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A fuel feeder of an engine, comprising a gas-liquid separating device separating oll mist produced in an engine case from air by a
labyrinth. An automatic fuel valve is operated by the pressure pulsation of the air from which the oll mist Is separated by the gas-
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(57) Abrege(suite)/Abstract(continued):

iqguid separating device. Accordingly, the automatic fuel valve can be prevented from being improperly operated due to the
stagnation of oll therein by minimizing the entry of the oll mist into the automatic fuel valve. Furthermore, a breather passage for
feeding the air from which the oll mist Is separated by the gas-liquid separating device to a breather device Is allowed to
communicate with the automatic fuel valve through a negative pressure tube. As a result, a special passage for transmitting the
pressure pulsation of the air in the engine case to the automatic fuel valve must not be installed in the fuel feeder.
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ABSTRACT OF THE DISCLOSURE

A fuel feed system of an englne 1s provided with a gas-fuel

separating unit for separating oi1l mist generated 1n an engine

case fromalr with a labyrinth, and an auto fuel cock 1s operated

by pressure pulsation of the air from which the 01l mist 1is

separated Dby the gas-liguid separating unit. Thus,

infiltrationof theoilmist into the auto fuel cock 1s suppressed

to the minimum, and a malfunction of the auto fuel cock caused

gty

by accumulation of the 01l can be prevented. Addiltionally,

a breather passage for feeding the air, from which the o1l
mist 1s separated by the gas-liquid separating unit, to a
breathing unit 1s connected the auto fuel cock via a negative

pressure tube. Thus, 1t 1s unnecessary to provide a specilfic

passage for transmitting the pressure pulsation of the ailr

in the engine case to the auto fuel cock.

40
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FUEL FEED SYSTEM OF ENGINE

[Technical field]

(0001]

5 The present invention relates to a fuel feed system of

an engine in which an auto fuel cock for controlling fuel feed

from a fuel tank to the engine 1s operated by pressure pulsation

of alr 1n an engine case.

(0002 ]

10 Additionally, the present 1nvention relates to a fuel

feed system of an engine in which an auto fuel cock 1s arranged
between an engine case and a fuel tank fixed above the engilne

case, and in which an 1nside of the engiline case 1s connected

to the auto fuel cock via a negative pressure tube.

15
[Background Art]
[0003]
Disclosed in JP-A~-2003-171910 1s an apparatus 1in which
an auto fuel cock for controlling fuel feed from a fuel tank
20 to an englne 1s connected to a crank case of the engine via
a feed tube, and the auto fuel cock 1s operated by pressure
pulsation generated in the crank case.
[0004]
Disclosed in JP-U-61-097577 1s an apparatus 1n which a
25 tip of a communicating tube extended from an auto fuel cock

for controlling fuel feed from a fuel tank to an engine is
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opened 1n o1l accumulating at a bottom part of a crank case,

and the auto fuel cock isoperatedbypressurepulsationgenerated

1n the crank case.

[0005]

Additionally, disclosed in JP-Y-59-013336 is a apparatus

1n which an suction part of a fuel cock is inserted into a

discharge cylinder provided on a fuel tank via an oil seal

constituted by an elastic material so that the fuel cock is

P

attached to the bottom part of the fuel tank, and in which

a cylindrical lock body constituted by an elastic body fitted

onto the outer circumferences of the discharge cylinder and

the suctionpart i1s tightened and fixedwitha fixing instrument.

1 0006]

In an apparatus of JP-A-2003-171910, thereisapossibility

that amalfunction of an auto fuel cock is caused by accumulation

gy,

of 01l generated by condensation of 0il mist which is generated

1n the crank case of the engine and infiltrates into the auto

fuel cock through a feed tube.

1 0007]

o

Additionally, 1n an apparatus of JP-U-61-097577, since

a tip of a communicating tube is opened in oil accumulating

P

at the bottom part of a crank case, there is no possibility

Chat o1l mist infiltrates into the auto fuel cock through the

communicating tube. However, there is a possibility that the

01l 1n the crank case directly infiltrates into the auto fuel

cock through the communicating tube when the engine is tilted.
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10008 ]

On the other hand, when an auto fuel cock 1s arranged
between an engine case and a fuel tank fixed above the engine
case and the 1nside of the engine case 1s connected to the
auto fuel cock via a negatilve pressure tube, there 1s a problem

that work for connecting a lower end of the negative pressure

tube to the i1nside of the englne case and for connecting an

F

upper end of the negative pressure tube to the auto fuel cock

1s necessary and therefore much labor and time are required

for the work. 1In particular, the above work becomes more

difficult 1in a case where a working space between the fuel

tank and the englne case 1s small. The distance between the

englne case and the fuel tank i1ncreases when sufficient space

1s ensured, and thus there exlsts a problem the whole engine

enlarges.
10009}

Additionally, 1t 1s conceilved that a negative pressure

introduction joint of the auto fuel cock fixed to a lower surface

P

of the fuel tank to a negative pressure introduction joint

of the engine case via an approximate crank-shaped is a bent
negative pressure tube so that the whole engine isminiaturized

by shortening the distance between the engine case and the

fuel tank fixed above the engline case. However, this causes

a possibility that o1l which infiltrates from the engine case

accumulates at a bent part of the negative pressure tube when

the englne 1s tilted. When a tip of the negative pressure
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pr—e

introduction joint of the auto fuel cock is soaked into the

0l1l, there 1s a possibility that the operation of the auto

: pr—u

fuel cock, of which the communication with the inside of the

P

engine case 1s cut off, becomes impossible.

-

[Disclosure of the invention]

[0010]

p—

A first object of the present invention is to provide

a fuel feed system of an engine for preventing a malfunction

of an auto fuel cock caused by an infiltration of oil from

an englne case.

10011 ]

A second object of the present invention is to provide

gr—

a fuel feed system of an engine in which work for connecting

an 1nside of an engine case to an auto fuel cock via an negative

pressure tube 1s easy without increasing a distance between

the englne case and a fuel tank.

[0012]

A third object of the present invention is to provide

a fuel feed system of an engine in which a negative pressure

tube for connecting a negative pressure introduction joint

p—

of an auto fuel cock fixed to a lower surface of a fuel tank

Lo the negative pressure introduction joint of an engine case

1s not blocked due to the oil.

