 8 is a graph illustrating the corrosion of each 
of aluminum materials plated with various materials and 
Ni-P; 

0018 FIG. 9 is a graph illustrating a volume reduction 
quantity caused by cavitation attrition of each of the various 
materials, 

0019 FIG. 10 is a graph illustrating the influence of heat 
treatment on the cavitation attrition; 
0020 FIG. 11 is a diagram photographically illustrating 
the influence of heat treatment on the cavitation attrition; 

0021 FIG. 12 is a partly cross-sectional view showing a 
fuel pump in a Second preferred embodiment according to 
the present invention; and 

0022 FIG. 13 is a cross-sectional view showing a fuel 
pump in a third preferred embodiment according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0023 Ni-P plating is applied to a radial plunger fuel 
pump (one cylinder type) in the present embodiment. 
0024. Before a description is given of one preferred 
embodiment according to the present invention, explanation 
will be first made on problems arising in a fuel pump in the 
case where aluminum or an aluminum alloy is used as a 
material of a fuel pump body. 

0.025 (1) Problem of Corrosion of Aluminum 
0026. In the present embodiment, since aluminum to be 
used as the material of a fuel pump is stably present in the 
environment of dry air at a room temperature, an oxide 
coating film Al-O having a protecting property is formed at 
an Outermost Surface. 
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0027. However, if alcohol, water, an acidic component or 
the like is mixed into gasoline, corrosion of the material will 
be promoted. For example, it is construed that the aluminum 
is corroded in the presence of alcohol. 
0028. For example, a specific explanation will be made 
below by way of ethanol as one kind of alcohols. Aluminum 
and ethanol react with each other as the following chemical 
formula: 

0029) Although Al(OCH) is produced in the way, this 
compound is unstable, and therefore, it is instantly decom 
posed as the following chemical formulae: 

0030 That is to say, a thin Al-O barrier layer formed by 
the above-described reaction is instantly damaged by etha 
nol in a high-temperature State, and therefore, the corrosion 
of an aluminum base member having no barrier layer 
proceeds, thereby causing attrition. In addition, Such a 
reaction is accelerated as the temperature becomes higher. 
Specifically, the corrosion reaction with alcohol is acceler 
ated in a component part in a fuel passage System to be 
exposed in a region in which the temperature is as high as 
100° C. or higher without stopping. Additionally, the pres 
Sure reaches as high as 7 to 12 MPa in a preSSurizing 
chamber in the fuel pump, whereby the reaction Speed is 
accelerated without stopping. 
0031) (2) Problem of Attrition Caused by Cavitation 
0.032 The cavitation is caused by bubbles generated by a 
difference in pressure inside of a pump. In other words, a 
flow rate under a pressure as high as 7 to 12 MPa or higher 
is generated in the preSSurizing chamber inside of a fuel 
chamber; in contrast, a flow rate under a low pressure is 
generated at corners in a pump unit. Therefore, bubbles are 
produced, resulting in marked damage exerted on the pump. 
Namely, the cavitation becomes a very Serious problem in 
the fuel passage in which the fuel passes under a high 
preSSure. Furthermore, the degree of attrition caused by the 
cavitation is influenced also by the hardness of a base 
member. The attrition caused by the cavitation becomes 
conspicuous with respect to the aluminum material which is 
Soft. 

0033 (3) Problem of Attrition Caused by Erosion 
0034. As described already, the pressure as high as 7 to 
12 MPa or higher is generated in the pump unit (the 
pressurizing chamber) inside of the fuel chamber. Therefore, 
erosion in the fuel passage by a high-speed fluid becomes a 
Serious problem, and thus, Such an influence must be taken 
into consideration. In particular, the influence by the erosion 
becomes conspicuous at a portion formed into a complicated 
and narrow shape Such as a joint portion of the fuel passage 
at which the flow of the fuel is varied inside of the fuel 
chamber. 

0035. The damage caused by the above-described prob 
lems (1) to (3), that is, due to the corrosion and the attrition 
caused by cavitation and erosion the operation of the fuel 
pump is possibly Stopped. Each of the component parts 
made of the aluminum material in the fuel passage System 
for Supplying the fuel requires durability in the environ 
ments in which it is brought into contact with the fuels added 
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with various kinds of alcohols, the fuel added with water, the 
fuels added with acidic components, a deteriorated fuel and 
the like. 

