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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

BRIGGS & STRATTON CORPORATION

Opposer, Opposition No. 91200832 (Parent)

VS.
HONDA GIKEN KOGYO KABUSHIKI KAISHA,

Applicant.

KOHLER CO.

Opposer, Opposition No. 91200146

Vs.
HONDA GIKEN KOGYO KABUSHIKI KAISHA,

Applicant.
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United States Patent and Trademark Office
Trademark Trial and Appeal Board

P.O. Box 1451

Alexandria, Virginia 22313-1451

OPPOSERS’ SIXTH NOTICE OF RELIANCE
(REDACTED - PUBLIC VERSION)

Pursuant to 37 C.F.R. § 2.122, Opposers Briggs & Stratton Corporation (“Briggs”) and
Kohler Co. (“Kohler”) (collectively, “Opposers”), by and through their attorneys, hereby submit
their Sixth Notice of Reliance. Opposers’ Sixth Notice of Reliance includes the following attached
materials:

1. U.S. Patent No. 4,813,385, included as Exhibit M;

2. U.S. Patent No. 6,362,533, included as Exhibit N;

3. U.S. Patent No. 6,489,690, included as Exhibit O;
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4. U.S. Patent No. 6,331,740, included as Exhibit P;

5. U.S. Patent No. 6,941,919, included as Exhibit Q;

6. U.S. Patent No. 6,525,430, included as Exhibit R;

7. U.S. Patent No. 7,086,389, included as Exhibit S;

8. Japanese utility model application/publication No. HO03-13535, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit T (filed under seal);

9. Japanese utility model application/publication No. S57-30407, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit U (filed under seal);

10. Japanese utility model application/publication No. S58-156124, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit V (filed under seal);

1. Japanese utility model application/publication No. S59-40536, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit W (filed under seal);

12. Japanese utility model application/publication No. S59-59577 and Application
S57-170212, including the agreed-upon English translation pursuant to the Parties’ December
12, 2014 stipulation, included as Exhibit X;

13. Japanese utility model application/publication No. S59-62263, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included

as Exhibit Y (filed under seal);
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14. Japanese utility model application/publication No. S62-18699, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit Z (filed under seal);

15. Japanese utility model application/publication No. S62-31640, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit AA (filed under seal);

16. Japanese utility model application/publication No. S62-33961, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit BB (filed under seal);

17. Japanese utility model application/publication No. S62-126264, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit CC (filed under seal);

18. Japanese utility model application/publication No. S63-27046, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit DD (filed under seal);

19. Japanese utility model application/publication No. S63-32344, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit EE;

20. Japanese utility model application/publication No. S63-35160, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included
as Exhibit FF (filed under seal);

21. Japanese utility model application/publication No. S63-46266, including the
agreed-upon English translation pursuant to the Parties’ December 12, 2014 stipulation, included

as Exhibit GG (filed under seal);
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The attached exhibits are marked with sequential page numbers in the upper right corner
in the form of [Exhibit Letter — Page Number]. For example, the first page of Exhibit M is “M-
1” and so forth. Where the upper right corner of a document does not allow for such marking,
page numbers will be located along the right hand margin of the document. For briefing
purposes, material within this Notice of Reliance will be identified as “O6NOR” (an acronym for
Opposers’ Sixth Notice of Reliance). For example, a reference to the first page of Exhibit M in
the trial brief would be O6NOR M-1.

Opposers intend to rely upon and hereby make of record the attached exhibits. Certain of
the attached exhibits contain information that Applicant considers confidential pursuant to the
Stipulated Protective Order entered into by the parties and approved by the Board. Accordingly,
Opposers are simultaneously filing and serving an unredacted copy. Redactions are based on

input from Applicant, and are not necessarily considered worthy of redaction by Opposers.

Respectfully Submitted,

Dated: July 15, 2015 By:  /s/Robert N. Phillips
Robert N. Phillips
Seth B. Herring
Reed Smith LLP
101 Second Street
San Francisco, CA 94105

Attorneys for Opposer Briggs & Stratton
Corporation

Dated: July 15, 2015 By:  /s/ Kenneth Nowakowski
Kenneth Nowakowski
Elizabeth Townsend Bridge
Melinda Giftos
Whyte Hirschboeck Dudek S.C.
535 East Wells Street, Suite 1900
Milwaukee, WI 53202

Attorneys for Opposer Kohler Co.
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CERTIFICATE OF SERVICE

I hereby certify that a true copy of the foregoing OPPOSERS’ SIXTH NOTICE OF
RELIANCE (Redacted — Public Version) was served via first class mail, postage prepaid, this
15th day of July, 2015 upon:

Vinita Ferrera, Esq.

John Regan, Esq.

Carrie Seares, Esq.

Sarah R. Frazier, Esq.

Shira C. Hoffman, Esq.

Wilmer Cutler Pickering Hale and Dorr LLP
60 State Street

Boston, Massachusetts 02109-1800

Phone: (617) 526-6448

Fax: (617) 526-5000

Robert N. Phillips

Seth B. Herring

Reed Smith LLP

101 Second Street

San Francisco, CA 94105
Phone: (415) 543-8700
Fax: (415) 391-8269

/s/ Peter F. Sewell
Peter F. Sewell

WHD/11654605.1 5



United States Patent [
Yamaguchi et al.