(0013]

In accordance with one or more embodiments of the present
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invention, a fuel feed system of an engine 1n which an auto

fuel cock for controlling fuel feed from a fuel tank to the

engine 1s operated by pressure pulsation of air 1n an engine

case isprovidedwlithagas—-liquidseparatingunit for separating

01l mist generated 1n the engine case from air. The auto fuel

cock 1s operated by the pressure pulsation of the air from
which the 011l mist 1s separated by the gas-liquid separatiling

unit.

10014}

The fuel feed system may 1nclude a breather passage for

feeding the air from which the 01l mist 1s separated by the

gas—-liquid separating unit to a breathing unit and makes the

breather passage communicate with the auto fuel cock.

[0015]

In the above fuel feed system, the breather passage may
be arranged at an upper part of the engine case.
[0016]

In the above fuel feed system, a first negative pressure

introduction joint providedon the auto fuel cockmaybe connected
to a second negative pressure 1ntroductilion joint provided on
the breather passage via the negative pressure tube.

(0017 ]

In the above fuel feed system, the negative pressure tube

may be monotonously tilted downward from the first negative
pressure introduction joint to the second negative pressure

introduction joint.
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[0018]

In accordance with one or more embodiments of the present
1nvention, a fuel feed system of an engine is provided with:

an engine case; a fuel tank fixed above an engine case; an

auto fuel cock which is arranged between the engine case and

the fuel tank and fixed to a lower surface of the fuel tank:

and a negative pressure tube connecting an inside of the engine

case to the auto fuel cock. The auto fuel cock has a first
negative pressure introduction joint projected downward, the

englne case has a second negative pressure introduction joint

projected upward from an upper surface of the engine case.
The negative pressure tube has a first connection part fitted

onto the first negative pressure introduction joint and a second

connection part fitted onto the second negative pressure
1ntroductlon jolint. The negative pressure tube is positioned

so that the first connection part of the negative pressure

tube, of which the second connection part is fitted onto the

second negative pressure introduction joint, is located on

a movement route of the first negative pressure introduction

Joint of the auto fuel cock when the fuel tank, to which the

auto fuel cock 1s fixed, 1s moved downward to be fixed above

the engilne case.

[0019]

In the fuel feed system, a positioning part for regulating

P

an attachment posture of the negative pressure tube to the

englne case may be provided between the negative pressure tube
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and the engine case.

[0020]

In the above fuel feed system, the positioning part may
have a recessed part provided on the negative pressure tube
and a projection provided on the engine case. Alternatively,
the positioning part may have a projection provided on the
negative pressure tube and a recessed part provided on the

engine case.

[0021]

In the above fuel feed system, a taper part of which the

outer diameter 1s reduced downward may be formed at a lower

P

end of the first negative pressure introduction joint of the

auto fuel cock.

0022 ]

In the above fuel feed system, the negative pressure tube

may be monotonously tilted downward from the first negative
pressure 1ntroduction Jjoint to the second negative pressure
introductlion joint.

[0023]

Further, a projection and a recessed part of the exemplary

embodiment described below correspond to the positioning part

o

of the present i1invention.

10024 ]

In the above fuel feed system, the negative pressure tube

may have a middle part between the first connection part and

Che second connection part and be formed in an approximate
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crank shape, and the first negative pressure introduction joint

may have a notch at the lower end thereof.

the notch of the first

[0025]

In the above fuel

feed systemn,
negative pressure introduction joint may be opened toward the

5
middle part side of the negative pressure tube.

[0026]
"eed system may include the gas-liquid

The above fuel
for separating the oil mist generated in the

fuel cock operate

separating unilt :

engine case from the air and make the auto
- the air from which the 01l mist

10

s

by the pressure pulsation o:
is separated by the gas-liquid separating unit.

(0027 ]
feed systemmay include the breather passage

The above fuel :
for feeding the air from which the o0il mist 1s separated Dby

fuel cock.

15
the gas-liquid separating unit to the breathing unit and makes

the breather passage communicate with the auto

[0028]
the breather passage may

In the above "eed system,

be arranged at the upper part of the englne case.

fuel 1

20
[0029]
or more embodiments of the present

According to one
invention, a fuel feed system is provided with the gas-liquid
cnerated 1n the englne

separating unit for separating oil mist g
case from air and the auto fuel cock 1s operated by pressure

25
"rom which the 01l mist 1s separated by

pulsation of the air
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the gas-liguild separating unit. Thereby, infiltration of the

ol1l mist 1nto the auto fuel cock can be suppressed to the minimum
and a malfunction of the auto fuel cock caused by accumulation
of the 01l can be prevented.

10030}

Additionally, a breather passage for feeding the air from

which the 01l mist 1s separated by the gas-liguid separating

unlt to a breathing unit 1s connected to the auto fuel cock.

Thus, 1t 1s unnecessary to provide a speclfic passage for

F

transmitting the pressure pulsation of the alr in the engine

case to the auto fuel cock.
(00311
Additionally, the breather passage 1s arranged at an upper

part of the engine case. Thus, the 01l mist, which has not

beencompletelyremovedandinfiltrates intothebreatherpassage,
can be suppressed to the minimum.
[0032]

Additionally, afirst negativepressure introduction joint
provided on the auto fuel cock i1s connected to a second negative

pressure 1ntroduction joint provided on the breather passage

P
p—

via the negative pressure tube. Thus, the degree of freedom

-

of an attachment position of the auto fuel cock can be raised.

[0033]

Additionally, the negative pressure tube is monotonously

tilted downward from the first negative pressure introduction

joint to the second negative pressure introduction joint.
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Thus, the 01l in the negative pressure tube is discharged to

Chebreatherpassagebygravityandcanbemorereliablyprevented

from infiltrating into the auto fuel cock.

10034 ]

According to one or more embodiments of the present

invention, when the fuel tank, to which the auto fuel cock

1s fixed, 1s moved downward so as to be fixed above the engine

case, the first negative pressure introduction joint of the

auto fuel cock 1s automatically fitted into a first connection

part of the negative pressure tube, of which a second connection

part 1s previously fitted onto the second negative pressure

introduction joint of theenginecase. Thus, itbecomespossible

to silmultaneously complete attachment of the fuel tank and

attachment of the negative pressure tube, and work efficiency

1sgreatlyimproved. Further, sinceit isunnecessarytoprovide
a working space, where the first and second connection parts

of the negative pressure tube are respectively fitted onto

the first and second negative pressure introduction joints,

between a lower surface of the fuel tank and an upper surface

of the engilne case, the fuel tank is made to approach the engine

case as much as possible so that the whole engine can be

milnliaturized.