0036) Next, descriptions will be given of a Ni-P plating 
treatment of a radial fuel pump and a method for fabricating 
a radial plunger fuel pump. 
0037 FIG. 1 shows the cross-sectional shape of a pump 
body made of an aluminum alloy. The pump body is 
provided with a fuel Suction passage, a fuel discharge 
passage, a fuel passage hole, a fixing bolt hole for fixing the 
pump body to the engine and the like. Moreover, the pump 
body includes a Suction damper, a Solenoid for a discharge 
quantity control and a pump mechanism (consisting of, for 
example, a cylinder and a plunger) in order to function as a 
fuel pump. 
0038. It is first necessary to fabricate the pump body. 
Here, if all of the pump body is shaped by machining, the 
productivity becomes poor. Therefore, there is an aluminum 
die casting method which is excellent in productivity of a 
Schematic shape (as cast) of the pump body. The aluminum 
die casting is a casting System for injecting a molten alloy 
(e.g., an aluminum alloy) into a die under a high pressure, 
and it is excellent in productivity. A fabricating proceSS by 
the aluminum die casting involves in Sequence processes for 
an aluminum alloy ingot, a dissolved material, a cast mate 
rial, an as-cast material, a machine-finished material, and 
finally, a pump body. In this process, the as-cast material for 
the pump body is shaped in Such a manner as to reduce a 
machining margin as possible. AS the aluminum alloy in this 
case, there can be used, for example, a twelfth aluminum 
alloy die casting (JIS ADC 12). According to the kind of 
aluminum alloy, the pump body is Subjected to machining 
after forging or only to machining, to be thus fabricated in 
a final shape. 
0039) Next, a coating film plated with Ni-P or a Ni-P 
based material is formed on the pump body, which has been 
fabricated in the above-described process. 
0040. The plated coating film in the present embodiment 
is made of the Ni-P or the Ni-Pbased material. Examples 
of the Ni-P based material include metals. Such as Co and 
W, inorganic compounds such as SiC, BN and PTFE, and an 
organic material such as B. The kind of Ni-P based 
material is not particularly restricted to the above-listed 
materials as long as it can be alloyed with or dispersed in the 
plated coating film. 

0041. It is desirable that a coating film plated with Ni-P 
or a Ni-P based material should be formed by an electro 
leSS method. In other words, although a fuel passage 
includes a portion having a complicated and narrow shape, 
a coating film is essentially required to be formed even at 
Such a portion, and further, the thickness of the plated 
coating film need be as uniform as possible. A plating 
method by electric energy is undesirable because the plated 
coating film cannot be formed at the complicated and narrow 
portion in the fuel passage due to a non-uniform in electric 
field distribution attributable to a shape effect, or the plated 
coating film is liable to become non-uniform even if it can 
be formed. 

