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DEESCRIPTION
CYLINDEER LINER AND METHOD FOR MANUFACTURING THE SAME
TECHNICAL FIELD

The present invention relates to a cylinder liner of am

engine.
BACKGROUND ART

Cylinder blocks for engines with cylindex liners have
been put to practical use. As such a cylindex liner, the one
disclosed in Japanese Laid—Open Utility Model Publication No.
53-163405 is known.

Recent environmental concerns have created a demand for
an improved fuel consumption rate of engines. On the other
hand, it has been found out that, if the temperature of a
cylinder significantly fall s below an appropriate temperature
at some locations during operation of an engimne, the viscosity
of the engine ocil about those locations will be excessively
high. This increases the friction and thus degrades the fuel
consumption rate. Such deterioration of the fuel consumption
rate due to the cylinder ten@eratufe is particularly |
noticeable in engines in which the thermal conductivity of the
cylinder block is relatively great (for example, an engine

made of an aluminum alloy) .
DISCLOSURE OF THE INVENTION

Accordingly, it is an objective of the present invention
to provide a cylinder liner and a method for manufacturing the
same that suppresses excessive decreases in the temperature of

a cylinder.
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To achieve the foregoing objectives and in accordance
with a first aspect of the present inventiom, a cylinder linex
for insert casting used in a cylinder block is provided. This
cylinder liner includes amn outer circumferemtial surface on
which a £ilm is formed. This film functions to form gaps

between the cylinder block and the cylinder liner.

In accordance with a second aspect of the present
invention, a cylinder liner for insert cast ing used in a
cylinder block is provided. This cylinder Iliner includes an
outer circumferential sur face on which a film is formed. This
film functions to reduce adhesion of the cylinder liner to the

cylinder Dblock.

In accordance with a third aspect of the present
invention, a cylinder liner for insert cast ing used in a
cylinder block is provided. This cylinder liner includes an
outer circumferential sur face on which a film is formed. This

film is made of a mold release agent for die casting.

In accordance with a fourth aspect of the present
invention, a cylindér liner for insert casting used in a
cylinder block is provided. This cylinder liner includes an
outer circumferential sur face on which a film is formed. This

film is made of a mold wash for centrifugal casting.

In accordance with a fifth aspect of the present
invention, a cylinder liner for insert casting used in a
cylinder block is provided. This cylinder liner includes an
outer circumferential sur face on which a film is formed. This
film is made of a low adhesion agent containing graphite as a

major cormponent.

In accordance with a sixth aspect of tthe present

2
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invention, a cylinder lirier for insert casting used in a
cylinder block is provided. This cylindex liner includes an
outer circumferential sur face on which a £ilm is formed. This
film is made of a low adhesion agent containing boron nitride

as a major component.

In accordance with & seventh aspect of the present
invention, a cylinder linmer for insert casting used in a
cylinder block is provided. This cylindex liner includes an
outer circumferential surface on which a £ilm is formed. This

film is mnade of a metallic paint.

In accordance with an eighth aspect of the present
invention, a cylinder limer for insert casting used in a
cylinder block is provided. This cylindex liner includes an
outer circumfefential suxrface on which a film is formed, the

£film being made of a high-temperature res in.

in accordance with & ninth aspect of the present
invention, a cylinder limer for insert casting used in a
‘cylinder block is provided. This cylinder liner includes an
outer ci rcumferential suxface on which a film is formed. This

film is made of a chemical conversion treatment layer.

In accordance with a tenth aspect of the present
invention, a cylinder limer for insert casting used in a
cylinder block is‘provided. This cylinder liner includes an
outer circumferential surface on which a film is formed. This

film is formed of an oxide layer.

In accordance with an eleventh aspect of the present
invention, a cylinder liner for insert casting used in a
cylinder block is provided. This cylinder liner includes an
outer ci rcumferential surface on which a film is formed. This
film is formed of a sprayed layer made of an iron-based

3
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material . The sprayed layer includes a plurality of layers.

In accordance with a twelfth aspect of the present
invention, a cylinder limer for insert casting used in a
cylinder block is provided. This cylinder liner includes an
outer circumferential surface having a plurality of
projections. Each projection has a constricted shape. A film
is formed on the outer circumferential surface. This film has .
a thermal conductivity 1l ower than that of at least one ©f the

cylinder block and the cylinder liner.

In accordance with a thirteenth aspect of the present
invention, a cylinder limner for insert casting used in &
cylinder block is provided. This cylinder liner includes an
outer circumferential surface extending from a middle portion
to a lower end of the cyiinder. liner wi th respect to an axial
direction of the cylinder liner. A film is formed on the
outer circumferential surface. This fi lm has a thermal
conduct ivity lower than that of at least one of the cylinder

block and the cylinder 1 iner.

In accordance with a fourteenth aspect of the present
invention, a method for manufacturing a cylinder liner =for
insert casting used in a cylinder block is provided. Tj:'liS
method includes heating the cylindér li ner, thereby forming a
film on an outer circumferential surface of the cylindex

liner, the film being formed of an oxide layer.

In accordance with a fifteenth aspect of the present
invention, a method for manufacturing a cylinder liner for
insert casting used in a cylinder block is provided. This
method includes forming a film on an outer circumferential
surface of the cylinder 1liner by arc spraying in which a spray
wire the diameter of which is equal to or more than 0.8 mm is

used.
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Other aspects and advantages of the invention will become
apparent from the following descriptiori, taken in conjuriction
with the accompanying dr awings, illustrating by way of example

the pxrinciples of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantage s
thereof, may best be understood by reference to the fol Jowing
descr iption of the presently preferred embodiments together
with the accompanying drawings in which: |

Fig. 1 is a schematic view illustrating an engine having
cylinder liners according to a first ermbodiment of the jpresent
invention;

Fig. 2 is a perspective view illustrating the cylimnder
liner of the first embodiment;

Fig. 3 is a table showing one example of compositi on
ratio of a cast iron, which is a material of the cylinder
liner of the first embodiment;

Figs. 4 and 5 are model diagrams showing a project ion
having a constricted shape formed on the cylinder liner of the
first embodiment; .

Fig. 6A is a cross—sectional view of the cylinder Iliner
according to the first embodiment takem along the axial
direction;

Fig. 6B is a graph showing one example of the
relat ionship between axial positions amnd the temperature of
the cvylinder wall in the cylinder liner according to the first
embod iment;

Fig. 7A is a cross—sectional view of the cylinder liner
according to the first embodiment takem along the axial
direction;

Fig. 7B is a graph showing one example of the
relationship between axial positions and the thickness of a

5
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film in the cylinder liner according to the first embodiment;

Fig. 8 is an enlarged cross-secttional view of the
cylinder liner according to the first embodiment, showing
encircled part zZC of Fig. 6A;

Fig. 9 is an enlarged cross-secttional view of the
cylinder liner according to the firstt embodiment, showing
encircled part ZA of Fig. 1; |

Fig. 10 is an emnlarged cross-sectional view of the
cylinder liner according to the first embodiment, showing
encircled part ZB of Fig. 1;

Figs. 11A, 11B, 11C, 11D, 11E armad 11F are process
diagrams showing steps for producing a cylinder linér through
the centrifugal casting;

Figs. 12A, 12B and 12C are process diagrams showing steps
for forming a recess having a constricted shape in a mold wash
layer in the production of the cylinder liner through the
cent rifugal casting;

Figs. 13A and 13B are diagrams showing one example of the
procedure for measuring parameters of the cylinder liner
according to the first embodiment, using a three-dimensional
laser;

Fig. 14 is a diagram partly showing one example of
contour lines of the cylinder liner according to the first ‘
embodiment, obtained through measurement using a three-
dimensional laser;

Fig. 15 is a di agram showing the relationship between the
measured height and the contour lines of the cylinder liner of
the first embodiment ;

Figs. 16 and 17 are diagrams each partly showing another
example of contour lines of the cylimder liner according to
the first embodiment , obtained through measurement using a
three-dimensional laser;

- Figs. 18A, 18B and 18C are diagxrams showing one example
of a procedure of a tensile test for evaluating the bond
strength of the cylimder liner according to the first

6
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embodiment in a cylinder block;

Fig. 19 is an enlarged cross—sectional view of a cylinder
1li ner according to a second embodiment of the present
invention, showing encircled part ZC of Fig. 6A;

Fig. 20 is an enlarged cross—-sectional view of the
cy linder liner according to the second embodiment, showing
encircled part ZA of Fig. 1;

Figs. 21A and 21B are diagrams showing one examp le of a
procedure for forming a film by arc spraying on the cylinder
liner of the second embodiment;

Fig. 22 is an enlarged cross-sectional view of a cylinder
liner according to a third embodimemt of the present
invention, showing encircled part ZC of Fig. 6A;

Fig. 23 is an enlarged cross-sectional view of the
cylinder liner according to the thixd embodiment, showing
encircled part ZA of Fig. 1;

Fig. 24 is an enlarged cross—sectional view of a cylinder
liner according to a fourth embodiment of the present
invention, showing encircled part ZC of Fig. 6A;

Fig. 25 is an enlarged cross—-sectional view of the
cylinder liner according to the fouxth embodiment, sh owing
encircled part ZA of Fig. 1;

Fig. 26 is an enlarged cross-s ectional view of a cylinder
liner acéording to £ifth to tenth embodiment of the present
invention, showing encircled part 7C of Fig. 6A; and

Fig. 27 is an enlarged cross—-s ectional view of The
cylinder liner according to the fifth to tenth embodi ment,
showing encircled part ZA of Fig. 1.

BEST MODE FOR CARRYING OUT THE INVENTION
(First Embodiment)
A first embodiment of the present invention will now be

described with refexrence to Figs. 1 to 18C.

7
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<Structure of Engine>

Fig. 1 shows the structure of an entire engine 1 made of
an aluminum alloy having cylinder 1 iners 2 according to the

resent embodimemt.

The engine 1 includes a cylinder block 11 and a cylinder
head 12. The cylinder block 11 inc ludes a plurality of

cylinders 13. Each cylinder 13 inc ludes one cylinder liner 2.

A liner inner circumferential surface 21, which is an
inner circumferential surface of each cylinder liner 2 forms
the inner wall (cylinder inner wall 14) of the corre sponding
cylinder 13 in the cylinder block 11. Each liner inner

circumferential surface 21 defines a cylinder bore 1 5.

Through the insert casting of a casting material, a liner
outer circumferential surface 22, which is an outer
circumferential surface of each cyl inder liner 2, is brought

into contact with the cylinder block 11.