(0035]

Additionally, the positioning part for regulating an

attachment posture of the negative pressure tube to the engine

case 1s provided between the negative pressure tube and the

10
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engine case. Thus, the first negative pressure introduction

joint of the auto fuel cock can be easily fitted into the first

=

connection part of the negative pressure tube.

[00306]

Additionally, the positioning part is constituted by a
recessed part provided on the negative pressure tube and a
projection provided on the engine case. Alternatively, the
positlioning part 1s constituted by a projection provided on

the negative pressure tube and a recessed part provided on

Che engine case. Thus, the attachment posture of the negative
pressure tube to the engine case can be easily and reliably
regulated by engaging the projection with the recessed part.
[0037]

Additionally, a taper part, of which the outer diameter

1s reduced downward, is provided at a lower end of the first

negative pressure introduction joint of the auto fuel cock.

Thus, the first negative pressure introduction joint of the

auto fuel cock can be easily fitted into the first connection

part of the negative pressure tube when the fuel tank is moved

downward so as to be fixed above the engine case.
[0038]

Additionally, the negative pressure tube is monotonously
tilted downward from the first negative pressure introduction
joint to the second negative pressure introduction joint.

Thus, the o1l infiltrating into the negative pressure tube

1s discharged by gravity, and can be reliably prevented from

11
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infiltrating into the auto fuel cock.
(0039]
Additionally, the negative pressure tube has a middle

part between the first connection part and the second connection

part and i1s formed 1n an approximate crank shape, and the first

negative pressure 1lntroduction joint has a notch at the lower

i

end thereof. Thus, even 1f the engine 1s tilted so that the

first connection part side of the middle part of the negative

pressure tube 1s lowered and even 1f the o0il is accumulated

ﬁ

at the corners of the middle part and the first connection

part, the auto fuel cock can be made to operate without any

trouble so long as the notch formed at the lower end of the

first negative pressure introduction joint is not soaked into

the o1l. That 1s why communication of the inside of the engine

pumy gy
.  "“wpa—

case and the auto fuel cock i1s not cut off.

[0040]

Additionally, the notch of the first negative pressure

introduction joint 1s opened toward the middle part side of
Che negatilive pressure tube. Thus, the notch can be hardly

soaked 1nto the 01l even 1f the oil is accumulated at the corners

of themiddle part and the first connection part of the negative
pressure tube.
[0041]

Additionally, the gas-liquid separating unit for
separating the oil mist generated in the engine case from the

alr 1s provided, and the auto fuel cock is made to operate

12
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by the pressure pulsation of the air from which the 0il mist

1s separated by the gas-liquid separating unit. Thus, the

infiltrationof theoilmist into the auto fuel cock is suppressed

to the minimum, and the malfunction of the auto fuel cock caused

py the accumulation of the o0il can be prevented.

10042 ]

Additionally, the breather passage for feeding the air
fromwnhich theoll mist is separatedby the gas-liquid separating

unit to the breathing unit is made to communicate with the

auto fuel cock. Thus, 1t is unnecessary to provide the specific

passage for transmitting the pressure pulsation of the air

1n the engine case to the auto fuel cock.
[0043]

Additionally, the breather passage 1is arranged at the
upper part of the engine case. Thus, the o0il mist, which has
not been completely removed and infiltrates into the breather

passage, can be suppressed to the minimum.

10044 ]

o

Other aspects and advantages of the invention will Dbe

apparent fromthe following description and the appended claims.

-

[Brief Description of the Drawings]

[0045]

Fig. 1 1is a front view of a general purpose engine.
Filg. 2 1s a view when being viewed from the arrow 2 in

Fig. 1.

13
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[Descriptilion of Reference Numerals and Characters]

10040]

11

11b

INe

lle

engine case

second negative pressure 1ntroduction joint

projection

breather passage

14

along

along

along

along

along

along

12-12



10

15

20

25

CA 02612676 2007-12-18

21 fuel tank

30 auto fuel cock
32a fi1rst negative pressure 1ntroduction joint

32d taper part

32e notch
38 negatlve pressure tube
38a first connection part

38b second connectilon part

38c middle part

38d recessed part

52 breathing unit

61 gas—-liquid separating unit

E engine

[Best Mode for Carrying Out the Invention]

(10047 ]

Exemplary embodiments of the present invention will be

described herelnafter with reference to the accompanying
drawlngs.
[(0048]

Figs. 1 to 12 show an exemplary embodiment of the present

[

invention. Fig. 1 is a front view of a general purpose engine.

Fig. 2 1s a view when being viewed from the arrow 2 in Fig.
1. Fig. 3 1s an enlarged cross sectional view taken along
line 3-3 in Fig. 1. Fig. 4 is a view when being viewed from

the arrow 4 1n Fig. 3. Fig. 5 is an enlarged cross sectional

15
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view taken along line 5-5 in Fig. 4. Fig. 6 is an enlarged
cross sectional view taken along line 6-6 in Fig. 2. Figqg.

7 1s an enlarged cross sectional view taken along line 7-7

in Fig. 6. Fig. 8 1s an enlarged cross sectional view taken
along line 8-8 1n Fig. /. Fig. 9 is an enlarged cross sectional
view taken along line 9-9 in Fig. 6 and Fig. 10. Fig. 10 1is
an enlarged cross sectilional view taken along line 10-10 in
Fig. 2. Fig. 11 1s a partial view of Fig. 10. Fig. 12 is a
cross sectional view taken along line 12-12 in Fig. 10.

1 0049]

As shown 1n Fig. 1 and Filg. 2, i1n a single cylinder four

cycle engline E, a cylinder head 12 and a head cover 13 are
arranged so as to be ralsed 1n relation to an engine case 11

having a crank case and a cylinder block as one unit with a

cylinder axis line L slightly tilted. The crank shaft 14 is

i

projected from an end surface of the engine case 11, and a

recoll starter 16 for cranking and starting the crank shaft

gy,

14 1s provided on an outer surface of a cover 15 which covers

another end surface of the engine case 11. A carburetor 17

1s provided at the side of the cylinder head 12, and an intake

passade 18 extending upward from the carburetor 17 is connected

to an alr cleaner 19. A muffler 20 is attached so as to align

wlith the air cleaner 19 above the cylinder head 12 and the

head cover 13, and a fuel tank 21 is attached nearer the crank
case than the air cleaner 19 and the muffler 20.