0042. Here, in the electroless Ni-P plating, when a 
negative ion of hypophosphite in a plating Solution is 
brought into contact with a metal of the eighth group in the 
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periodic table under a certain condition, the metal Serves as 
a catalyst, thereby generating dehydrogenation decomposi 
tion. The produced hydrogen atom is adsorbed to the metal 
lic Surface of the catalyst, thereby forming a condensed 
layer, which is then activated. The condensed layer is 
brought into contact with a positive ion of nickel in the 
plating Solution, So that nickel is reduced to metal, to be 
deposited on the metallic Surface of the catalyst (i.e., a base 
member). Furthermore, the activated hydrogen atom on the 
metallic Surface of the catalyst reacts with the negative ion 
of hypophosphite in the plating Solution, and then, phosphor 
contained in the hypophosphite is reduced to be alloyed with 
nickel. This deposited nickel Serves as the catalyst, and thus, 
the above-described nickel reducing plating reaction con 
tinuously proceeds. That is to say, the electroless Ni-P 
plating is featured in that the plating continuously proceeds 
owing to the Self-catalysis of nickel. Consequently, the 
plated coating film can be uniformly formed if there is a 
clearance through which the plating Solution can pass. 
Moreover, Since the thickness of the plated coating film is 
proportional to a plating period of time, the thickneSS can be 
managed by controlling the period of time. 
0043. Additionally, in the process of forming the coating 
film plated with the Ni-P or the Ni-P based material, the 
plated coating film is essentially required to be uniformly 
formed over the entire surface of the pump body. Therefore, 
in the plating process, it is important that the entire Surface 
of the pump body should be brought into contact with the 
plating Solution, and that the plating Solution should be 
circulated without any retention. 
0044) In order to bring the entire surface of the pump 
body into contact with the plating Solution, it is effective that 
the pump body is disposed (or Suspended) Such that no air 
Sump is generated inside of various kinds of holes formed in 
at least the fuel passage of the pump body, and that various 
kinds of holes formed as the fuel passage, which is an 
important portion in the pump body, are through holes. At 
this time, in Spite of the through hole, the plating Solution 
may be retained in the case of a so-called no-go hole (i.e., 
a hole at which another hole is bored in the vicinity of not 
a short portion of the passage but the center of the passage, 
as shown in FIG. 2B). In this case, it is very effective that 
the uniform plated coating film is formed by connecting the 
holes to each other in the vicinity of the short portion of each 
of the various kinds of holes, as shown in FIG. 2A, so as to 
prevent any retention of the plating Solution. 
004.5 The circulation of the plating solution over the 
entire Surface of the pump body without any retention is 
essentially required to enable the deposition by the Self 
catalysis of the Ni-P or the Ni-P based material to 
continuously proceed. If the retention occurs, the deposition 
by the Self-catalysis in the limited quantity of the plating 
Solution comes to an end, and the deposition thereafter is 
Stopped. Therefore, the thickness of the plated coating film 
cannot be increased. As a consequence, the thickneSS 
becomes non-uniform. In order to prevent the above-de 
Scribed inconvenience, the pump body is allowed to be 
moved in the plating Solution, for example, Vertically, lat 
erally or rotationally So as to fluidize the plating Solution as 
one method for circulating the plating Solution over the 
entire Surface of the pump body without any retention. 
0046. As described above, it is possible to achieve the 
contact with the plating Solution over the entire Surface of 
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the pump body and prevent any retention of the plating 
Solution, thus forming the uniform and excellent plated 
coating film with little deficiency over the entire surface of 
the pump body. 
0047. In the present embodiment, the aluminum alloy 
casting material JIS ADC 12 was used, a Ni-P plated 
coating film was formed in a thickness of 15 um (a thickness 
distribution of t2 um) over the entire Surface of a pump 
body 100. The concentration of P contained in the Ni-P 
plating Solution was about 11% by weight. 
0048 FIGS. 3 to 6 illustrate examples of the surface 
Structure of a fuel pump. 
0049 FIG. 3 illustrates the surface structure in which a 
plated coating film 501 is formed on a base member 500 
made of an aluminum alloy. 
0050 FIG. 4 illustrates the surface structure in which a 
plated coating film 501 and an intermediate layer 502 are 
formed on a base member 500 made of an aluminum alloy. 
0051 FIG. 5 illustrates the surface structure in which a 
plated coating film 501 and an outer layer 503 are formed on 
a base member 500 made of an aluminum alloy. 
0052 FIG. 6 illustrates the surface structure in which a 
plated coating film 501 is formed on a base member 500 
made of an aluminum alloy, and further, deficient portions 
such as pores in the plated coating film 501 are coated with 
a sealing layer 504. 
0053) The intermediate layer 502 has the function of 
enhancing the adhesion to the plated coating film 501 or 
improving corrosion resistance. The intermediate layer 502 
for enhancing the adhesion is made of Ni. An oxide coating 
film or a chromate coating film is used in order to improve 
the corrosion resistance. It is desirable that a fine coating 
film formed in water at a high temperature under a high 
preSSure should be used as the oxide coating film. 
0054) The outer layer 503 has the function of improving 
the corrosion resistance of the plated coating film 501. The 
material of the outer layer 503 is chromate. 
0055. The sealing layer 504 is adapted to seal the defi 
cient portions of the plated coating film 501, and has the 
function of improving the corrosion resistance. The Sealing 
layer 504 is formed of an oxide coating film or a chromate 
coating film. It is desirable that a fine coating film formed in 
water at a high temperature under a high pressure should be 
used as the oxide coating film. 
0056 Furthermore, the coating film formed by the elec 
troless plating was Subjected to heat treatment in the present 
embodiment, So as to increase the hardness of the coating 
film and enhance the adhesion between the base member and 
the coating film, thereby enhancing cavitation resistance. 
The details will be described later. The heat treatment of the 
plated coating film was performed at a temperature of 200 
C. for 1.5 hours in the atmosphere. Consequently, the 
hardness of the Ni-P plated coating film was increased 
from 520 HV without any heat treatment to as high as 600 
HV after the heat treatment. 

0057 Subsequently, explanation will be made on a radial 
plunger fuel pump in the present embodiment, fabricated by 
the above-described fabricating method, in reference to 
FIG. 7, which is a cross-sectional view. Here, the Ni-P 
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plating is uniformly applied to the pump body 100 made of 
the aluminum material in the above-described process. Inci 
dentally, in the present embodiment, component parts in 
contact with fuel in the fuel pump were made of an alumi 
num material. Moreover, the pump body 100, a pressurizing 
chamber 112, a fuel Suction passage 110, a fuel discharge 
passage 111 and the like are assumed to be used in contact 
with gasoline containing alcohol Such as methyl alcohol or 
ethyl alcohol, various kinds of gasoline additives or dete 
riorated gasoline (of course, it is to be understood that the 
fuel may contain only gasoline). 