As the aluminum all‘oy as the materia_l of the cvylinder
block 11, for example, an alloy specified in Japanese
Industrial Standard (JIS) ADC10 (related United States
standard, ASTM A380.0) or an alloy specified in JIS ADC12
(related United States standard, ASTM A383.0) may be used. 1In
the present embodiment, an aluminum alloy of ADC 12 1is used as

the material for the cylinder block 11.
<Structure of Cylinder Liner>

Fig. 2 is a perspeétive view dllustrating the <ylinder

liner 2 according to the present imvention.
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The cylinder liner 2 is made of cast iron. The
composition of the cast iron is set, for example, as shown in
Fig. 3. Basically, the components listed in table “Basic
Component” may be selected as the composition of the cast
iron. As necessary, components listed in table “Auxiliary

Component” may be added.

The linex outer circumferential surface 22 of the
cylinder linex 2 has projections 3, each having a constricted

shape.

The projections 3 are formed on the entire liner outer
circumnferential surface 22 from a liner upper end 23, which is
an upper end of the cylinder liner 2, to a liner lower end 24,
which is a lower end of the cylinder liner 2. The liner upper
end 23 is an end of the cylinder liner 2 that is Jdocated at a
combustion chamber in the engine 1. The liner lower end 24 is
an end of the cylinder liner 2 that is located at a portion

opposite to the combustion chamber in the engine 1.

In the cvylinder liner 2, a film 5 is formed on the liner
outer circumferential surface 22 . More specifically, the film
5 is formed omn the liner outer circumferential suxrface 22 in
an area from the liner upper end 23 to a liner middle portion
25, which is a middle portion of the cylinder liner 2 in the
axial direction of the cylinder 13. The film 5 is formed
along the ent ire circumferential direction of the cylinder

liner 2.

The film 5 is formed of a sprayed layer of a ceramic
material (ceramic sprayed layer 51). 1In the present
embodiment, a lumina is used as tthe ceramic material forming
the ceramic sprayed layer 51. The sprayed layer 51 is formed
by spraying (plasma spraying or HVOF spraying).
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<Structure of Projections>

Fig. 4 is a model diagram showing a projection 3.
Hereafter, a direction of arrow A, which is a radial direction
of the cylinder liner 2, is referred to as an axial direction
of the projecttion 3. Also, a direction of arrow B, which is
the axial direction of the cylinder liner 2, is referred to as
a radial direction of the projection 3. Fig. 4 shows the
shape of the projection 3 as viewed in the radi al direction of

the projectiomn 3.

The projection 3 is integrally formed with the}cylinder
liner 2. The projection 3 is coupled to the liner outer
circumferential surface 22 at a proximal end 31 . At a distal
end 32 of the projection 3, a smooth and flat top surface 32A
that corresponids to a distal emnd surface of the projection 3

is formed.

In the axial direction of the projection 3, a
constriction 33 1is formed between the proximal end 31 and the
distal end 32 .

The cons triction 33 is formed such that its cross-
sectional area along the axial direction of the projection 3
(axial direction cross-sectional area SR) is less than an
axial direction cross-sectional area SR at the proximal end 31
and at the distal end 32.

The proj ection 3 is formed such that the axial direction
cross-sectional area SR gradua lly increases from the
constriction 33 to the proximal end 31 and to the distal end
32.

Fig. 5 is a model diagram showing the proZjection 3, in
which a constriction space 34 of the cylinder ILiner 2 is
10
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marked. In each cylinder liner 2, the constrdction 33 of each
projection 3 creates the constriction space 34 (shaded areas

in Fig. 5).

The constriction space 34 is a- space surxounded by an
imaginary cylindrical surface circumscribing & largest distal
portion 32B (in Fig. 5, lines D-D corresponds to the
cylindrical surface) and a constriction surface 33A, which is
the surface of the constriction 33. The largest distal
portion 32B represents a portion at which the diameter of the

projection 3 is the longest in the distal end 32.

In the enngine 1 having the cylinder linexs 2, the
cylinder block 11 and the cylinder liners 2 axe bonded to each
other with part of the cylinder block 11 located in the
constriction spaces 34, in other words, with the cylinder
block 11 engaged with the projections 3. Thexefore,
sufficient liner bond strength, which is the ond strength of
the cylinder Iblock 11 and the cylinder liners 2, is ensured.
Also, since the increased liner bond strength suppresses
deformation of the cylinder bores 15, the friction is reduced.

Accordingly, the fuel consumpt-ion rate is impxroved.
<Formation of Film>

Referring to Figs. 6A, 6B, 7A, 7B and 8, the formation of
the film 5 on the cylinder limer 2 will be de scribed.
Hereafter, the thickness of the film 5 is referred to as a

film thickness TP.

[1] Position of Film

Referring to Figs. 6A and 6B, the position of the film 5
will be described. Fig. 6A is a cross-sectiomal view of the
cylinder linex 2 along the axial direction. Fig. 6B shows one
example of variation in the temperature of the cylinder 13,

11
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specifically, in the cylinder wall temperature TW along the
axial direction of the cylinder 13 in a normal operating state
of the engine 1. Hereafter, the cylinder liner 2 from which
the film 5 is removed will be referred to as a reference
cylinder liner . An engine having the reference cylinder

liners will be referred to as a reference engine.

In this embodiment, the position of the £ilm 5 is
determined bas ed on the cylinder wall temperature TW in the

reference engine.

The variation of the cylinder wall temperature‘TW will be
described. In Fig. 6B, the solid line represents the cylindex
wall temperatuare TW of the reference-engine, @&nd the broken
line represents the cylinder wall temperature TW of the engine
1 of the present embodiment. Hereafter, the Ihighest
temperature of the cylinder wall temperature TW 1is referred to
as a maximum cylinder wall temperature TWH, amnd the lowest
temperature of the cylinder wall temperature "TW will be

referred to as a minimum cylinder wall temperature TWL.

In the reference engine, the cylinder wall temperature TW

varies in the following manner.

(a) In anr area from the liner lower end 24 to the liner
middle portior 25, the cylinder wall temperature TW gradually
increases from the liner lower end 24 to the liner middle
portion 25 due to a small influence of combus tion gas. In the
vicinity of the liner lower end 24, the cylindef wall
temperature TW is a minimum cylinder wall temperature TWL1.

In the present embodiment, a portion of the cylinder liner 2
in which the cylinder wall temperature TW varies in such a

manner is referred to as a low temperature limer portion 27.

(b) In an area from the liner middle portion 25 to the

12
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liner upper end 23, the cylinder wall temperatture TW sharply
increases due to a large influence of combustion gas. In the
vicinity of the liner upper end 23, the cylinder wall
temperature TW is a maximum cylinder wall temperature TWH. Im
the present embodiment, a portion of the cylimder liner 2 in
which the cylinder wall tempexrature TW varies in such a manners

is referred to as a high temperature liner portion 26.

In combustion engines including the above described
reference engine, the cylindexr wall temperature TW at a
position corresponding to the low temperature liner portion 277
significantly falls below an appropriate temperaturé. This
significantly increases the viscosity of the engine oil in the
vicinity of the position. That is, the fuel consumption rate
is inevitably degraded by the increase in the friction of the
piston. Such deterioration of the fuel consurmption rate due
to the lowered cylinder wall +temperature TW isyparticularly
noticeable in engines in which the thermal comnductivity of the
cylinder block is relatively great (for examp-le, an engine

made of an aluminum alloy).

Accordingly, in the cylinder liner 2 according to the
present embodiment, the film 5 is formed on the low
temperature 1 iner portion 27, so that the therxrmal conductivitsy
between the cylinder block 11 and the low temperature liner
portion 27 is reduced. This increases the cylinder wall

temperature TW at the low temperature liner portion 27.

In the engine 1 of the present embodiment, since the
cylinder block 11 and the low temperature liner portion 27 are
bonded to each other with the film 5 having a heat insulation
property in between. This reduces the thermal conductivity
between the cylinder block 11 and the low temperature liner
portion 27. Accordingly, the cylinder wall temperature TW in
the low temperature liner portion 27 is increased. This

13
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causes the minimum cylinder wall temperature TWL to be a
minimum cylinder wall temperature TWL2, which is higher than
the minimum cylinder wall temperature TWL1. As the cylinder
wall temperature TW increases, the viscosity of the engine oil
is lowered, which reduces the friction of the piston.

Accordingly, the fuel consumption rate is imp roved.

A wall temperature bourxdary 28, which is the boundary
between the high temperature liner portion 26 and the low
temperature liner portion 27, can be obtained based on the
cylinder wall temperature TW of the reference engine. On the
other hand, it has been fourad out that in many cases the
length of the low temperature liner portion 27 (the length
from the liner lower end 24 to the wall tempe rature boundary
28) is two thirds to three guarter of the ent ire length of t he
cylinder limer 2 (the lengthh from the liner upper end 23 to
the liner lower end 24). Therefore, when det ermining the
position of the film 5, two—thirds to three—guarters range
from the liner lower end 24 in the entire liner length may be
treated as the low temperature liner portion 27 without

precisely determining the wall temperature boundary 28.

[2] Thickness of Film ‘

Referring to Figs. 7A and 7B, the settimag of the film
thickness TP will be descriloed. Fig. 7A is a cross-sectional
view of the cylinder liner 2 taken along the axial directiom.
Fig. 7B shows the relationship between the axial position arad

the film thickness TP in the cylinder liner 2.

In the cylinder liner 2, the film thickmess TP is

determined in the following manner.

(A) The film thickness TP is set to gradually increase
from the wall temperature boundary 28 to the liner lower end
24. That is, the film thickness TP is set to zero at the wall

14
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temperaturxre boundary 28, while being set to the maximum value

at the limnmer lower end 24 (maximum thickness TPmax).

(B) The film thickness TP is set equal to or less than
0.5 mm. In the present embodiment, the film 5 is formed such
that a mean value of the film thickness TP in a plurality of
positions of the low temperature liner portion 27 is less than
orAequal to 0.5 mm. However, the film 5 can e formed such
that the f£ilm thickness TP is less than or equal to 0.5 mm im

the entire low temperature 1l iner portion 27.