[0050]

10
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The fuel tank 21 is constituted in such a way that a lower
edge of a tank upper 2la, an upper edge of a tank lower 21b

and an upper eddge of a tank holder 22 are combined as one unit

by a caulkingpart 23. A tank stay 24 is fixed to four attachment

bosses 1la projected on the engine case 11 with bolts 25, and

outer circumference parts of four rubber bushes 26 are supported

by an upper surface of the tank stay 24. A bolt 27 penetrating

P
R—

frombelow to above of the center of each rubber bush 26 penetrates
the tank holder 22 and a reinforcing plate 28 to be engaged
with a nut 29, and thus the fuel tank 21 is supported above

the engine case 11 without wvibration.

(0051 ]

As shown 1in Fig. 3 and Figs. 6 to 8, an auto fuel cock

30 for automatically feeding fuel in the fuel tank 21 to the

carburetor 17 during the operation of the engine E is attached

to a lower surface of the fuel tank 21. The auto fuel cock

30 Includes a first housing 31 and a second housing 32 combined

as one unit, and a stay 3la (see Fig. 6) projected from the

first housing 31 is fixed to a lower surface of the tank holder

22 with a bolt 33 and a nut 34. Here, an upper part of the

auto fuel cock 30 1s projected upward through an opening 22a

(see Fig. 7) of the tank holder 22, and a lower part of the

auto fuel cock 30 1is projected downward through an opening
24a (see Figs. 3 and 6) of the tank stay 24.

1 0052]

As most clearly shown in Fig. 8, the first housing 31

17
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of the auto fuel cock 30 includes: a fuel entrance joint 31b;

a fuel exit joint 31c; a valve seat 31d formed between the

fuel entrance Joint 31b and the fuel exit joint 31c; and a

disc-shaped diaphragm supporting part 3le. Additionally, the

second housing 32 includes: a first negative pressure
introduction Jjoint 32a; a negative pressure chamber 32b
communicating with the first negative pressure introduction
joint 32a; and a disc-shaped diaphragm supporting part 32c.

The fuel entrance joint 31b is connected to a joint 36 provided

on the lower surface of the fuel tank 21 via a first fuel hose

35, the fuel exit joint 31c is connected to the carburetor

17 via a second fuel hose 37, and the first negative pressure
introduction joint 32a is connected to a secondnegative pressure
introduction joint 11lb of the engine case 11 via a negative
pressure tube 38 made of rubber. Since the negative pressure

g

tube 38 made of rubber is employed, the degree of freedom of

lay-out of the fuel tank 21 to the engine case 11 can be raised.
(00531

Aring-shapeddiaphragmsupportingmember 39isheldbetween
the dlaphragm supporting part 3le of the first housing 31 and
the diaphragm supporting part 32c of the second housing 32.

F

An outer circumference part of a first diaphragm 40 is fixed

between the diaphragm supporting part 31le of the first housing

31 and the diaphragm supporting member 39 via a sealing member

—

41. The outer circumference part of a second diaphragm 42

1s fixed between the diaphragm supporting part 32c of the second

18
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housing 32 and the diaphragm supporting member 398 via a sealing

member 43. The first and second diaphragms 40 and 42, a spacer

block 44 held between the center parts of the first and second

diaphragms 40 and 42 and a disc-shaped spring sheet 45 brought

F

into contact with a rear surface of the second diaphragm 42

are fixed as one unit with a rivet 46 penetrating them.

[0054]

A valve seat forming member 48 1s fitted between the first

negative pressure introduction joint 32a of the second housing

32 and the negative pressure chamber 32b via a spacer plate

g

47. A valve body 40a formed on the center part of the first

diaphragm 40 is energized 1n a direction to which the wvalve

body 40a formed at the center of the first diaphragm 40 1is

seated on the valve seat 31d of the first housing 31 seat 31d

of the first housing 31 with a valve spring 49 arranged between

the valve seat forming member 48 and the spring sheet 45.

g

An end of a reed valve 50 capable of sitting down on a valve

seat 48b facing a through hole 48a penetrating the center part

i

of the valve seat forming member 48 and an end of a stopper

51 for regulating the movable range of the reed valve 50 by

covering the outer side thereof are fixed to the wvalve seat

forming member 48 with a bolt (not shown). A fine through

hole 50a for making the first negative pressure introduction

joint 32a communicate with the negative pressure chamber 32D
is formed 1n the reed valve 350.

10053]
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As clearly shown in Fig. 7 and Fig. 8, a taper part 32d
1s formed at a lower end of the first negative pressure

introduction joint 32a so that the negative pressure tube 38

can be easily i1nserted i1nto the 1ntroduction joint 32a, and

a reverse U-shaped notch 32e 1s formed on the taper part 32d.

The negative pressure tube 38 1ncludes: a first connection

part 38a which vertically extends and 1s inserted 1nto the

first negative pressure 1introduction 3Jjoint 32a; a second
connection part 38b which vertically extends and 1s 1nserted
into the second negative pressure introduction joint 11lb; and

a middle part 38c which obliquely extends downward from a lower

end of the first connection part 38a to an upper end of the

second connection part 38b, and 1s formed in an approxlimate

crank shape. A llnear recessed part 38d 1s formed on a bottom

surface of the first connection part 38a. On the other hand,

a linear projection 1llc which fits into the linear recessed

part 38d is formed on an upper surface of the engine case 11

facing the bottom surface of the first connection part 38a

—

of the negative pressure tube 38, and the negatlve pressure

tube 38 1spositionedinarotational direction aroundavertical

axlis by engagement of the recessed part 38d and the projection
11c.
[0056]

As clearly shown 1n Fig. 6 and Fig. 9, a breathing unit

52 provided on the side of the engine case 11 includes a breather

chamber 54 surrounded by a ring-shaped circumference wall 11d
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and a cover 53, and a breather passage lle 1s opened at an

end of the breather chamber 54. An end of a reed valve 55

capable of being seated down on a valve seat 11f formed at

an opening part of the breather passage lle and an end of a

stopper 56 for regulating the movable range of the reed valve

55 are fixed to an 1nner wall of the breather chamber 54 with

a bolt 57. A joint 53a 1s formed on the cover 53 so as to

face another end of the breather chamber 54 far from the breather

passade 1le, and 1s connected to an intake system of the engine

FE via a breather pipe 58. Two ribs 1l1g, 11lh are projected

in the breather chamber 54 1n order to constitute a labyrinth

59 between the breather passage 1lle and the joint 53a. A bottom

part of the breather chamber 54 communicates with an i1nner

space of the engine case 11 via an o0ll return hole 111.