0058. In the pump body 100, there are formed, as the fuel 
passage, the fuel Suction passage 110, a Suction hole 105a, 
a pump chamber 112a, a discharge edge 106a and the fuel 
discharge passage 111. A Suction valve 105 is interposed 
between the fuel suction passage 110 and the Suction hole 
105a; in the meantime, a discharge valve 106 is interposed 
between the fuel discharge passage 111 and the discharge 
edge 106a. Each of the Suction valve 105 and the discharge 
valve 106 is a check valve for limiting the passing direction 
of the fuel. Here, the pressurizing chamber 112 is configured 
by including the pump chamber 112a, the suction hole 105a 
and the discharge edge 106a. That is to Say, the preSSurizing 
chamber 112 is formed in a region defined by the pump body 
100, a plunger 102, the suction valve 105 and the discharge 
valve 106. The plunger 102 is configured in such a manner 
as to be brought into press-contact with a drive cam 200 via 
a lifter 103, so as to convert an oscillating motion of the 
drive cam 200 into a reciprocating motion, thereby changing 
the volume of the pressurizing chamber 112. 

0059. In the meantime, the pump body 100 is brought 
into press-contact with a suction valve holder 105b and a 
discharge valve holder 106b, respectively, and further, a 
cylinder 108 and the pump body 100 are brought into 
press-contact with each other via a protector 120. The 
protector 120 is useful for preventing the base member of the 
pump body or the like from being broken caused by occur 
rence of cavitation, described later. The use of the protector 
120 may be selected depending upon the condition of the 
pump to be used. Although the protector 120 dare be 
provided in the present embodiment, no use of the protector 
120 may be selected as long as the Ni-P plating is made 
thick and the corrosion resistance and cavitation resistance 
can be sufficiently achieved. In addition, since the Ni-P 
plating is applied to the pump body in the radial plunger fuel 
pump in the present embodiment, it is possible to SuppreSS 
a direct contact between the Soft aluminum base member 
and the protector 120 which may occur when the protector 
120 (inclusive of a press-contact member Such as the cyl 
inder 108, hereinafter in the same manner) is brought into 
preSS-contact, and further, to Suppress generation of powder 
of the soft base member when the protector 120 is brought 
into preSS-contact. Moreover, Since the pump body is made 
of the aluminum material and the press-contact member is 
made of a member harder than the aluminum material (for 
example, JIS SUS 304) in the present embodiment, the 
preSS-contact member can be embedded in the pores So as to 
enhance the Sealing property, and additionally, the Ni-P 
plated layer having a middle hardneSS is interposed between 
the aluminum material and the harder preSS-contact member, 
thereby preventing any excessive deformation of the alumi 
num material more than required during the preSS-contact. 
Here, it is to be understood that the protector 120 can be used 
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also in other press-contact portions, thereby producing the 
Same effect as that described above. 

0060 Next, a brief explanation will be made on the 
operation of the radial plunger fuel pump in the present 
embodiment. 

0061 The fuel, i.e., the gasoline is supplied via the 
Suction valve 105, and then, is introduced into the pressur 
izing chamber 112. Here, the operation of the Suction valve 
105 depends upon that of a solenoid 300. Namely, when the 
Solenoid 300 is not operated (not energized), an energizing 
force is applied in a direction in which the suction valve 105 
is opened; in contrast, when the Solenoid 300 is operated 
(energized), the Suction valve 105 serves as a free valve 
which is opened or closed in Synchronism with the recip 
rocating motion of the plunger 102. When the suction valve 
105 is closed during a compressing process of the plunger 
102, the inner pressure inside of the pressurizing chamber 
112 is increased to thus automatically open the discharge 
valve 106, so that the fuel is press-fed to the fuel discharge 
passage. 

0062 FIG. 8 illustrates the corrosion resistance of vari 
ous kinds of materials and the aluminum material plated 
with Ni-P, which is one surface treatment according to the 
present invention. A solution containing 13.5% by volume of 
ethyl alcohol in water and having an acidic ion concentration 
of 0.13 mg KOH/g in the total acid value was used in the 
environment of a corrosion test. FIG. 8 is a graph illustrating 
a open circuit potential and a pitting corrosion potential in 
the Solution, wherein the corrosion resistance is more excel 
lent as both of the open circuit potential and the pitting 
corrosion potential are higher. A value of an JIS SUS 304 
Stainless Steel to be generally used as a material excellent in 
corrosion resistance is plotted in a region in which both of 
the open circuit potential and the pitting corrosion potential 
are high, and as a result, it is found that the JIS SUS 304 
Stainless Steel is excellent in corrosion resistance. In con 
trast, a value of an aluminum alloy ductile material JISA 
1012 excellent in corrosion resistance is plotted in a region 
in which both of the open circuit potential and the pitting 
corrosion potential are lower, and as a result, it is revealed 
that the aluminum alloy flatting material JISA 1012 is poor 
in corrosion resistance. In addition, a value of an aluminum 
alloy casting material JISADC 12 is plotted in a region in 
which both of the open circuit potential and the pitting 
corrosion potential are much lower, and as a result, it is 
found that the aluminum alloy casting material JISADC 12 
is poorer in corrosion resistance. Values of an alloy tool Steel 
JIS SKD 11 as an iron-based material, a spheroidal graphite 
cast iron JIS FCD 400 and a carbon Steel JIS S45C are 
plotted in a region in which both of the open circuit potential 
and the pitting corrosion potential are low, wherein the 
corrosion resistance is slightly better Since the open circuit 
potential is higher than that of the aluminum alloy casting 
material JISADC 12. This result revealed that the aluminum 
alloy casting material JISADC 12 was one of the materials 
poor in corrosion resistance. However, a material prepared 
by plating the aluminum alloy casting material JISADC 12 
with Ni-P was remarkably higher in open circuit potential 
and pitting corrosion potential than the materials except for 
SUS, and therefore, was excellent in corrosion resistance. 
Consequently, the material prepared by plating the alumi 
num alloy casting material JISADC 12 with Ni-P has great 
advantages from the Viewpoints of a light weight and easy 
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machining, and thus, it is appreciated to be a very useful 
material, although it is slightly poorer in corrosion resistance 
than JIS SUS 304. 