[3] Formation of Film about Projections

Fig. 8 is an enlarged wiew showing encircled part ZC of
Fig. 6A. In the cylinder liner 2, the film 5 is formed on the
liner outer circumferential surface 22 such that the
constrict ion spaces 34 are riot filled. That 1s, the film 5
is formed such that, when performing the insert casting of the
cylinder liners 2, the casting material fills the constriction
spaces 34 . If the constricttion spaces 34 are filled by the
film 5, the casting material will not £fill the constriction
spaces 34 . Thus, no anchor effect of the projections 3 will

be obtained in the low temperature liner portion 27.
<Bonnding State of Cylimnder Block and Cyl inder Liner>

Referring to Figs. 9 and 10, the bonding state of the
cylinder block 11 and the cylinder liner 2 wi 1l be described .
Figs. 9 and 10 are cross-sectional views showing the cylindex

block 11 taken along the axis of the cylinder 13.

[1] Bonding State of Low Temperature Liner Portion
Fig. 9 is a cross-sectional view of encircled part ZA o f
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature liner portion 27.
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In the engine 1, the cylinder block 11 is bonded to the
low -temperature liner portion 27 in a state where the cylinder
block 11 is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portion 27 are bonded

to each other with the film 5 in between.

Since the film 5 is formed of alumina, which has a lower
thermal conductivity than that of the cylinder block 11, the
cylinder block 11 and the film 5 are mechanically bonded to

each other in a state of a low thermal conductivity.

In the engine 1, since the cylinder bl ock 11 and the low
tempera ture liner portion 27 are bonded to each other in thi s

state, the following advantages are obtained.

(A) Since the film 5 reduces the thermal conductivity
betweenn the cylinder block 11 and the low t emperature liner
portion 27, the cylinder wall temperature TW in the low

temperature liner portiom» 27 is increased.

(B) Since the projections 3 ensures the bond strength
betweenn the cylinder block 11 and the low t emperature liner
portionn 27, exfoliation of the cylinder block 11 and the lowr

temperature liner portiom 27 is suppressed.

[2] Bonnding State of High Temperature Liner Portion

Fig. 10 is a cross-sectional view of encircled part ZB of
Fig. 1 and shows the bonding state between the cylinder block
11 and the high temperature liner portion 2 6.

In the engine 1, the cylinder block 11 is bonded to the
high temperature liner portion 26 in a state where the
cylinder block 11 is engaged with the projections 3.
Therefore, sufficient bomd strength betweenn the cylinder block
11 and the high temperature liner portion 26 is ensured by the
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anchor effect of the projections 3. Also, sufficient therrmal
conduct ivity between the cylinder block 11 and the high

tempera ture liner portion 26 is ensured.
<Formation of Projections>

Re ferring to Table 1, the formatioma of the projections 3

on the cylinder liner 2 will be described.

As parameters related to the projection 3, a first area
ratio SA, a second area ratio SB, a stamdard cross-sectional
area SD, a standard proJjection density NP, and a standard

project ion height HP are defined.

A measurement height H, a first reference plane PA, and a
second reference plane PB, which are basic values for the
above parameters related to the projection 3, will now be

described.

(a) The measurement height H represents the distance from
proximal end of the projection 3 along tthe axial direction of
the projection 3. At the proximal end of the projection 3,
the measurement height H is zero. At the top surface 32A of
the projection 3, the measurement heightt H has the maximum

value.

(b) The first reference plane PA represents a plane T hat
lies along the radial direction of the projection 3 at the

position of the measurement height of 0.4 mm.

(c) The second reference plane PB xepresents a plane that
lies along the radial direction of the projection 3 at the

position of the measurement height of 0.2 mm.

The parameters related to the projection 3 will now e
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descrilbed.

[A] The first area ratio SA represents the ratio of a
radial direction cross—sectional area SR of the projections 3
in a unit area of the F£irst reference plane PA. More
specifically, the-first area ratio SA represents the rattio of
the area obtained by adding up the area of regions each
surrounnded by a contour line of a height of 0.4 mm to the area .
of the entire contour diagram of the liner outer

circumferential surface 22.

[B] The second area ratio SB repixesents the ratio of a
radial direction cross—sectional area SR of the projectdions 3
in a unit area of the second reference plane PB. More
specifically, the secomnd area ratio SB represents the ratio of
the area obtained by adding upi the area of regions each
surrounded by a contouxr line of a height of 0.2 mm to the area
of the entire contour diagram of the Jdiner outer

circum ferential surface 22.

[C] The standard cross-sectional area SD represents a
radial direction cross—sectional area SR, which is the area of
one projection 3 in the first reference plane PA. That is,
the st andard cross-sectional area SD xepresents the area of
each region surrounded by a contour l-ine of a height of 0.4 mm
in the contour diagram of the liner outer circumferential

surface 22.
[ D] The standard projection dens ity NP represents the
number of the projections 3 per unit area in the liner outer

circum ferential surface 22.

[E] The standard projection height HP represents the
height H of each projection 3.
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Table 1
Type. of Parameter Selected Ramnge
[A] First area ratio SA 10 to 50 %
[B] Second Area Ratio SB 20 to 55 %
[Cc] | standard Cross-Sectional Area SD 0.2 to 3.0 mm”
[D] Standard Proj ection Density NP 5 to 60 number/cm*
(E] Standard Pro]j ection Height HP 0.5 to 1.0 mm

In the present embodiment, the poarameters [A] to [E] are
set to be within the selected ranges in Table 1, so that the
effect of increase of the liner bond strength by the
projections 3 and the filling factor of the casting material
between the projections 3 are increased. In addition, the
projections 3 are formed on the cylimder liner 2 to be
independent from one another on the first reference plane PA
in the present embodiment. In other words, a cross-section of
each projection 3 by a plane containing the contour ldine
representing a height of 0.4 mm from its proximal end is
independent from cross-sections of the other projections 3 by

the same plane. This further increases the filling factor.
" <Method for Producing Cylinder Liner>

Referring to Figs. 11 and 12 and Table 2, a method for

producing the cylinder liner 2 will Je described.

In the present embodiment, the cylinder liner 2 1is
produced by'centrifugal casting. To make the above 1listed
parameters related to the projections 3 fall in the selected
ranges of Table 1, the following par ameters [A] to [FF] related
to the centrifugal casting are set be within selected range of
Table 2.

[A] The composition ratio of a refractory materi al 61A in
a suspension 61.

[B] The composition ratio of a binder 61B in the
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suspension 61.

[C] The composition ratio of water 61C in the suspension
6l.

[D] The average particle size of the refractory material
61A.

[E] The composition ratio of added surfactant 62 to the
suspension 61.

[F] The thickness of a layer of a mold wash 63 (mold wash .

layer 64).
Table 2
Type of parameter Selected range
[A] | Composition xratio of 8 to 30 % by mass
refractory material
[B] | Composition xatio of binder 2 to 10 % by mass
[C] | Composition xatio of water 60 to 90 % by mass
[D] |Average particle size of 0.02 to 0.1 mm
refractory material
[E] | Composition xatio of more than 0.005 % by mass
surfactant and 0.1 % by mass or less
[F] | Thickness of mold wash layer 0.5 to 1.0 mm

The production of the cylinder liner 2 is executed

according to the procedure shown in Figs. 11A to 11F.

[Step A] The refractory material 61A, the bindexr 61B, and
the water 61C are compounded to prepare the suspension 61 as
shown in Fig. 11A. In this step, the composition ratios of
the refractory matexial 61A, the bimder 61B, and the water
61C, and the average particle size of the refractory material

61A are set to fall within the selected ranges in Table 2.

[étep B] A predetermined amount of the surfactant 62 is
added to the suspension 61 to obtaim the mold wash 63 as shown
in Fig. 11B. In this step, the ratio of the added surfactant
62 to the suspension 61 is set to fall within the se lected

range shown in Table 2.
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[Step C] After heating the inmer circumferent ial . surface
of a rotating mold 65 to a predetermined temperatuxe, the mold
wash 63 is applied through spraying on an inner
circumferential surface of the mold 65 (mold inner
circumferential surface 65A), as shown in Fig. 11C . At this
time, the mold wash 63 is applied such that a layex of the
mold wash 63 (mold wash layer 64) of a substantial 1y uniform
thickness is formed on the entire mold inner circumferential
surface 65A. In this step, the thi ckness of the mold wash
layer 64 is set to fall within the selected range shown in

Table 2.

In the mold wash layer 64 of the mold 65, holes having a
constricted shape are formed after [Step C]. Referring to
Figs. 12A to 12c, the formation of the holes having a

constricted shape will be described.

[1] The mold wash layer 64 with a plurality of bubbles
6450 is formed on ‘tthe mold inner circumferential surface 65A of

fLhe mold 65, as shown in Fig. 12A.

[2] The surfactant 62 acts on the bubbles 64A to form
recesses 64B in the inner circumferential surface of the mold

wash layer 64, as shown in Fig. 1282,

[3] The bottom of the recess &4B reaches the mold inner
circumferential surface 65A, so that a hole 64C having a
constricted shape is formed in the mold wash layer 64, as

shown in Fig. 12C.

[Step D] After the mold wash layer 64 is dried, molten
cast iron 66 is poured into the mold 65, which is being
rotated, as shown in Fig. 11D. The molten cast iron 66 flows
into the hole 64C having a constricted shape in the mold wash
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layer 64. Thus, tthe projections 3 having a constr icted shape

are formed on the cast cylinder limer 2.

[Step E] After the molten cast iron 66 is har dened and
the cylinder linex 2 is formed, the cylinder liner 2 is taken
out of the mold 65 with the mold wash layer 64, as shown in

Fig. 11E.

[Step F] Usimng a blasting device 67, the mold wash layer
64 (mold wash 63) is removed from the outer circum ferential

surface of the cylinder liner 2, as shown in Fig. 11F.
<Method for Me asuring Parameters related to Projections>

Referring to Figs. 13A and 13B, a method for measuring
the parameters related to projections 3 using a three-
dimensional laser will be described. The standard projection

height HP is measured by another method.

Each of the parameters related to the projecttions 3 can

be measured in the following manne Tr.

[1] A test piece 71 for measuring parameters of

projections 3 is made from the cyl inder liner 2.

[2] In a nonncontact three-dimensional laser measuring
device 81, the test piece 71 is set on a test bench 83 such
that the axial di rection of the pfojections 3 is substantially
parallel to the i rradiation direct ion of laser light 82 (Fig.
13A) .

[3] The laser light 82 is irradiated from the three-
dimensional laser measuring device 81 to the test piece 71

(Fig. 13B).
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[4] The measurement results of the three-dimensional
laser measuring device 81 are imported into an image

processing device 84.