Additionally, a communilication hole 117 penetrating the inside

of the second negative pressure i1ntroduction joint 11lb, onto

which the second connection part 38b of the negative pressure
tube 38 is fitted, communicates with the breather passage 1lle.
(0057]

Next, the construction of a gas—-liguid separating unit

61l of the engine E willl be described with reference to Figs.

9 to 12.

[0058 ]

18

&

A pin part 14a of the crank shaft 14 of the engine
connected to a plston 63 via a connecting rod 62. A journal

part 14b of the crank shaft 14 is supported by the engine case
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11 via a ball bearing ©4. Another journal part 1l4c of the

crank shaft 14 is supported by a bearing holder 66, which 1s

fixed in the engine case 11 with six bolts 65, via a ball bearing

67. A covering member 68 1s fixed to an opening 1llk of the

englne case 11 so as to cover a front surface of the bearing

holder 66 with nine bolts ©9, and an o1l agiltating chamber

70 1s formed between the covering member 68 and the bearing
holder ©6o.

[00359]

Moreover, both ends of a first balancer shaft /73 (see

Fig. 12) are supported between the engine case 11 and the bearing

p

holder 66 via a palir of ball bearings 71 and 72. A driving

gear 74 provided on the crank shaft 14 is engaged with a driven

gear 75 provided on the first balancer shaft 73 so that the

first balancer shaft 73 rotates at the same number of rotations

as that of the crank shaft 14.
[0060]

A rotor 77 1s rotatably supported by a bottom part of

the o0ll agitating chamber 70 via a rotor shaft 76. A driven
gear 78 provided on the rotor shaft 76 1s engaged with a driving

gear 79 provided on the crank shaft 14 so that the rotor 77

is rotationally driven by the crank shaft 14. Additionally,
a timing belt 81 wound around a driving sprocket 80 provided
on the crank shaft 14 is connected to a driven sprocket (not
shown) provided on the cylinder head 1Z2.

0061 ]
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As clearly shown 1n Fig. 10 and Fig. 11, a first rib 6606a

v

surrounding a part of the outer circumference of the rotor

77, asecondrib6ebsurroundingapartoftheoutercircumferences

F

of the driving gear 79 and the driving sprocket 80, a third

.

rib 66c lying to an end of the first rib 66a and 1s parallel

p—

with a lower surface of a lower bowstring of the timing belt

31, a fourth rib 66d lying to an end of the second rib 66b

and 1s parallel with an upper surface of an upper bowstring

of the timing belt 81, and an independent fifth rib 66e ocbliquely

extending 1n a direction opposite to an oblique direction of

the fourth rib o6d from the vicinity of a connection part of
the second rib 66b and the fourth rib 66d are projected on
the side of the bearing holder 66. Additionally, a first rib

68a and a second rib ©8b, which are approximately parallel

with the fourth rib 66d and the fifth rib 66e of the bearing

holder 066 respectively, are projected on the side of the cover

member ©08.
(00062 ]

Th

e 011 agitating champber 70 1s a reglion surrounded by

the first to fourth ribs 66a to 6ed of the bearing holder 66.

A gas-—-liguid separating chamber 83 having a labyrinth 82

constituted by the fourth and fifth ribs 66d and 66e of the

bearing holder 66 and the first and second ribs 68a and 68Db

of the cover member 68 1s formed outside of the first to fourth

rips b6ba to 66d. An upper part of the gas-liquid separating

chamber 83 1s made to communicate with the breathing unit 52
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via the breather passage lle (see Fig. 9).

[0063]

Next, action the fuel feed system of the exemplary

F

embodiment of the present invention 1including the above

constitution will be described.

(00064 ]

In Fig. 10, when the engiline E 1s operated, the rotor 77
connected to the crank shaft 14 via the driving gear 79 and

the driven gear 78 rotates 1in the o0il agitating chamber 70,

and the o1l accumulated on the bottom part of the 01l agitating

chamber 70 i1s scrapped up and scattered. The scattered o1l

1s gulded between the third rib 66c¢c and the fourth rib 66d,

which are parallel with the timing belt 81 by the first and

second ribs 66a and 66b of the bearing holder 66, adhere to

the timing belt 81 and 1s fed to a valve chamber (not shown)

of the cylinder head 12, thereby lubricating a valve mechanism.

Alir including o1l mist generated 1in the 01l agitating chamber

70 pass through the labyrinth 82 constituted by the fourth

and fifth ribs 66d and 66e of the bearing holder 66 and the

first and second ribs 68a and ¢8b of the cover member 68 in

the gas-liquid separating chamber 83, and the o1l separated
during the passage falls along the first and second ribs 66a
and o06b to be returned to the bottom part of the 01l agitating
chamber 70.

[0065]

Since the bearing holder 66 which includes the ball bearing
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67 for supporting the crank shaft 14 1s fixed so as to face

.

the opening 1lk of the engine case 11, and the gas-liquid

separating chamber 83 1s formed between the cover member 68

combined with the opening 11k and the bearing holder 66, the

bearing holder 66 can be used as a part of a wall surface of

the gas-liquid separating chamber 83. Therefore, the number

=
e

of parts can be 1ncreased compared with a case where a part

i g

of the wall surface of the gas-ligquild separating chamber 83

1s constituted by a specific member, and miniaturization,

gr—— g

lightening, simplification of the shape of the engine case

11 can be reallized compared with a case where a part of the
sidewall of the gas—-liquild separating chamber 83 is constituted

by a partition wall integrally formed with the engine case
11.

[0066]

In addition, since the labyrinth 82 is provided in the

gas-liquild separating chamber 83, the 01l mist included in

the alr 1n the englne case 11 can be effectively separated.