0.063 Subsequently, the cavitation resistance was stud 
ied. FIG. 9 is a graph illustrating a volume reduction 
quantity due to cavitation attrition of various kinds of 
materials by a magnetostrictive vibration destructive testing 
device. 

0064. The measurement by the magnetostrictive vibra 
tion destructive testing device was achieved by comparing 
the attrition degrees of various kinds of materials caused by 
the cavitation in pure water at a frequency of 20 kHz, an 
amplitude of 22.4 um and a temperature of 20° C. FIG. 9 
shows the result that the Volume reduction quantity is great 
with respect to soft aluminum based materials (see JISADC 
12 and the like) while the volume reduction quantity is small 
with respect to hard iron Steel, cast iron and Stainless Steel. 
However, if JIS ADC 12 is plated with Ni-P or Ni-P- 
SiC, the volume reduction quantity of JISADC 12 becomes 
as small as those of the iron steel and cast iron (see “JIS 
ADC 12+Ni-P” and the like). From this result, in order to 
improve the cavitation resistance of the aluminum based 
material by the Surface treatment, it is found that plating 
with a Ni-Pbased material is excellent in forming a surface 
treatment coating film. Also in this case, Since the aluminum 
material is used in the preferred embodiment according to 
the present invention, it is construed that a greater advantage 
can be obtained from the viewpoints of the light weight and 
easy machining in comparison with the other base members 
in the Same manner as described above. Incidentally, it is 
necessary to take the influence of the hardneSS or thickneSS 
of the coating film into consideration with respect to the 
cavitation resistance. 

0065 FIG. 10 is a graph illustrating the influence by the 
heat treatment using the Ni-P plated coating film on the 
cavitation attrition by the magnetostrictive vibration 
destructive testing device. The Ni-P plated coating film 
becomes harder by the heat treatment. That is to Say, the 
hardness of the Ni-P plated coating film is about 500 HV 
only by plating treatment; in contrast, it becomes greater as 
the temperature of the heat treatment is increased, and thus, 
about 1000 HV at about 400° C. In addition, the Ni-P 
plated layer is Subjected to the heat treatment, So that the 
adhesion between the aluminum material and the Ni-P 
plated layer can be enhanced, thereby Suppressing the attri 
tion caused by the cavitation. From FIG. 10, the attrition 
caused by the cavitation is less in the coating film Subjected 
also to the heat treatment at 200 C. than in the coating film 
Subjected only to the plating treatment because of the effects 
Such as the increase in hardneSS and the enhancement of the 
adhesion. Furthermore, FIG. 11 photographically illustrates 
the test results of the influence of the Ni-P plating on the 
cavitation, corresponding to FIGS. 9 and 10. As is obvious 
from FIG. 11, samples subjected to the heat treatment at 
200 C. for 1 hour could not show any attrition caused by the 
cavitation even if 50 minutes and 80 minutes elapsed. In 
contrast, a Sample Subjected to no heat treatment showed the 
attrition caused by the cavitation after a lapse of a test time 
of no more than 50 minutes. Namely, FIG. 11 shows that the 
hardneSS and adhesion of the plated coating film are 
enhanced owing to the heat treatment, So that the cavitation 
resistance can be remarkably improved. As a result, it is 
effective to subject the Ni-P plated coating film to the heat 