[5] Throuigh the image proce ssing performed by the image
processing device 84, a contour diagram 85 (Fig. 14) of the
liner outer ci rcumferential surface 22 is displayed. The
parameters rel ated to the projections 3 are compuited based on

the contour diagram 85.
<Contour IL.ines of Liner Outer Circumferential Surface>

Referring to Figs. 14 and 15, the contour diagram 85 will
be explained. Fig. 14 is a part of one example ©f the contour
diagram 85. Fig. 15 shows the relationship between the
measurement height H and contour lines HL. The <ontour
diagram 85 of Fig. 14 is drawn lbased in accordance with the
liner outer circumferential surface 22 having a projection 3

that is different from the projection 3 of Fig. 15.

In the contour diagram 85, the contour lines HL are shown

at every predetermined value of the measurement Theight H.

For example, 1in the case where the contour lines HL are
shown at a 0.2 mm interval from the measurement height of 0 mn
to the measurement height of 1.0 mm in the contowur diagram 85,
contour lines HLO of the measurement height of 0 mm, contour
lines HL2 of the measurement height of 0.2 mm, contour lines
HLA of the measurement height of 0.4 mm, contour lines HL6 of
the measurememnt height of 0.6 mm, contour lines HL8 of the
measurement height of 0.8 mm, arnid contour lines HL10 of the

measurement height of 1.0 mm are shown.

The cont our lines HL 4 are contained in first reference
plane PA. The contour lines HI, 2 are contained in the second
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reference plane PB. Although Fig. 14 shows a diagram in which
the contour lines HL are shown at a 0.2 mm intexval, the
distance between the contour lines HL may be changed as

necessary.

Referring to Figs. 16 amnd 17, first regions RA and second
regions RB imn the contour diagram 85 will be de scribed. Fig.
16 is a part of a first contour diagram 85A, in which the
contour lines HL4 of the measurement height of 0.4 mm in the
contour diagram 85 are shown 1in solid lines and the other
contour lines HL in the contour diagram 85 are shown in dotted
lines. Fig. 17 is a part of a second contour diagram 85B, in
which the contour lines HL2 of the measurement height of 0.2
mm in the contour diagram 85 are shown in solid lines and the
other contour lines HL in the contour diagram 85 are shown in

dotted lines.

In the present embodiment, regions each suarrounded by the
contour line HL4 in the contour diagram 85 are defined as the
first regions RA. That is, the shaded areas im the first
contour diagram 85A correspond to the first regions RA.
Regions each surrounded by the contour line HLZ in the contour
diagram 85 are defined as the second regio_ns RE®. That is, the
shaded areas in the second contour diagram 85B correspond to

the second regions RB.
<Method For Computing Par ameters related to Projections>

As for the cylinder limer 2 according to the present
embodiment, the parameters related to the projections 3 are
computed in the following manner based on the contour diagram

85.

[A] First area ratio SA
The first area ratio SA is computed as the ratio of the
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total area of the first regions RA to the area of the entire
contour diagram 85. That i-s, the first area ratio SA is

computed by using the following formula.
SA = SRA/ST x 100 [%]

In the above formula, the symbol ST repxesents the area
of the entire contour diagram 85. The symboll SRA represents
the total area of the first regions RA in the contour diagram
85. For example, when Fig. 16, which shows & part of the
first contour diagram 857, 1is used as a model, the area of the
rectangular =zone surrounded by the frame corxesponds to the
area ST, and the area of the shaded zone corxesponds to the
area SRA. When computing the first area ratio SA, the
contour diagram 85 is assumed to include only the liner outer

circumferential surface 22.

[B] Second area ratio SB

The second area ratio SB is computed as the ratio of the
total area of the second regions RB to the axrea of the entire
contour diagram 85. That is, the second area ratio SB is

computed by using the following formula.
SB = SRB/ST x 100 [%]

In the above formﬁla, the symbol ST represents the area '
of the entire contour diagxram 85. The symbo l SRB represents
the total area of the second regions RB in the entire contour
diagram 85. For example, when Fig. 17, which shows a part of
the second contour diagram 85B, is used as a model, the area
of the rectangular zone suxrrounded by the frame corresponds to
the area ST, and the area of the shaded zone corresponds to
the area SRB. When computing the second area ratio SB, the
contour diagram 85 is assurmed to include only the liner outer
circumferential surface 22 .
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[C] Standard Cross-sectional Area SD

The standard cross-sectional area SD <an be computed as
the area of each first region RA in the comtour diagram 85.
For example, when Fig. 16, which shows a part of the first
contour diagram 85A, is used as a model, the area of the

shaded area corresponds to standard cross-sectional area SD.

[D] Standard Projection Density NP
The standard projection density NP cam be computed as the
number of projections 3 per unit area in the contour diagram

85 (in this embodiment, 1 cm®) .

[E] Standard Projection Height HP

The standard projection height HP rep resents the height
of each projection 3. The height of each projection 3 may loe a
mean value of the heights of the projectiom 3 at several
locations - The height of each projection 3 can be measured by

a measurimng device such as a dial depth gauge.

Whether the projections 3 are independently provided on
the first reference plane PA can be checked based on the fidrst
regions RA in the contour diagram 8‘5. Tha t is, when each
first region RA does not dinterfere with other first regions
RA, it is confirmed that the projeétions 3 are independentlly
provided on the first reference plane PA. In other words, it
is confirmed that a cross—section of each projection 3 by &
plane containing the contour line representing a height of 0.4
mm from its proximal end is independent from cross—-sections of

the other projections 3 by the same plane.
<Method for Evaluating Bond Strength>
Referring to Figs. 1 8A to 18C, one example of the

evaluation of the bond st rength between the cylinder block 11
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and the cylinder liner 2 will be explained.

The evaluation of the bond strength of the low
temperature liner portiomn 27 may be performed according to the

procedure of the following steps [1] to [5].

[1] Single cylinder type cylinder blocks 72, each having
a cylinder liner 2, were produced through die casting (Fig.

18A).

[2] Test pieces 74 for strength evaluation were made from
the single cylinder type cylinder blocks 72. The strength
evaluation test pieces 74 were each formed of a part of tthe
low temperature liner portion 27 of the <ylinder liner 2 (the
liner piece 74A and the film 5) and an aluminum part of The

cylinder 73 (aluminum piece 74B).

[3] Arms 86 of a tensile test device were bonded to the
strength evaluation test piece 74, which includes the limer

piece 74A and the aluminum piece 74B (Fig. 18B).

[4] After one of the arms 86 was held by a clamp 87, a
tensile load was applied to the strength evaluation test piece
74 by the other arm 86 such that liner piece 74A and the
aluminum piece 74B were exfoliated in a direction of arrow C,

which is a radial direction of the cylinder (Fig. 18C).

[5] Through the tensile test, the magnitude of the load
per unit area at which the liner piece 74A and the alumirum
piece 74B were exfoliated was obtained as the liner bond
strengthh. The evaluation of the bond st rength of the high
temperature liner portion 26 of the cylimder liner 2 may also
be performed according to the procedure of the above steps [1]

to [5].
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The bond strength between the cylimder Dblock 11 and the
cylinder liner 2 of the engine 1 according to the present
embodiment was measured according to the above evaluatiomn
method. It was confirmed that the bond strength of the engine

1 was sufficiently higher than that of the reference eng ine.
<Advantages of First Embodiment>

The cylinder liner 2 according to the present embodiment

provides the following advantages.

(1) In the cylinder liner 2 of the present embodiment,
the film 5 is formed on the liner outer circumferential
surface 22 of the low temperature liner portion 27. This
increases the cylinder wall temperature TW at the low
temperature liner portion 27 of the engine 1, and thus l.owers
the viscosity of the engine oil. Accordingly, the fuel

consumption rate is improved.

(2) In the cylinder liner 2 of the present embodiment,
the projections 3 are formed on the liner outer
circumferential surface 22. This permits the cylinder Ihlock
11 and cylinder liner 2 to be bonded to each other with the
cylinder block 11 and the projections 3 engaged with each
other. Sufficient bond strength between the cylinder bdock 11
and the cylinder liner 2 is ensured. The increase in the
bond s trength prevents tthe cylinder bore 15 from being

deformed.

(3) In the cylindex liner 2 of the present embodiment,
the film 5 is formed such that its thickness TP i1s less than
or equal to 0.5 mm. This prevents the bond strength between
the cy linder block 11 arnd the low temperature liner portion 27
from being lowered. If the film thickmess TP is greatex than
0.5 mm, the anchor effect of the proj ections 3 will be
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reduced, resulting in a significant reduction in the bond
strength between the cylinder block 11 and the low temperature

liner portion 27.

(4) In the cylinder liner 2 of the present embodirment,
the projections 3 are formed such that the standard projection
density NP is in the range from 5/cm® to 60/cm”. This further
increases the liner bond strength. Also, the filling Factor
of the casting material to spaces between the projections 3 is

increa sed.

I £ the standard projection density NP is out of the
select ed range, the following problems will be caused. If the
standard projection demsity NP is less than 5/cm”, the number
of the projections 3 will be insufficient. This will Zreduce
the liner bond strengthh. If the standard projection density
NP is more than 60/cm?, narrow spaces bbetween the projections
3 will reduce the filing factor of the casting material to

spaces Dbetween the pro-jjections 3.

(5) In the cylinder liner 2 of the present embodimment,
the projections 3 are formed such that the standard projection
height HP is in the ramnge from 0.5 mm to 1.0 mm. This
increa ses the liner bomnd strength and the accuracy of the

outer diameter of the cylinder liner 2.

T f the standard projection height HP is out of the
selected range, the following problems will be caused. If the
standard projection height HP is less 0.5 mm, the height of
the projections 3 will be insufficient . This will reduce the
liner bond strength. If the standard projection height HP is
more 1 .0 mm, the projections 3 will be easily broken. This
will also reduce the 1 iner bond strength. Also, since the
heightts of the projection 3 are uneven, the accuracy o f the
outer diameter is reduced.
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(6) In the cylinder liner 2 of the present embodirunent,
the projections 3 are formed such that the first area xratio SA
is in the range from 10% to 50%. This ensures sufficient
liner bond strength. Also, the fillinmg factor of the <asting

material to spaces between the projections 3 is increased.

If the first area ratio SA is out of the selected range,
the following problems will be caused . If the first axea
ratdio SA is less than 10%, the liner bond strength will be
significantly reduced compared to the case where the first
area ratio SA is more than or equal to 10%. If the fixst area
ratio SA is more than 50%, the second area ratio SB will
surpass the upper limit value (55%). Thus, the filling factor
of the casting material in the spaces between the proj ections

3 will be significantly reduced.