In particular, the labyrinth 82 is constituted in such a way

that the fourth and fifth ribs 66d and 66e projecting from

the bearing holder 66 side are mutually overlapped with the

first and second ribs 68a and 68b projected from the cover

member 68 by the distance o (see Fig. 9), and therefore the

compllcated labyrinth 82 is constitutedwith a simple structure

and a gas—-liquid separation effect can be further raised.

(0067 ]
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In Fig. 9, the air from which the o011 caulking removed

in the labyrinth 82 of the gas-liguid separating chamber 83

passes through the reed valve 55 of the breather passage 1lle
and the breathing unit 52, and i1s fed to the breather chamber

54. That 1is, the pressure pulsation generated 1n accordance

with reciprocationof thepiston 63 1s transmitted tothebreather
passage lle, and the reed valve 55 1s opened when the pressure
in the breather passage lle becomes positive pressure, 0Or 1S

shut when the pressure thereln becomes negative pressure,

by which, the air in the breather passage lle 1s fed to the

breather chamber 54.

[00068]

In Fig. 6, the o0i1l, which i1s included in the air fed to

the breather chamber 54, has not been completely separated

| —

"rom the air by the gas—-liquid separating unit 61, 1s further
separated while the air passes through the labyrinth 59
constituted by the ribs 11g and 11h, and 1s returned to a bottom
part of the englne case 11 through the 01l return hole 111

provided on the bottom part of the breather chamber 54. The

air, from which the 0il mist is separated by the gas-liquid

separating unit 61, 1s introduced to the breathing unit 52

via the breather passage lle and further subjected to the

gas—liguid separation. Therefore, the consumption amount of

oil can be further reduced. Although the air, from which the

oil caulking thus separated, still i1ncludes fuel vapor which

blows from a combustion room to the i1inside of the engine case
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11, the air including the fuel vapor is returned to the intake

system of the engine E through the joint 53a of the cover 53

and the breather pipe 58, and prevented from diffusing into

P

> atmosphere by combustion of the fuel vapor and air-fuel

th

5 mixture.

10069}

In Fig. 9, the pressure pulsation in the engilne case 11

1s transmitted to the first negative pressure introduction

Joint 32a of the auto fuel cock 30 through the breather passage

10 lle, the communication hole 113 and the negative pressure tube

38. In Fig. 8, when the pressure transmitted to the first

negative pressure introduction joint 32a of the auto fuel cock

30 becomes negative pressure, the reed valve 50 goes away from
the valve seat 48b and the pressure in the negative pressure

15 chamber 32b becomes negatlive pressure. Inversely, when the

pressure transmittedtothe first negativepressure introduction
Joint 32a of the auto fuel cock 30 becomes positive pressure,

the reed valve 50 s1ts down on the valve seat 48b and the negative

pressure 1n the negative pressure chamber 32b is maintained.

20 Since the negative pressure in the negative pressure chamber

32b 1is thus always maintained during the operation of the engine

E, the first and second diaphragms 40 and 42 move left (in

Flg. 8) agalinst elastic force of the valve spring 49 and the
valve body 40a formed on the first diaphragm 40 goes away from
25 the valve seat 31d. As a result, the fuel in the fuel tank

21 1s fed to the carburetor 17 via the first fuel hose 35,
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the fuel entrance joint 31b, a gap between the valve seat 31d

and the valve body 40a, the fuel exit joint 31c and the second
fuel hose 37.

(0070}

Moreover, the first and second diaphragms 40 and 42 are

energized 1n a right direction (in Fig. 8) by the elastic force

of the valve spring 49 when the engine E stops and the pressure
pulsation 1n the breather passage 1le disappears, and therefore
the reed valve 50 suctioned in the right direction sits down

on the valve seat 48b so that the negative pressure chamber

32b 1s sealed. However, since the alir flows into the negative

pressure chamber 32b from the first negatlive pressure

introduction joint 32a via the fine through hole 50a provided

1n the valve seat 50, the valve body 40a sits down on the valve

seat 31d by the elastic force of the valve spring 49 and the

auto fuel cock 1s shut. Therefore, the fuel feed from the
fuel tank 21 to the carburetor 17 can be automatically stopped
wlth the stopping of the engine E.

[0071]

grin

The combinations of the negatlive pressure tube 38 and

the first and second negative pressure introduction joints

32a and 1llb are performed 1n accordance with the following

steps. That 1is, the tank stay 24 1s previously assembled to

the tank holder 22 of the fuel tank 21 via the rubber bushes

26, and the first fuel hose 35 is previously assembled to the

auto fuel cock 30. On the other hand, the second connection

28



10

15

20

23

CA 02612676 2007-12-18

part 38b of the negative pressure tube 38 1s previously fitted
onto the second negative pressure introduction joint 1lb of

the engine case 11. Here, the recessed part 38d on the bottom

surface of the first connectionpart 38a of thenegative pressure
tube 38 1s engaged with the projection 11lc of the engine case
11 (see Fig. 7) so that the negative pressure tube 38 can be
poslitioned 1n the rotatlion direction. The fuel tank 21 1is
made to approach the engine case 11 from above in this state,

the first negative pressure i1ntroduction joilnt 32a of the auto

fuel cock 30 1s fitted i1into the first connection part 38a of

the negative pressure tube 38, and thereafter the tank stay

24 1is fitted to the engine case 11 with the bolts 25. Then,

the second fuel hose 37 communicatling with the carburetor 17

1s fitted onto the fuel exit joint 31¢c and the attachment 1s
completed.
[0072]

Thus, it is possible to fit the negative pressure tube

38 onto the first and second negative pressure introduction

joints 32a and 11lb only by making the fuel tank 21 approach

the engine case 11 from above, and assembly work of the negative

pressure tube 38 1s simplified. Additionally, since the
recessed part 38d of the negative pressure tube 38 is engaged

with the projection 11lc of the engine case 11 and the negative

pressure tube 38 1s positioned, work for fitting the first

negative pressure introduction jJoint 32a of the auto fuel cock

30 1into the first connection part 38a of the negative pressure
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tube 38 becomes easy. In addition, the vertical movement of

the negative pressure tube 38 once equipped 1is regulated, and

the tube cannot be removed unless the fuel tank 21 1s removed.
Therefore, 1t 1s unnecessary to prevent pulling-off of the
negative pressure tube 38 with a clip, etc.