Aug. 18, 2005 

treatment in order to enhance the cavitation resistance of the 
Ni-P plated coating film. However, if deformation of the 
fuel pump due to the heat treatment is taken into consider 
ation, the heat treatment need be performed at a low tem 
perature. Moreover, the higher hardneSS is desired in View of 
the cavitation resistance. However, if the heating tempera 
ture is increased in order to increase the hardness of the 
plated coating film, the plated coating film is crystallized (at 
a crystallization temperature of about 220 C.), thereby 
generating a granular boundary of crystals. Due to Such a 
granular field, the fuel containing alcohol corrodes the 
aluminum base member, thereby possibly deteriorating the 
corrosion resistance by contraries. Thus, it is effective that 
the temperature of the heat treatment cannot extremely 
exceed the crystallization temperature of the Ni-P plated 
coating film, which is kept in an amorphous State. 
0066. From the viewpoint of the balance between the 
corrosion and the cavitation which are taken into consider 
ation, as described above, it is desirable that the heat 
treatment should be performed at a temperature of 300 C. 
or lower (about 800 HV). Additionally, it is effective that the 
amorphous State is kept by performing the heat treatment at 
a temperature of 220° C. or lower (about 650 HV). 
0067. Here, in the case where the thickness of the plated 
coating film is 10 um or less, the plated coating film may be 
possibly peeled off by the corrosion, the cavitation or the 
like, and consequently, the base member may be possibly 
exposed and corroded before the fuel pump approaches the 
end of its lifetime. In contrast, in the case where the 
thickness of the plated coating film is 50 um or more, a 
difference in dimension between a Screw and a Screw hole 
cannot be negligible, although the thickness is effective from 
the Viewpoints of the corrosion resistance, the cavitation 
resistance and the fitting of the Screw into the Screw hole, 
thereby making it difficult to fix the preSS-contact compo 
nent parts. In consideration of the above facts, in the case 
where the uniform plated layer is formed by the electroless 
plating, the thickness of the plated coating film is desirable 
to be about 25 lum. The reasons why the Ni-P plated 
coating film is effective for fitting of the Screw into the Screw 
hole are that: the Surface of the aluminum material becomes 
smooth by the Ni-P plating even if the surface is rough; the 
shape of the Screw hole becomes more Stable in comparison 
with the fitting of the screw into the screw hole formed at the 
aluminum material Subjected to no Surface treatment when 
the hardness of the Ni-Pplated layer becomes high; and the 
generation of aluminum powder caused by the friction 
between aluminum and the press-contact member in Screw 
ing can be Suppressed. AS long as the above-described 
results are taken into consideration, the electroleSS plating 
treatment, in which both of the screw hole portion and the 
fuel passage can be Subjected to the plating treatment at one 
time, is very effective. 
0068 Additionally, an actual machine endurance test of 
the fuel pump in the present embodiment also was per 
formed. Gasoline added with 22% of ethanol was used as the 
fuel, and the test was performed at an engine Speed of 3,500 
r/min and a discharge pressure of 12 MPa. As a result, the 
pump could be actuated without any abnormality, and fur 
ther, a gasoline discharge flow rate exhibited a Stable value. 
After the test, when the pump was disassembled and each of 
the component parts inside of the fuel chamber was 
inspected, there were found no generation of corrosion at 
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any component part, no attrition caused by the corrosion and 
the occurrence of the attrition in the fuel passage caused by 
the cavitation, and therefore, the normal State could be kept. 
In contrast, without any treatment, there were found the 
corrosion by aluminum and ethanol and the attrition caused 
by the cavitation and erosion, as described already. 
0069. As described above, since the coating film plated 
with the Ni-P or the Ni-Pbased material is formed in the 
fuel passage in the fuel pump in the present embodiment, the 
occurrence of the corrosion and the attrition caused by the 
cavitation and erosion can be Suppressed, and therefore, 
their resistance against the environment could be improved. 
In this manner, the fuel pump made of aluminum or the 
aluminum alloy can be obtained for the first time, thereby 
achieving the fuel pump having the complicated Shape with 
ease. It is to be understood that the effects in the present 
embodiment can be produced with either aluminum Singly 
or the aluminum alloy as long as the material is aluminum. 

Second Embodiment 

0070 A second embodiment is the same as the first 
embodiment except for points described below. The second 
embodiment will be explained in reference to FIG. 12. 
0071 FIG. 12 shows a radial plunger fuel pump having, 
at a part of a low pressure chamber of a pump body 
partitioning a pressurizing chamber and the low pressure 
chamber, a portion at which an aluminum material is 
exposed by peeling off plating or no plating treatment dare 
be performed. In this way, the corrosion resistance of the 
portion, at which the aluminum material is exposed, is made 
lowest among other portions, that is, the low pressure 
chamber and the pressurizing chamber can communicate 
with each other prior to other corroded portions, thereby 
preventing other Serious deficiencies caused by corrosion 
although there may occur a deficient increase in pressure in 
the relatively low-risk situation. 