(7) In the cylinder liner 2 of the present embodi ment,
the projectiohs 3 are formed such that the second area ratio
SB is in the range from 20% to 55%. This increases the
fil ling factor of the casting materia l to spaces betwe en
projections 3. Also, sufficient liner bond strength is

ensured.

If the second area ratio SB is out of the selected range,
the following problems will be caused. If the second area

rat io SB is less thanm 20%, the first area ratio SA wil 1l fall

bel ow the lower limit value (10%). Thus, the liner bond
strength will be signiificantly reduced. If the second area

ratio SB is more thanm 55%, the filling factor of the casting
material in the spaces between the projections 3 will be
significantly reduced compared to the case where the s econd

area ratio SB is less than or equal to 55%.

(8) In the cylimnder liner 2 of The present embodi ment,
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the projections 3 are formed such that the standard cross-
sectional area SD is in the range from 0.2 . mm° to 3.0 mm-.
Thus, during the producing process of the cylinder limers 2,
the projections 3 are prevented from being damaged. Also, the
filling factor of the casting material to spaces between the

projections 3 is dncreased.

If the standard cross-sectional area SD is out oXf the
selected range, the following probleins will be caused- If the
standard cross-sectional area SD is Jless than 0.2 mmz, the
strength of the projections 3 will be insufficient, arad the
projections 3 will be easily damaged during the production of
the cylinder linex 2. If the standard cross-sectional area SD
is more than 3.0 mm®, narrow spaces ketween the projections 3
will reduce the filing factor of the casting material to

spaces between the projections 3.

(9) In the cylinder liner 2 of the present embodiment,
the projections 3 (the first areas RA) are formed to ke
independent from one another on the first reference plane PA.
I other words, a cross-section of each projection 3 by a
plane containing the contour line representing a height of 0.4
mm from its proximal end is independent from cross-sections of
the other project ions 3 by the same plane; This increases the
filling factor of the casting materi al to spaces between
projections 3. I f the projections 3 (the first areas RA) are
not independent £ rom one another in the first reference plane
PZA, narrow spaces between the projections 3 will reduce the
filing factor of the casting material to spaces between the

projections 3.

(10) In an engine, an increase in the cylinder wall
t emperature TW causes the cylinder bbores to be therma lly
expanded. Since the cylinder wall temperature TW varies
among positions along the axial direction of the cylimnder, the
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amount of deformation of the cylinder bores due to tthermal
expansion varies along the axial direction. Such variation in
deformation amount of the cylinder bores increases tThe
friction of the piston, which degrades the fuel consumption

rate.

In the cyl inder liner 2 of tthe present embodiment, the
film 5 is not formed on the liner outer circumferential
surface 22 of the high temperature liner portion 26, while the
film 5 is formed on the liner outer circumferential surface 22

of the low temperature liner porttion 27.

Accordingly, the cylinder wall temperature TW of the low
temperature liner portion 27 of tthe engine 1 (brokemn line in
Fig. 6B) surpas ses the cylinder wall temperature TW of the low
temperature liner portion 27 of tthe reference engine (solid
line in Fig. 6B). On the other hand, the cylinder wall
temperature TW of the high tempexrature liner portiom 26 of the
engine 1 (broken line in Fig. 6B) is substantially the same as
- the cylinder wall temperature TW of the high temperature liner

portion 26 (solid line in Fig. 6B) of the reference engine.

Therefore, the cylinder wall tempera’_cure diffe rence ATW,
which is the di fference between the minimum cylindex wall
temperature TWL, and the maximum cyiinder wall tempe rature TWH
in the engine 1, 1s reduced. Thus, variation of de formation
of each cylinder bore 15 along the axial direction of the
cylinder 13 is reduced. Accordimngly, the amount of
deformation of each cylinder bore 15 is equalized. This
reduces the fri ction of the piston and thus improve s the fuel

consumption rate.

(11) In the cylinder liner 2 of the present embodiment,
the film thickness TP is set to gradually increase from the
wall temperature boundary 28 to the liner lower end 24.
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Accordingly, the thermal conductivity between the cylinder
block 11 and the cylinder liner 2 is reduced as it approaches
the liner lower end 24. This reduces the variation in the
cylinder wall t.emperature TW along the axial direction of the

low temperature liner portion 277.
<Modifications of First Embodiment>

The above illustrated first embodiment may be modified as

shown below.

Tn the first embodiment, the film 5 is formed such that
the film thickness TP is gradually increased from the wall
temperature boundary 28 to the liner lower end 24. However,
the film thicknmess TP may be comstant in the low temperature
liner portion 27. In short, the setting of the film thickness
TP may be changed as necessary 1in a range that does not cause
the cylinder wall temperature TW to be greatly different from
the appropriate temperature in the entire low temperature

liner portion. 27.
(Second Embodiment)

A second embodiment of the present invention will now be

described with reference to Figs. 19 to 21.

The second embodiment is configured by charnging the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the fol lowing manner. The cylinder
liner 2 according to the second embodiment is the same as that
of the first embodiment except for the configuration described

below.

33



WO 2007/007822 PCT/JP2006/313923
<Formation of Film>

Fig. 19 i s an enlarged viey\l showing encircled part ZC of
Fig. 6A. 1In the cylinder linexr 2, a film 5 is £ormed on a
liner outer ci rcumferential suxrface 22 of a low tTemperature
liner portion 27. The film 5 is formed of a sprayed layer of
an iron based material (iron sprayed layer 52). The iron
sprayed layer 52 is formed by Jdlaminating a plurality of thin
sprayed layers 52A. The iron sprayed layer 52 (the thin
sprayed layers 52A) contains a number of layers of oxides and

pores.

<Bonding State of Cylinder Block amnd

Low Temperature Liner Portion>

Fig. 20 is a cross—sectiomnal view of encircled part ZA of
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature liner portion 27.

In the enngine 1, the cylinder block 11 is donded to the
low temperature liner portion 27 in a state whexe the cylinder
block 11 is enngaged with the projections 3. The cylinder
block 11 and the low temperature liner poz;tion 27 are bonded

to each other with the film 5 in between.

Since the film 5 is formed of a sprayed layer containing
a number of layers of oxides and pores, the cyl inder block 11
and the film 5 are mechanicall y bonded to each other in a

state of low thermal conductivity.

In the enigine 1, since the cylinder block 11 and the low
temperature liner portion 27 are bonded to each other in this
state, the adwantages (A). and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment are
obtained.
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<Method for Producing Film>

The method for forming the film 5 will be described with
reference to Figs. 21A and 21B. In the presentt embodiment,
the film 5 is formed by arc spraying. The film 5 may be

formed through the following procedure.

[1] Moltenn wire 92 is sprayed onto the limer outer
circumferential surface 22 by an arc spraying device 91 to

form a thin sprayed layer 52A (Fig. 21A).

[2] After forming one thin sprayed layer 52A, another
thin sprayed layer 52A is formed on the first thin sprayed
layer 52A (Fig. 21B).

[3] The pxrocess [2] is repeated until the film 5 of a

desired thickness is formed.

According to the above producing method, the wire 92 is
melt and changed into particles, the surfaces of which are
oxidized. Thus, the iron sprayed layer 52 (the thin sprayed
layers 52A) contains a number of layers of oxides. This

further increases the heat insulation property of the film 5.

In the present embodiment, the diameter of the wire 92
used in the arc spraying is set equal to or greater than 0.8
mm. Therefore, powder of the wire 92 having relatively large
particle sizes are sprayed onto the low temper ature liner
portion 27, and the formed iron sprayed layer 52 includes a
number of pores. That is, the film 5 having a high heat

insulation property is formed.

If the di ameter of the wire 92 is less than 0.8 mm,
powder of the wire 92 having small particle sizes are sprayed
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onto the low t emperature liner portion 27. Thus, compared to
the case where the diameter of the wire 92 is equal to or
greater than 0 .8 mm, the number of pores in the iron sprayed

layer 52 1is significantly reduced.
<Advantages of Second Embodiment->

In addition to the advantages (1) to (11) in the first
embodiment, the cylinder liner 2 of the second embodiment

provides the following advantage.

(12) In the cylinder liner 2 of the present embodiment,
the iron sprayed layer 52 is Fformed of a plurality of thin
sprayed layers 52A. Accordingly, a number of layers of oxides
are formed in the iron sprayed layer 52. Thus, the thermal
conductivity between the cylinder block 11 and the low

temperature liner portion 27 is further reduced.
<Modifications of Second Embodiment>

The above illustrated second embodiment may be modified

as shown below.

In the second embodiment , the diameter of the wire 92 is
set to 0.8 mm when forming the film 5. However, the selected
range of the diameter of the wire 92 may be set in the
following manner. That is, the selected range of the diameter
of the wire 92 may be set to & range from 0.8 mm to 2.4 mm.

If the diameter of the wire 92 is set greater than 2.4 mm, the
particles of the wire 92 will be large. It is therefore
predicted that the strength of the iron sprayed layer 52 will

be significanttly reduced.
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(Third Embodiment)

A third embodiment of the present invention will now be

described with reference to Figs. 22 and 23.

The third embodiment is configured by changing the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the f£ollowing manner. The cylinder
liner 2 accoxding to the third embodiment is tthe same as that
of the first embodiment except for the configuration described

below.
<Format ion of Film>

Fig. 22 is an enlarged wview showing encixcled part ZC off
Fig. 6A. In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portiomn 27 in the cylinder liner 2. The film 5 is
formed of a first sprayed lavyer 53A formed on the surface of
he cylinder liner 2 and a second sprayed layex 53B formed on

the surface of the first sprayed layer 53A.

The first sprayed layer 53A is formed of a ceramic
material (alumina or zirconia). As the materdial for the first
sprayed layer 53A, a material thatA reduces the thermal
conductivity between the cylinder block 11 and the low

temperature liner portion 27 may be used.

The second sprayed layexr 53B is formed of an aluminum
alloy (Al-Si alloy or Al-Cu alloy). As the material for the
second sprayed layer 53B, a material having a high bonding

property with the cylinder block 11 may be used.
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<Bonding State of Cylinder Block and

Low Temperature Liner Portiorm>

Fig. 23 is a cross-secttional view of encircled part ZA of
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature 1 iner portion 27.

In the engine 1, the cylinder block 11 ds bonded to the
low temperature liner portion 27 in a state where the cylinder
block 11 1is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portion 27 are bonded

to each other with the film 5 in between.