[(0073]

If the assembly work of the negative pressure tube 38

is performed after the fuel tank 21 1is fixed to the engine

case 11, not only a working space, where the negative pressure

tube 38 isbent to fit onto the first and second negative pressure

introduction joints 32a and 11b, 1s needed, but also the negative

pressure tube 38 1tself 1s enlarged. Therefore, the fuel tank

g

21 cannot be arranged 1n the viclnity of the engine case 11,

ey

and the whole engine E 1s enlarged.

pd

10074}

If the oll mist in the engine case 11 1s accumulated 1nside

of the negative pressure tube 38 or inside of the first negative
pressure introduction joint 32a, the pressure pulsation 1n

the breather passage lle cannot be transmitted to the negative

pressure chamber 32b of the auto fuel cock 30 and there 1s

apossibility that amalfunction of the auto fuel cock 30 occurs.

However, according to the present exemplary embodiment, the

air, fromwhich almost the oil caulking removed by the gas-11quid

separating unit 61, 1s fed to the breather passage lle, and

the pressure pulsation in the breather passage 11le 1s 1introduced

into the auto fuel cock 30. Therefore, the malfunction of
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the auto fuel cock 30 caused by the 0il mist can be previously

prevented.

10075]

In particular, since the breather passage 1lle for feeding

Che alr passed through the gas-liquid separating unit 61 to

the breathing unit 52 is provided at an upper part of the engine

case 11, infiltration of the 0oil mist into the breather passage

lle can be further effectively prevented. In addition, since

the auto fuel cock 30 is made to operate with use of the pressure

pulsation in the breather passage 1lle, it is unnecessary to

formthe specificpassage for transmittingthepressurepulsation

to the auto fuel cock 30.

[00776]

Additionally, the negative pressure tube 38 includes the

first connection part 38a which vertically extends and is

inserted into the first negative pressure introduction joint
3Z2a, the second connection part 38b which vertically extends

and 1s inserted into the second negative pressure introduction

joint 1llb, and the middle part 38c which obliquely extends

pr——

downward from the lower end of the first connection part 38a

to the upper end of the second connection part 38b. Therefore,

even 1f the oill mist infiltrates into the negative pressure
tube 38, the o0il caulking discharged to the breather passage
lle by gravity without accumulating in the negative pressure
tube 38, and a situation where the pressure pulsation is not

transmitted to the auto fuel cock 30 can be previously avoided.
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end of the first negative pressure introduction joint 32a of

the auto fuel cock 30,

CA 02612676 2007-12-18

Further, since the taper part 32d 1s formed at the lower

v

insertion work of the first negative

pressure introduction joint 32a into the first connection part

38a O

" the negative pressure tube 38 becomes easy. In addition,

since the notch 32e is formed on the taper part 32d, the action

~
s

introduction joint 32a :

aCCU

of the notch 32e can prevent the

nialated on the lower end of the

first negative pressure

p——

‘rom being closed even 1f the 01l 1is

first connection part 38a

as shown being circled by the chain line in Fig. 7 when the

]

engine E 1s tilted.

In particular,

since the notch 32e 1s

opened toward the middle part 38c side of the negative pressure

tube

38, the notch 3

2e can be further reliably prevented from

sinking beneath the o1il.

[0078]

cut off at an upper end of the taper part 32d (upper end o1

the notch 32e),

is provided can be obtained.

32d 1s eliminated,

negative pressure tube 38 di:

[0079]

Additionally,

Even if the negative pressure introduction joint 32Z2a 1s

)

the same effect as a case where the notch 3Z2e

However, since the taper part

such cut-off makes the 1nsertion of the

since the auto

Fficult.

fuel cock 30 operates by

the negative pressure of the engine case 11 which is stronger

than intake negative pressure of the engine E, the sufficient
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negative pressure 1s dgenerated only by cranking by the recoil

starter 16 and the fuel can be fed to the carburetor 17. In
particular, the auto fuel cock 30 can be reliably made to operate
by employment of the first and second diaphragms 40 and 42

r—

even 1f the negative pressure 1s small.

[0080]

The exemplary embodiment of the present i1nvention has

been described above, various design modifications can be

performed without departing from the substance of the present

invention.

[0081 ]

Although the exemplary embodiment regarding a dJgeneral

purpose engine E has been described, for example, the present

invention can be applied to engines for arbitrary uses.

0082 ]

Additionally, although the recessed part 38d provided
on the negative pressure tube 38 and the projection llc provided

on the englne case 11 have been exemplified as a positioning

part 1n the exemplary embodiment, the positional relationship
between the recessed part and the projection may be reversible,

and any shapes of the recessed part and the projection are

applicable.

[0083]

It will be apparent to those skilled in the art that various

modlfications and wvariations can be made to the described
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preferred embodiments of thepresent inventionwlithout departing

from the spirit or scope of the 1nvention. Thus, 1t is intended

that thepresent inventioncoverallmodificationsandvariations

of this i1nvention consistent with the scope of the appended

claims and thelr eguivalents.

10084 ]

The present application claims priority based on Japanese
Patent Application No. P2005-183601 filed on July 23, 2005,
Japanese Patent Application No. P2005-183602 fililed on July

23, 2005, and Japanese Patent Application No. P2005-183603,

the contents of them are incorporated herein by reference.

[Industrial Applicability]

[0085]

The present 1nvention 1s applicable to a fuel feed system

of an engine in which an auto fuel cock for controlling fuel

feed from a fuel tank to the engine 1s operated by pressure

F

pulsation of air in an endgine case.

[ 0080]

Additionally, the present invention 1s applicable to a

g,
—

fuel feed system of an englne in which an auto fuel cock 1is

arranged between an engine case and a fuel tank fixed above

the engine case, and 1n which an i1nside of the engine case

1s connected to the auto fuel cock via a negatlve pressure

tube.
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What 1s claimed 1s:

1. A fuel feed system of an englne i1n which an auto fuel

cock for controlling fuel feed from a fuel tank to the engine

1s operated by pressure pulsation of air in an englne case,

the fuel feed system comprising:

a gas—liguid separating unlit that separates o1l mist

generated 1n the engine case from air,

wherein the auto fuel cockl1soperatedbypressurepulsation

pr——

of air from which the 01l mist 1s separated by the gas-liquid

separating unit.