Third Embodiment 

0.072 FIG. 13 is a cross-sectional view showing a Swash 
plate type axial plunger fuel pump (a three-cylinder type). 
0073. The Swash plate type axial plunger fuel pump 
comprises a shaft 1 for transmitting drive force to the inside 
of a housing from the outside; a Swash plate 9 for converting 
a rotating motion into an oscillating motion via the shaft; a 
plunger 11 for converting a rotating motion of the Swash 
plate 9 into a reciprocating motion; and a cylinder bore 13 
for Sucking and discharging fuel in combination with the 
plunger 11. 
0074 As shown in FIG. 13, the shaft 1 is integrated with 
the Swash plate 9 which extends in a radial direction and is 
formed at the end Surface thereof into a Slant plane. A slipper 
10 is brought into contact with the Swash plate 9. At the outer 
periphery of the slipper 10 on the side of the Swash plate 9, 
there is provided a taper for assisting the formation of an oil 
film between the Swash plate 9 and the slipper 10. The 
Slipper 10 is formed into a spherical shape on the other side 
thereof, and thus, is Supported by the Spherical Surface 
formed at the plunger 11 which slides inside of the cylinder 
bore 13. The oscillating motion generated when the Swash 
plate 9 is rotated is converted into the reciprocating motion 
of the plunger 11. 
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0075 With this pump structure, a pump chamber 14 is 
defined inside of a cylinder 12 by the plurality of cylinder 
bores 13 and plungers 11. There is provided a Suction Space 
15 communicating with each of the plungers 11 at the center 
portion of the cylinder 12, So as to Supply the fuel to the 
pump chamber 14. In order to introduce the fuel into the 
Suction Space 15, a fuel pipeline outside of the pump is fixed 
to a rear body 20. A suction chamber 30 at the center portion 
of the rear body 20 is connected to the suction space 15 
formed in the cylinder 12 through a Suction passage inside 
of the rear body 20. 
0076. The plunger 11 incorporates therein a suction valve 
24 (i.e., a check valve) for Sucking the fuel, a ball 21, a 
Spring 22 and a stopper 23 for Supporting the Spring 22. A 
plunger Spring 25 is inserted for the purpose of pressing the 
plunger 11 against the Swash plate 9 all the time So as to 
allow the plunger 11 together with the slipper 10 to follow 
the Swash plate 9. 

0077. A communication path A16 to the suction valve 24 
disposed inside of the plunger 11 is formed as a communi 
cation path to a countersink 51 and the Suction Space 15 
disposed in the cylinder bore 13. The countersink 51 has a 
diameter greater than the cylinder bore 13, and is formed 
down to Such a depth as to achieve the communication 
between an introducing hole 19 and the countersink 51 also 
when the volume of the pump chamber 14 is sufficiently 
reduced (when the position of the plunger is located at a top 
dead center) in Such a manner that the fuel can be introduced 
into the plunger 11 all the time. 
0078. In the Swash plate type axial plunger fuel pump 
shown in FIG. 13, an aluminum material is used in the rear 
body 20 as a component part which is brought into contact 
with the fuel. Corrosion resistance is required for the rear 
body 20 in the case where corrosion may occur caused by 
the fuel of gasoline added with methyl alcohol or ethyl 
alcohol, various kinds of gasoline additives or deteriorated 
gasoline. Other component parts, for example, the cylinder 
12 and the cylinder bore 13 are made of a stainless steel and 
an alloy tool Steel, respectively. 

007.9 The rear body 20 is provided with a fuel passage 
consisting of a discharge Valve 28, a discharge chamber 29, 
the Suction chamber 30 and the like. Furthermore, the rear 
body 20 is tightened to a body 5, and air-tightness thereof is 
secured by an O-ring 31. 

0080. Then, in the present embodiment, the plated coat 
ing film having the structure shown in FIG. 1 was formed 
over the entire rear body 20 in the fuel pump. The Ni-P 
plated coating film had a concentration of P of about 11% by 
weight, a thickness of 15 um and a thickness distribution of 
+2 um. The rear body 20 was subjected to heat treatment at 
a temperature of 250 C. for 1 hour in the atmosphere. 
Consequently, the hardness of the Ni-P plated coating film 
was increased from about 520 HV without any heat treat 
ment to 657 HV after the heat treatment. 

0081. Subsequently, an actual machine endurance test of 
the fuel pump in the present embodiment was performed. 
Gasoline added with 15% of ethanol was used as the fuel, 
and the test was performed at an engine Speed of 3,500 r/min 
and a discharge pressure of 12 MPa. As a result, the pump 
could be actuated without any abnormality, and further, a 
gasoline discharge flow rate exhibited a stable value. After 



US 2005/0178441 A1 

the test, when the pump was disassembled and each of the 
component parts inside of the fuel chamber was inspected, 
there were found neither generation of corrosion at any 
component part nor occurrence of the attrition caused by the 
corrosion, cavitation or erosion in the fuel passage, and 
therefore, the normal State could be kept. In contrast, without 
any treatment, there were found the attrition caused by the 
corrosion by aluminum and ethanol over the entire periphery 
of the portion in contact with the O-ring and in the fuel 
passage in the discharge chamber at a portion Sealed with the 
O-ring in the rear body. 
0082. As described above, since the coating film plated 
with the Ni-P or the Ni-Pbased material is formed in the 
fuel passage in the fuel pump in the present embodiment, the 
occurrence of the corrosion and the attrition caused by the 
cavitation and erosion can be Suppressed, and therefore, 
their resistance against the environment could be improved. 
In this manner, the fuel pump made of aluminum or the 
aluminum alloy can be obtained for the first time, thereby 
achieving the fuel pump having the complicated Shape with 
CSC. 