Sinc—e the film 5 is formed of a ceramic material, which
has a lower thermal conductivity than that of the cylinder
block 11, the cylinder block 11 and the film 5 are
mechanically bonded to each other in a state of a low therma l

conductiwity.

In the engine 1, since the cylinder block 11 and the low
temperatuare liner portion 27 are bonded to each other in thi s
state, the advantages (A) amnd (B) in “[1] Bomding State of Low
Temperature Liner Portion” of the first embodiment are

obtained -

Since the film 5 includes the second sprayed layer 53B
having a high boding property with the cylinder block 11, the
bond strength between the £ilm 5 and the cyl inder block 11 i s
increased compared to a case where the film 5 is formed only”

of the fhirst sprayed layer 53A.
<Method T£or Forming Film>
In the present embodiment, the film 5 i s formed by plasma

spraying . The film 5 may be formed through the following
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procedure.

[1] Form the first spxayed layer 53A orx the low

temperattuire liner portion 27 using a plasma spraying device.

[2] Form the second sprayed layer 53B using the plasma

spraying device after forming the first sprayed layer 53A.
<Advantages of Third Embodiment>

In addition to the adwantages (1) to (L1) in the first
embodiment, the cylinder liner 2 of the third embodiment

provides the following advantage.

(13) In the cylinder liner 2 of the present embodiment,
the film 5 is formed of the first sprayed layer 53A and the
second sprayed layer 53B. Thus, while ensuring the heat
insulati on property of the film 5 by the first sprayed layer
53A, the second sprayed lavyer 53B improves the bonding
property between the cylinder block 11 and the film 5.

(Fourth Embodiment)

A Fourth embodiment o f the present invention will now be

described with reference to Figs. 24 and 25.-

The fourth embodiment is configured by changing the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the following mannex. The cylinder
liner 2 according to the fourth embodiment ds the same as that
of the First embodiment except for the configuration described

below.
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<Formation of Film>

Fig. 24 is an enlaxged view showing encircled part ZC of
Fig. 6A. In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portion 27 in the cylinder liner 2. The film 5 is

formed of an oxide layex 54.

<Bonding State of Cylinder Block and

Low Temperature Liner Portion>

Fig. 25 is a cross—sectional view of encircled part ZA of
Fig. 1 and shows the bomnding state between the cylinder bl ock

11 and the low temperature liner portiom 27.

Irn the engine 1, the cylinder block 11 is bonded to the
low temperature liner portion 27 in a state where the cyli nder
block 11 is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portion 27 are bonded

to each other with the film 5 in between.

Since the film 5 is formed of oxideAs, the cylinder bl ock
11 and the film 5 are mechanically bonded.to each other in a
state of low thermal conductivity.

I the engine 1, since the cylindex block 11 and the low
temperature liner portion 27 are bonded to each other in this
state, the advantages (A) and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment are

obtained.
<Method for Producing Film>
Inn the present embodiment, the film 5 is formed by high-

frequenncy heating. The film 5 may be formed through the
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following procedure.

[1] The low temperature liner por tion 27 is heated by a

high frequency heating device.

[2] Heating is continued until the oxide layer 54 of a
predete rmined thickness is formed on the liner outer

circumf erential surface 22.

According to this method, heating of the low temper-ature
liner portion 27 melts the distal end 32 of each projecttion 3.
As a result, an oxide layer 54 is thicker at the distal end 32
than in other portions. Accordingly, the heat insulation
property about the distal end 32 of the projection 3 is
improved. Also, the film 5 is formed to have a sufficient
thickness at the constriction 33 of each projection 3.
Therefore, the heat insulation property about the constriction

33 is further improved-
<Advantages of Fourth Embodiment>

I addition to the advantages (1) to (11) in the fourth
embodiment, the cylinder liner 2 of the third embodiment

provides the following advantage.

(14) In the cylinder liner 2 of tthe present embodiiment,
the film 5 is formed bs heating the cylinder liner 2. This
improves the heat insulation property about the constriction
33. Also since no additional material is required to form the
film 5 is needed, effoxt and costs foxr material control are

reduced.
(Fifth Embodimemnt)

A fifth embodiment of the present invention will now be
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described with reference to Figs. 26 and 27.

The fifth embodiment is configured by changing the
formation of the film 5 in the cylindex liner 2 according to
the fir st embodiment in the following mmanner. The cyli nder
liner 2 according to tthe fifth embodiment is the same as that
of the first embodiment except for the configuration described

below.
<Formation of Film>

Fig. 26 is an enlarged view showing encircled part ZC of
Fig. 6A. In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portion 27 in the cylinder liner 2. The film 5 is
formed of a mold release agent layer 525, which is a layer of

mold release agent foxr die casting.

When forming the mold release agent layer 55, for

example, the following mold release agents may be used-

[1] A mold release agent obtained by compounding

vermicualite, Hitasol, and water glass.

[2] A mold release agent obtained by compounding & liquid
material, a major component of which is silicon, and water ‘

glass.

<Bonding State of Cylinder Block and

Low T emperature Liner Portion>
Fig. 27 is a cross-sectional view of encircled paxt ZA of
Fig. 1 and shows the bonding state between the cylindex block

11 and the low temper ature liner portion 27.
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Tn the engine 1, the cylinder block 11 is bonded to the
low temperature liner portion 27 in a state where the cylinder
block 11 is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portion 27 are loonded

to each other with the film 5 in between.

Since the film 5 is formed of a mold release agent, which
has a low adhesion with the cylinder I>lock 11, the cylinder
block 11 and the film 5 are bonded to each other with gaps 5H.
When producing the cylinder block 11, the casting matexrial is
solidi fied in a state where sufficientt adhesion betweerh the
castimg material and the mold release agent layer 55 is not
establ ished at several portions. Accordingly, the gaps 5H are
created between the cylinder block 11 and the mold release

agent layer b55.

In the engine 1, since the cylinderh block 11 and the low
temperature liner portion 27 are bonded to each other din this
state, ‘the advantages (A) and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment are

obtained.
<Advantages of Fifth Embodiment>

In addition to the advantages‘ (1) to (11) in the first
embodiment, the cylinder liner 2 of the fifth embodimemnt

provides the followimng advantage.

(15) In the cylinder liner 2 of +the present empod iment,
the film 5 is formed by using a mold xelease agent for die
casting. Therefore, when forming the film 5, the mold release
agent for die casting that is used fox producing the cylinder
block 11 or the matexrial for the agent can be used. Thus, the

numbe ¥ of producing steps and costs axe reduced.
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(Sixth Embodiment)

A sixth embodiment of the presemt invention wil 1 now be

described with reference to Figs. 26 and 27.

The sixth embodiment is configuxed by changing the
formation of the film 5 in the cylinder liner 2 accoxding to
the first embodiment in the following manner. The cylinder
liner 2 according to the sixth embodiment is the same as that
of the first embodiment except for the configuration described

below.
<Formation of F'ilm>

Fig. 26 is an enlarged view showing encircled part ZC of
Fig. 6A. In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portion 27. The film 5 is formxned of a mold wa sh layer
56, which is a layer of mold wash foxr the centrifugal casting
mold.

When forming the mold wash layer 56, for example, the

fol lowing mold washes may be used.

[1] A mold wash containing diat omaceous earth as a major

component.
[2] A mold wash containing graphite as a major component.

<Bonding State of Cylinder Block and

Low Temperature Liner Portion>

Fig. 27 is a cross-sectional view of encircled part ZA of
Fig. 1 and shows the bonding state bbetween the cylimder block
11 and the low temperature liner portion 27.
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In the engine 1, the cylinder block 11 is bonded to the
1l ow temperature liner portion 27 in & state where the cylinder -
block 11 is engaged with the projections 3. The cyl inder
block 11 and the low temperature liner portion 27 are bonded

t o each other with tthe film 5 in between.

Since the film 5 is formed of a mold wash, which has a
1 ow adhesion with the cylinder block 11, the cylinde r block 11
and the film 5 are bonded to each other with gaps 5H . When
producing the cylinder block 11, the casting materia l is
solidified in a state where sufficient adhesion betWeen the
casting material and the mold wash layer 56 is not established
at several portions . Accordingly, the gaps S5H are created

between the cylindexr block 11 and the mold wash layer 56.

In the engine 1, since the cylinder block 11 arad the low
temperature liner portion 27 are bonded to each other in this
state, the advantages (A) and (B) in ™“[1] Bonding Sttate of Low
Temperature Liner Portion” of the first embodiment are

obtained.
<Adv antages of Sixth Embodiment>

In addition to the advantagesl (1) to (11) in the first
embodiment, the cyl inder liner 2 of the sixth embodiment

provides the following advantage.

(16) In the cylinder liner 2 of the present emkoodiment,
the film 5 is formed by using a mold wash for centri fugal
casting. Therefore, when forming the film 5, the mold wash
for centrifugal casting that is used for producing tthe
cylinder block 11 or the material for the mold was <an be
used. Thus, the number of producing steps and costs are
reduced.

45



WO 2007/007822 PCT/JP2006/313923

(Seventh Embodiment)

A seventh embodiment of the present invention will now be

described with re ference to Figs. 26 and 27.

The seventh embodiment is configured by changing the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the following manner. The cylinder
liner 2 according to the seventh embodiment is the same as
that of the first embodiment exceptt for the configuration

described below.
<Formation of Film>

Fig. 26 is an enlarged view showing encircled part ZC of
Fig. 6A. 1In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portion 27 in the cylinder liner 2. The film 5 is
formed of a low adhesion agent léyer 57. The low adhesion
agent refers to a liquid material prepared using a material

having a low adhesion with the cylinder block 11.

When forming the low adhesion agent layer 57, For

example, the foll owing low adhesioh agents may be used.

[1] A low adhesion agents obtained by compounding

graphite, water glass, and water.

[2] A low adhesion agent obtained by compoundimg boron

nitride and water glass.
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<Bonding State of Cydlinder Block and

Low Temperature Liner Portion>

Fig. 27 is a cross-sectional view of encircled part ZA of
Fig. 1 and shows tthe bonding state between the cylinder block

11 and the low temperature liner portion 27.

In the engine 1, the cylindex block 11 is bonde‘d to the
low temperature liner portion 27 dAn a state where the cylinder
block 11 is engaged with the projections 3. The cylinder
bblock 11 and the low temperature dliner portion 27 are bonded

o each other withh the film 5 in letween.