2. The fuel feed system of an engine according to claim 1,

further comprising:
a breather passage that feeds the air from which the o1l
mist 1s separatedbythegas-liquidseparatingunit toabreathing

unit, wherein the breather passage 1s connected to the auto

fuel cock.

3. The fuel feed system of an engine according to claim 2,

1)

wherein the breather passage 1s arranged at an upper part o:

the engline case.

4. The fuel feed system of an engine according to claim 2,

wherein a first negative pressure introduction joint provided

on the auto fuel cock 1s connected to a second negative pressure

introduction joint provided on the breather passage via a
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negative pressure tube.

o~

5. The fuel feed system of an englne according to claim 4,

wherein the negatlive pressure tube 1s monotonously tilted

downward from the flrst negative pressure 1ntroduction jolnt

to the second negative pressure 1ntroduction joint.

o . A fuel feed system of an engine comprising:

AN englne case;

a fuel tank fixed above the englne case;

an auto fuel cock arranged between the engine case and

the fuel tank and fixed to a lower surface of the fuel tank;

and

a negative pressure tube, wherein the inside of the engine
case 1s connected to the auto fuel cock via the negative pressure
tube,

wherein the auto fuel cock 1ncludes a first negative
pressure 1lntroduction joint projected downward,

the engiline case 1includes a second negative pressure

introduction joilint projecting upward from an upper surface

of the engine case,

the negative pressure tube 1ncludes a first connection

part fitted onto the first negative pressure introduction joint
and a second connection part fitted onto the second negative
pressure 1ntroduction jolint, and

the negatlive pressure tube 1s positioned so that the first
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gty

connection part of the negative pressure tube, of which the

second connection part 1s fitted onto the second negative
pressure 1ntroduction jolnt, 1s located on a movement passage

of the first negative pressure introduction joint of the auto

5 fuel cock, when the fuel tank to which the auto fuel cock is

fitted 1s moved downward to be fixed above the engine case.

—

7. The fuel feed system of an engine according to claim 6,

whereln a positioning part for regulating an attachment posture

i
by

10 of the negative pressure tube to the engine case 1s provided

between the negative pressure tube and the engine case.

8 . The fuel feed system of an engine according to claim 7,
whereln the positioning part includes a recessed part provided

15 on the negative pressure tube and a projection provided on

the engline case.

9. The fuel feed system of an engine according to claim 7,
whereln the positionling part has a projection provided on the

20 negatlve pressure ftube and a recessed part provided on the

engine case.

10. The fuel feed system of an endglne according to claim 6,
wherein a taper part of which the outer diameter 1s reduced
25 downward 1s formed at a lower end of the first negative pressure

introduction jJoint of the auto fuel cock.
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=

11. The fuel feed system of an engine according to claim 6,

wherein the negative pressure tube 1s monotonously tilted

downward from the first negative pressure introduction jJoint

5 to the second negative pressure 1ntroduction joint.

12. The fuel feed system of an engine according to claim 6,

wherein the negative pressure tube includes amiddle part between

the first connection part and the second connection part, and

10 is formed in an approximate crank shape, and

the first negative pressure introduction joint 1ncludes

a notch at the lower end thereof

—ad

13. The fuel feed system of an englne according to claim 12,
15 wherein the notch of the first negative pressure introduction

joint 1s opened toward the middle part side of the negative

pressure tube.

14. The fuel feed system of an engilne according to claim 6,

20 further comprising:

a gas—-liguid separating unit for separating oil mist

generated in the engine case from air, wherein the auto fuel

cock 1s operated by pressure pulsation of air from which o1l

mist i1s separated by the gas-liquid separating unit.

25

15. The fuel feed system of an engine according to claim 14,
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further comprising:

a breather passage that feeds the alr from which the o1l
mist is separatedbythegas—-liquidseparatingunit toabreathing

unit, whereilin the breather passage 1s connected to the auto

5 fuel cock.

16. The fuel feed system of an engine according to claim 15,

whereln the breather passage 1s arranged at an upper part of

the engine case.
10

“aient Agents

39



CA 02612676 2007-12-18

1/12

,
S @

,
i
%%
)

i

oo s cad~enen

. Y - ™ " e
ICOOOUSON0
080000004

,1050,:'
e eveeseeisew
e e Ta iY.‘I

\J
®

\
-

\\\\\

o

: 8Tl

L L NN IS

CoeBEDeB QG
\.'. g N R ../

®r-

W, A
¢ b
» .).H
(P
iy et

\

-

21




CA 02612676 2007-12-18




CA 02612676 2007-12-18

3/12

qié

X



CA 02612676 2007-12-18

4/12




22222222222222222222

9/12

FIG.5

24

Wé

L

25



CA 02612676 2007-12-18

6/12

’-d‘---“‘----

9 Il




CA 02612676 2007-12-18

1/12

.Y

@
nanet

NN\

|3

NN NN
P

S—

-
\.‘ ‘t'




8/12

FIG.8

L0
™

.mv\vvw\vy\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\g\\r\v —

LQ
) et
N 0 L 5~

.,,. N _,,

27 N NN~ 7

1

g NGl Bt — |
{ %//V///////M\\\\m | m\\&///////////////// >
AL %\\%\\g\\////////f NE
= > ///ﬂ//&“.///MV///////////////M/M//r &
74 | mmmm——=—_\:
- /////////////////////////U/

50

- ™M

5

O
r
1

38a

CO
&P



CA 02612676 2007-12-18

9/12

4} 499

I@% .
a |, L
N7 |

AF

Il
R 2l \\\ |
” 5 |

L9

—
w

e

g o . 9997 28 mwo\\
m..__n ...... & W////// //////////////Ar\\\

”””4”””””’”’”’/

% N L1 L1

6 Il



CA 02612676 2007-12-18




CA 02612676 2007-12-18

11/12




CA 02612676 2007-12-18

12/12

3
X

\7 '
=Y N
e \\é - \ E

NSNS NN

\ 7 ;
\ e
\ i)

L
) £ AN

5'5 82

¢
|
.

&\

7 ”/; 14
.!!JL
NN ISR,
> =\ =
7 |

727

S A oy S & = oy o



11k 11

P == ,;!
11 i :

/ 82 66e ' A - >
08 g.\vm\\\mm\\\\\\\w ?2

66 11e o
11i

N L INSHP
1%ZZZzzzgﬁzzzaﬁzgﬁzzzﬁéézzé{

66b 14



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - abstract drawing