0.083 AS described above, according to the present 
invention, it is possible to provide the fuel pump for the 
inter-cylinder direct fuel injection apparatus, having the 
excellent lifetime by the use of the aluminum material. 
0084. While the invention has been described in its 
preferred embodiments, it is to be understood that the words 
which have been used are words of description rather than 
limitation and that changes within the purview of the 
appended claims may be made without departing from the 
true Scope and Spirit of the invention in its broader aspects. 
What is claimed is: 

1. A fuel pump for an inter-cylinder direct fuel injection 
apparatus comprising: 

a pump body made of aluminum or an aluminum alloy; 
and 

a fuel passage of the pump body in which gasoline added 
with or without alcohol flows; 

wherein a coating film plated with Ni-P or a Ni-P 
based material is formed on the pump body and the fuel 
passage of the pump body. 

2. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein the coating film 
plated with the Ni-P or the Ni-Pbased material is formed 
in a thickness of 10 um or more. 

3. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein the coating film 
plated with the Ni-P or the Ni-Pbased material is formed 
in a thickness of 10 um or more and 50 um or less. 

4. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein the coating film 
plated with the Ni-Por the Ni-Pbased material is 500 HV 
O OC. 

5. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein an oxide coating 
film or a chromate coating film is formed between the 
aluminum or the aluminum alloy and the coating film plated 
with the Ni-P or the Ni-P based material. 

6. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein an oxide coating 
film or a chromate coating film is further formed on the 
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aluminum or the aluminum alloy and the coating film plated 
with the Ni-P or the Ni-P based material. 

7. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein the fuel passage 
includes a pressurizing chamber and a low pressure cham 
ber, the preSSurizing chamber and the low pressure chamber 
being partitioned from each other via the aluminum or the 
aluminum alloy, and 

wherein there is provided a portion at which the alumi 
num or the aluminum alloy is exposed at a part, on the 
Side of the low preSSure chamber, of the aluminum or 
the aluminum alloy for partitioning the pressurizing 
chamber and the low preSSure chamber from each other. 

8. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein the coating film 
plated with the Ni-P or the Ni-P based material is 
amorphous. 

9. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, further comprising: 

a pump body made of aluminum or an aluminum alloy; 
a seal made of a coating film plated with Ni-Por a Ni-P 

based material, which is applied to the aluminum or the 
aluminum alloy; and 

a preSS-fitting member. 
10. A fuel pump for an inter-cylinder direct fuel injection 

apparatus as claimed in claim 9, wherein the Seal of the 
coating film plated with the Ni-P or the Ni-P based 
material is formed in a thickness of 10 um or more. 

11. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 9, wherein the Seal of the 
coating film plated with the Ni-P or the Ni-P based 
material is formed in a thickness of 10 um or more and 50 
tim or less. 

12. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 9, wherein the Seal of the 
coating film plated with the Ni-P or the Ni-P based 
material is 500 HV or more. 

13. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 9, wherein an oxide coating 
film or a chromate coating film is formed between the pump 
body made of the aluminum or the aluminum alloy and the 
seal of the coating film plated with the Ni-P or the Ni-P 
based material. 

14. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 9, wherein an oxide coating 
film or a chromate coating film is further formed on the 
pump body made of the aluminum or the aluminum alloy 
and on the seal of the coating film plated with the Ni-P or 
the Ni-P based material. 

15. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 14, wherein the coating film 
plated with the Ni-P or the Ni-P based material is 
amorphous. 

16. A fuel pump for an inter-cylinder direct fuel injection 
apparatus having a pump body made of aluminum or an 
aluminum alloy, the apparatus comprising: 

a fuel passage of the pump body provided with holes, 
gasoline added with or without alcohol flowing in the 
fuel passage, 

wherein each of the holes is continuous to the other holes 
in the vicinity of a short portion; and 
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a coating film plated with Ni-P or a Ni-p based material 
is formed on the fuel passage. 

17. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 16, wherein the plated coating 
film is formed in a thickness of 10 um or more. 

18. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 16, wherein the plated coating 
film is formed in a thickness of 10 um or more and 50 lum 
or less. 
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19. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 16, wherein the coating film 
plated with the Ni-P or the Ni-P based material is 
amorphous. 

20. A fuel pump for an inter-cylinder direct fuel injection 
apparatus as claimed in claim 1, wherein a Screw of the 
pump body is plated with the Ni-p. 

k k k k k 