Since the film 5 is formed of a low adhesion agent, which
has a low adhesiornr with the cylinder block 11, the cylinder
block 11 and the £ilm 5 are bonded to each other witlh gaps 5H.
When producing the cylinder block 11, the casting material is
solidified in a state where sufficient adhesion between the
casting material and the low adhesion agent layer 57 1is not
established at seweral portions. Accordingly, the gaps 5H are
created between the cylinder block 11 and the low adkhesion
agent layer 57.

In the engine 1, since the cylinder block 11 and the low
temperature liner portion 27 are onded to each othex in this
state, the advantages (A) and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment axe

obtained.
<Method for Producing Film>
In the present embodiment, the film 5 is formed by
coating and drying the low adhesion agent. The film 5 may be

fFformed through the following proc edure.
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[1] The cylinder liner 2 is placed for a predetermined
period in a furnace that is heated to a predetermimned

temperature so as to be preheated.

[2] The cylinder liner 2 is immersed in a liquid low
adhesion agent in a container so that the liner outer
circumferential surface 22 is coated with the low adhesion

agent.

[3] After step [2], the cylinder liner 2 is placed in the
furnace used in step [1] so that the low adhesion agent is

dried.

[4] Steps [1] to [3] are repeated until the 1 ow adhesion
agent layer 57, which is formed through drying, has a
predetermined thi ckness.

<Advantages of Seventh Embodiment>

The cylinder liner 2 according to the seventh embodiment
provides advantages similar to tthe advantages (1) to (11) in
the first embodiment. ‘

<Mod ifications of Seventh Embodiment>

The above illustrated severmth embodiment may be modified

as shown below.

As the low adhesive agent, the following agerats may be

used.

(a) A low adhesion agent obtained by compounding graphite

and organic solvent.

(b) A low adhesion agent oltained by compounding graphite
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and water.

(¢) A low adhesion agent having boron nitride and
inorganic binder as major components, or a low acdhesion agent

having boron nitride and organic binder as major components.
(Eighth Emlodiment)

An eighth embodiment of the present invention will now be

described with reference to Figs. 26 and 27.

The eighth embodiment is configured by changing the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the following manner. The cylinder
liner 2 according to the eighth embodiment is the same as that
of the first embodiment except Ffor the configura tion described

below.
<Formationn of Film>

Fig. 26 is an enlarged view showing encircl ed part zC of
Fig. 6A. In the cylinder liner 2, a film 5 is formed on a
liner outer circumferential surface 22 of a low temperature
liner portion 27 in the cylindex liner 2. The £ilm 5 is

formed of a metallic paint layex 58.

<Bonding State of Cylinder Block and

Low Temperature Liner Portion>

Fig. 27 is a cross-sectional view of encircled part ZA of
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature linex portion 27.

In the engine 1, the cylinder block 11 is bonded to the
low temperature liner portion 27 in a state where the cylinder
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block 11 is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portion 27 are bonded

to each other with the film 5 in between.

Since the film 5 is formed of a metallic paint, which has
a low adhesion with the cylinder block 11, the cylinder block
11 and the film 5 are bonded to each other with gaps 5H. When
producing the cylinder block 11, the casting material is
solidified in a state where suf ficient adhesion between the
casting material and the metall ic paint layer 58 1s not
established at several portions . Accordingly, Tthe gaps 5H are
created betweenn the cylinder block 11 and the metallic paint
layer b58.

In the engine 1, since the cylinder block 11 and the low
temperature liner portion 27 are bonded to each other in this
state, the advantages (A) and (B) in “[1] Bondirg State of Low
Temperature Limer Portion” of the first einbodiment are

obtained.
<Advantages of Eighth Embodiment>

The cylinder liner 2 according to the eighth embodiment
provides advantages similar to the advantages (1) to (11) in

the first embodiment. -

(Ninth Embodiment)
A ninth embodiment of the present inventiom will now be

described with reference to Figs. 26 and 27.

The ninth embodiment is configured by changing the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the following manner. The cylinder
liner 2 according to the ninth embodiment is the same as that
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of the first embodiment except for the configuaration described

below.

<Formation of Film>

Fig. 26 is an enlarged view showing encixcled part zC of
Fig. 6A. In the cylinder linexr 2, a film 5 is formed on a
liner outer circumferential suxrface 22 of a low temperature
liner portiorn» 27 in the cylinder liner 2. The film 5 is

formed of a high-temperature resin layer 59.

<Bonding State of Cylinder Block and

Low Temperature Liner Portion>

Fig. 27 1is a cross-sectiomal view of encircled part 2A of
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature liner portion 27.

In the engine 1, the cylimnder block 11 is bonded to the
low temperature liner portion 27 in a state where the cylinder
block 11 is engaged with the projections 3. The cylinder
block 11 and the low temperature liner portiom 27 are bonded

to each othexr with the film 5 in between. ‘

Since the film 5 is formed of a high-temperature resin,
which has a low adhesion with the cylinder block 11, the
cylinder block 11 and the film 5 are bonded to each other with
gaps 5H. When producing the cylinder block 11, the casting
material is solidified in a st ate where sufficient adhesion
between the casting material and the high-temperature resin
layer 59 is mot established at several portiomns. Accordingly,
the gaps 5H are created between the cylinder Dblock 11 and the

high-temperature resin layer 59.

In the engine 1, since the cylinder block 11 and the low
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temperature liner portion 27 ar e bonded to eachh other in this
state, the adwantages (A) and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment are

obtained.
<Advantages of Ninth Embodiment>

The cylinder liner 2 according to the ninth embodiment
provides advamntages similar to the advantages (1) to (11) in

the first embodiment.
(Tenth Embodiment)

A tenth embodiment of the present invention will now be

described with reference to Figs. 26 and 27.

The tenth embodiment is configured by chamnging the
formation of the film 5 in the cylinder liner 2 according to
the first embodiment in the following manner. The cylinder
line;.:m2 according to the tenth embodiment is the same as that
of the first embodiment except for the configuration described

below.
<Formation of Film>

Fig. 26 1is an enlarged view showing encircled part ZC of
Fig. 6A. In the cylinder linex 2, a film 5 is formed on a
liner outer circumferential suxface 22 of a low temperature
liner portion 27 in the cylinder liner 2. The film 5 is
formed of a chemical conversiom treatment layer 50, which is a

layer formed through chemical conversion treatment.

As the chemical conversion treatment layer 50, the

following layers maybe formed.
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[1] A chemical conversion treatment layer of phosphate.

[2] A chemical conversion treatment layer of

ferrosoferric oxide.

<Bonding State of Cylinder Block and

Low Temperature Liner Portion>=

Fig. 27 is a cross—sectional view of encircled part ZA of
Fig. 1 and shows the bonding state between the cylinder block

11 and the low temperature liner portion 27.

In the engine 1, the cylinder block 11 is bonded to the
low temperature liner portion 27 in a state where the cylinder
block 11 is engaged with the projections 3. The cylinder
block 11 ammd the low temperature liner portiorm 27 are bonded

to each other with the film 5 in between.

Since the film 5 is formed of a chemical conversion
treatment layver, which has a low adhesion witlhh the cylinder
block 11, the cylinder block 11 and the film 5 are bonded to
each other with gaps 5H. When producing the <ylinder block
11, the casting material is solidified in a state where
sufficient adhesion between tthe casting materdal and the
chemical conversion treatmentt layer 50 is not established at
several poxtions. Accordingly, the gaps 5H axe created
between the cylinder block 11 and the.chemical conversion

treatment layer 50.

In the engine 1, since the cylinder block 11 and the low
temperature liner portion 27 are bonded to each other in this
state, the advantages (A) and (B) in “[1] Bonding State of Low
Temperature Liner Portion” of the first embodiment are

obtained.
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Also, since the film 5 is formed by a chemical conversion
treatment, the film 5 has a sufficient thickness at the
constriction 33 of the projection 3. This al lows the gaps 5H
to be easily created about the constriction 33 of the cylinder
block 11. Therefore, the heat insulation property about the

constriction 33 is improved.
<Advantages of Tenth Embodimemt>

In addition to the advantages (1) to (11) in the first
embodiment , the cylinder liner 2 of the tenth embodiment

provides the following adwvantage.

(17) In the cylinder 1liner 2 of the present embodiment,
the film 5 is formed by chemical conversion treatment. This
improves the heat insulation property about tthe constriction
33.

(Othher Embodiments)
The above embodiments may be modified as follows.

In thhe above illustrated embodiments,‘ t he selected ranges
of the first area ratio SA and the second area ratio SB are
set be in the selected ramges shown in Table -1. However, the

selected ranges may be changed as shown below.

The £irst area ratio SA: 10% to 30%

The second ‘area ratio SB: 20% to 45%

This setting increases the liner bond strength and the
filling factor of the casting material to the spaces between

the projections 3.

In the above embodiments, the selected range of the
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standard projection height HP is set to a range from 0.5 mm to
1.0 mm. However, the selected range may e changed as shown
below. That is, the selected range of the standard projecti on

height HP may be set to a range from 0.5 mm to 1.5 mm.

In the above embodiments, the film 5 is not formed on the
liner outer circumferential surface 22 of the high temperature
liner portion 26, while the film 5 is formed on the liner
outer cir cumferential surface 22 of the low temperature liner
portion 27. This configuration may be modified as follows.
That is, the film 5 may e formed on the 1 iner outer
circumfer ential surface 22 of both of the low tempefature
liner por tion 27 and the high temperature liner portion 26.
This conf iguration reliably prevents the c—ylinder wall
temperature TW at some locations from beimg excessively

lowered.

In the above embodiments, the film 5 is formed along the
entire ci rcumference of the cylinder liner 2. However, the
position of the film 5 may be changed as éhown below. That
is, with respect to the direction along which the cylinders 13
are arranged, the film 5 may be omitted fxrom sections of the
liner out er circumferential surfaces 22 that face the adjacent
cylinder bores 15. In other words, the fdilms 5 may be formed
in sections except for sections of the limer outer
circumferential surfaces 2 that face the diner outer
circumferential surfaces 2 of the adjacent cylincier liners 2
with respect to the arrangement direction of the cylinders 3.
This configuration provides the following advantages (i) and

(11) .

(i) Heat from each adjacent pair of the cylinders 13 is
likely to be confined in a section betweem the corresponding
cylinder bores 15. Thus, the cylinder wall temperature TW 4n
this secttion is likely to be higher than that in the sectioms
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other than the sections between the cylimder bores 15.
Therefore, the above described modification of the formation
of the film 5 prevents the cylinder wall temperature TW dn a
section facing the adjacent the cylinder bores 15 with respect
to the circumferential direction of the <ylinders 13 is

prevented from excessively increased.

(1i) In each cylinder 13, since the cylinder wall
temperature TW varies a long the circumferential directiom, the
amount of deformation of the cylinder boxe 15 varies alomg the
circumferential direction. Such variation in deformatiom
amount of the cylinder ore 15 increases the friction of the
piston, which degrades the fuel consumpt ion rate. When the
above configuration of the formation of the film 5 is adopted,
the thermal conductivity is lowered in s ections other than the
sections facing the adj acent cylinder boxes 15 with respect to
the cir cumferential direction of the cyl inder 13. On the
other hand, the thermal conductivity of the sections facing
the adj acent cylinder bores 15 is the same as that of
convent ional engines. This reduces the difference between the
cylinder wall temperature TW in the sect ions other than the
sections facing the adj acent cylinder bores 15 and the
cylinder wall temperatilre TW in the sect ions facing the
adjacent the cylinder bores 15. Accordi ngly, variation of
deformation of each cyl inder bore 15 along the circumfer ential
direction is reduced (deformation amount is equalized). This
reduces the friction of the piston and thus improves the fuel

consumption rate.

The method for forming the film 5 i s not limited to the
methods shown in the albbove embodiments ( spraying, coating,
resin coating, and chemical conversion treatment). Any other

method may be applied &as necessary.

The configuration of the formation of the film 5
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according to the above embodiments may be modified as shown
below. That is, the film 5 may be formed of any material as
long as at least one of the following conditions (A) and (B)

is met .

(A) The thermal conductivity of the film 5 is smaller
than that of the cylinder liner 2.

(B) The thermal conductivity of the film 5 is smaller
than that of the cylinder block 11.

T the above embodiments, the film 5 is formed on tThe
cylinder liner 2 with the projections 3 the related parameters
of which are in the selected ranges of Table 1. Howevexr, the
film 5 may be formed omn any cylinder liner as long as the

projections 3 are formed on it.

In the above embodiments, the film 5 is formed on the
cylinder liner 2 on which the projections 3 are formed.
However, the film 5 may be formed on a cylinder liner orh which

projections without constrictions are Formed.

T the above embodiments, the film 5 is formed on the
cylinder liner 2 on which the projections 3 are formed.
However, the film 5 may be formed on a cylinder liner om which

no projections are formed.

In the above embodiment, the cylimnder liner of the
present embodiment is applied to an engine made of an aluminum
alloy. However, the cylinder liner of the present invemtion
may be applied to an engine made of, for example, a magmesium
alloy. 1In short, the cylinder liner of the present invention
may be applied to any engine that has & cylinder liner. Even
in such case, the advantages similar to those of the above
embodiments are obtained if the invention is embodied im a
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manmer similar to the above embodiments.
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CLAIMS

1. A cylinder liner for insert casting used im a cylinder
block, characterized by an outer circumferential surface on
which a film is formed, the film functioning to foxrm gaps

be tween the cylinder block and the cylinder liner.

2. A cylinder liner for insert casting used im a cylinder.
block, characterized by an outer circumferential surface on
which a film is formed, the film functioning to reduce

adhesion of the cylinder liner to the cylinder block.

3. A cylinder 1liner for insert casting used im a cylinder
bl ock, characterized by an outer circumferential surface on
which a film is formed, the film being made of a mold release

agent for die casting.

4. A cylinder liner for insert casting used im a cylinder
bl ock, characterizexd by an outer circumferential surface on
which a film is foxrmed, the film’being made of a mold wash for

centrifugal casting.

5. A cylinder liner for insert casting used in a cylinder
bl ock, characterized by an outer circumferential swurface on
which a film is formed, the film béing made of a low adhesion

agent containing graphite as a major component.

6. A cylinder liner for insert casting used in a cylinder
bl ock, characterized by an outer circumferential surface on
which a film is foxrmed, the film being made of a low adhesion

agent containing boron nitride as a major component.

7. A cylinder liner for insert casting used in a cylinder
bl ock, characterized by an outer circumferential surface on
which a film is foxrmed, the film being made of a metallic
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paint.

8. A cylinder liner for insert casting used in a cylinder
block, characterized by an outer circumferentia 1 surface on
which a film i s formed, the film being made of a high-

temperature resin.

9. A cylinder liner for insert casting used in a cylinderx=
block, characterized by an outer circumferentia 1 surface on
which a film is formed, the film being made of a chemical

conversion treatment layer.

10. A cylinder liner for insert casting used in a
cylinder block, characterized by an outer circamferential
surface on which a film is foxrmed, the film being formed of am

oxide layer.

11. A cylinder liner for insert casting used in a
cylinder block, characterized by an outer circumferential
surface on which a film is forxrmed, the film being formed of a
sprayed layer made of an iron-—based material, wherein the

sprayed layer includes a plurality of layers.

12. The cylinder liner according to any ore of claims 1
to 11, characterized in that the film extends Ffrom a middle
portion to a lower end of the cylinder liner with respect to

an axial direction of the cyl inder liner.

13. The cylinder liner according to any ome of claims 1
to 11, characterized in that the film extends from an upper
end to a lowexr end of the cylinder liner with xespect to an

axial direction of the cylinder liner.

14. The cylinder liner according to claims 12 or 13,
characterized in that the thi ckness of the filmm increases as
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it gets closer to the lower end of the cylinder liner along

the axial direction o f the cylinder 1imner.

15. The cylinder liner according to any one of cl aims 1
to 14, characterized in that the cylinder block has a
plurality of cylinder bores, the cylinder liner being located
in one of the cylinder bores, and wherein the low thermal
cornductive film is formed on the outer circumferential surface

except for sections that face the adjacent cylinder bores.

16. The cylinder liner according to any one of claims 1
to 15, characterized in that the outer circumferential surface
has a plurality of projections each having a constrictted

shape.

17. A cylinder liner for insert casting used in a
cylinder block, characterized by an olalter circumferenttial
surface having a plurality of projections, each projection
hawving a constricted shape, wherein a film is formed on the
outer circumferential surface, the film having a thermal
conductivity lower than that of at least one of the cylinder

block and the cylinder liner.

18. The cylindexr liner according to claim 17,
characterized in that the film is forrned of a sprayed layer of

a ceramic material.

19. The cylindex liner according to claim 17 or 18,
characterized in that the film extends from a middle yortion
to a lower end of the cylinder liner with respect to an axial

di rection of the cylinder liner.

20. The cylinder liner according to claim 17 or 18,
characterized in that the film extends from an upper end to a
lower end of the cylinder liner with respect to an axilal
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direction of the cylinder liner.

21. The cylinder liner according to claim 19 or 20,
characteri zed in that the thi ckness of the film increases as
it gets closer to the lower end of the cylinder liner along

the axial direction of the cylinder liner.

22. The cylinder liner according to any one of claims 17
to 21, characterized in that the cylinder block has a
plurality of cylinder bores, the cylinder liner being located
in one of the cylinder bores, and wherein the low thermal
conductive film is formed on the outer circumferential surface

except for sections that face the adjacent cylinder bores.

23. The cylinder liner according to any one of claims 16
to 22, characterized in that the number of the projections is
five to sixty per 1 cn® of the outer circumferential surface

of the cyl inder liner.

24. The cylinder liner according to any one of claims 16
to 23, characterized in that the height of each projection is

0.5 to 1.0 mm.

25. The cylinder liner according to any one of claims 16
to 24, characterized in that, in a .contour diagram of the
outer circumferential surface of the cylinder liner obtained
by a three—dimensional laser measuring device, the ratio of
the total area of regions each surrounded by a contour line
representing a height of 0.4 mm to the area of the entire

contour diagram is equal to or more than 10% .

26. The cylinder liner according to any one of claims 16
to 25, characterized in that, in a contour diagram of the
outer circumferential surface of the cylinder liner obtained
by a three-dimensional laser measuring device, the ratio of
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the total area of regions each surrounded by a contour line
representing -a height of 0.2 mm to the area of the enttire

contour diagram is equal to or less than 55%.

27. The cylinder liner according to any one of claims 16
to 24, characterized in that, in a contour diagram of the
ouater circumferential surface of the cylinder liner olotained
by a three-dimensional laser measuri ng device, the rattio of
the total area of regions each surrounded by a contoux line
representing a height of 0.4 mm to the area of the entire

contour diagram is 10% to 50%.

28. The cylinder liner accordimg to any one of claims 16
to 25, characterized in that, in a contour diagram of the
outer circumferent.ial surface of the cylinder liner olotained
by a three-dimensional laser measuring device, the ratio of
the total area of regions each surrounded by a contoux line
representing a height of 0.2 mm to the area of the entire

contour diagram is 20% to 55%.

29. The cylinder liner accordimng to any one of claims 16
to 28, characteri=zed in that, in a —contour diagram of the
outer circumferential surface of the cylinder liner obtained
by a three-dimensional laser measuring device, the ar ea of
each region surrounded by a contoui line representing a height

of 0.4 mm is 0.2 to 3.0 mm?.

30. The cylinder liner accordimg to any one of claims 16
to 29, characteri=zed in that a cross—-section of each
projection by a plane containing the contour line representing
a height of 0.4 mm from the proximal end of the projection is
i ndependent from cross-sections of the other projections by

the same plane.

31. A cylinder liner for insert casting used in a
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cylinder block, characterized by an outer circumferential
surface extending from a middle portion to a lower end of the
cylinder liner with respectt to an axial direction of the
cylinder liner, wherein a f£ilm is formed on t—he outer
circunferential surface, the film having a thhermal
conductixrity lower than that of at least one of the cylinder

block and the cylinder liner.

32. A method for manufacturing a cylinder liner for
insert casting used in a cylinder block, the method
charactexrized by heating the cylinder liner, thereby forming a
film on a&an outer circumferential surface of the cylilnder

liner, the film being formed of an oxide layer.

33. The method according to claim 32, characterized in
that the heating of the cylinder liner is pexformed by using a
high freguency heating device, the method fuxther comprising
forming projections on the outer circumferential surface of
the cylimder liner prior to the heating of the cylinder liner,

each proJjection having a constricted shape.

34. A method for manu facturing a cylinder liner for
insert casting used in a.cylinder block, the method
characterized by forming a film on an outer circumferential
surface of the cylinder limner by arc spraying in which a spray
wire the diameter of which is equal to or mo re than 0.8 mm is

used.
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