M-1

4,813,385
Mar. 21, 1989

[t1} Patent Number:
[45] Date of Patent:

[54] GENERAL-PURPOSE INTERNAL
COMBUSTION ENGINE

Yoshinobu Yamaguchi; Mutsumi
Terasawa, both of Saitama; Mitsuo
Sasagase, Shizuoka, all of Japan

[73] Assignees: Honda Giken Kogyo Kabushiki
Kaisha, Tokyo; Toyoroki Seizo Co.,
Ltd., Shizuoka, both of Japan

[21] Appl. No.: 143,299
[22] Filed: Jan. 11, 1988

[75] Inventors:

Related U.S. Application Data
[63] Continuation of Ser. No. 793,410, Oct. 31, 1985, aban-

doned.

30} Foreign Applicatien Priority Data
Nov. 1, 1984 [TP]  Tapan ....mmscimssssens 59-230915
Nov. 1, 1984 [JP]  Japan .. . 59-230916
Nov. 1, 1984 [JP]  Japan ....cocecmniemien 59-230917
Nov. 1, 1984 [IJP]  Japan 59-165832{U]
Nov. 1, 1984 [JP]  Japan ... .. 59-165833[U]
Nov. 1, 1984 {JP]  Japan .......cerievnrneenne 59-165834[U]
[51] Int. C1* F02B 65/00
[52] U.S. ClL 123/2; 55/320
[58] Field of Search ................... 12372, 195 C, 193 C;
290/1 R, 1 A, 1 B; 55/317, 318, 320, 337

[56] References Cited

U.S. PATENT DOCUMENTS
3,521,726  7/1970 123/198 E
3,952,640 4/1976 we 55/31 B
4,013,105 3/1977 Wuskallio ... 123/198 E

i 357337
.................... 92/169

4,276,067 6/1981 Lindman .......
4,610,229 9/1986 Wissmann et al.

FOREIGN PATENT DOCUMENTS

2399200 3/1979 France .
2524551 10/1983 France .
2534626 4/1984 France .
27-5504 7/1952 Japan .
54-20689 7/1979 Japan .
56-50126 11/1981 Japan .
57-61155 471982 Japan .

Primary Examiner—Tony M. Argenbright
Assistant Examiner—Eric R. Carlberg
Attorney, Agent, or Firm—Armstrong, Nikaido,
Marmelstein & Kubovcik

{57] ' ABSTRACT

A general-purpose internal combustion engine com-
prises an engine unit, a recoil starter, a fuel tank dis-
posed on the engine unit, a main air cleaner disposed on
the engine unit and coupled with a precleaner, and a
muffler disposed on the engine unit. The main air
cleaner and the muffler are disposed laterally of the fuel
tank in’ parallel relation to each other, the main air
cleaner being located closely to the recoil starter, and
the muffler being disposed remotely from the recoil
starter. The precleaner has an air inlet member disposed
remotely from the muffler and positioned without pro-
jecting out of a plane containing a side of the main air
cleaner which is remote from the muffler. The pre-
cleaner has an air outlet and the main air cleaner has a
case with an air inlet defined in a side thereof and a
substantially cylindrical filter housed centrally in the
case coaxially with the vertical axis thereof. The air
inlet has a central axis sidewardly offset a distance from
a horizontal axis of the case and connected to the air
outlet.

6 Claims, 4 Drawing Sheets
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GENERAL-PURPOSE INTERNAL COMBUSTION
ENGINE

This application is a continuation of application Ser. 5
No. 793,410 filed Oct. 31, 1985, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a general-purpose
internal combustion engine for use as a prime mover in
various machines for agricultural, civil construction,
and other uses and in various portable machines such as
electric generators and pumps, and more particularly to
such a general-purpose internal combustion engine hav-
ing an air cleaner with a precleaner.

Internal combustion engines for use as prime movers
in various machines for agricultural, civil construction,
and other uses and in various portable machines such as
electric generators and pumps, are often used in dusty
places. Therefore, the filters in the air cleaners of such
internal combustion engines are liable to get clogged
soon, and have to be frequently cleaned or replaced. to
avoid this shortcoming, there have been proposed gen-
eral-purpose internal combustion engines as disclosed in
Japanese Utility Model Publication Nos. 27-5504 and
54-20689, for example. The disclosed internal combus-
tion engines have a main air cleaner employing a filter
of paper and/or urethane foam and a cyclone-type pre-
cleaner positioned laterally of the main air cleaner.
Dust-laden air is first introduced into the precleaner
which removes most of the dust from the air. The air
from the precleaner is then introduced into the main air
cleaner through a port defined in a side thereof.

With the conventional air cleaner arrangements, 45

however, the precleaner is simply connected to the air
inlet port of the main air cleaner. The prior air cleaner
structures have failed to meet the following require-
ments:

(a) The precleaner should not project out of the as-
sembly of an engine, a fuel tank, a muffler, and an air
cleaner, so that the precleaner would not impair the
appearance of the engine assembly, would not obstruct
the operation of a recoil starter, or would be damaged
by being hit by an object;

(b) The precleaner should be located so as not to
draw air heated by a heating body such as a muffler;

(c) The main air cleaner and the precleaner should
should be interconnected by a joint duct having a small
resistance to the flow of air therethrough;

(d) The precledner should be structured so that it
could easily be formed;

(e) The precleaner should be arranged so that dust
discharged therefrom would not be drawn through its
own air inlet port into the precleaner; and

() The joint between the precleaner and the main air
cleaner should be durable.

The filter of the main air cleaner is oval or generally
cylindrical in shape and housed centrally coaxially in an
- air cleaner case having a complementary shape. The
filtered air discharged from the precleaner is introduced
into the main air cleaner case toward the vertical axis
thereof and impinges substantially perpendicularly
upon the outer circumferential surface of the oval or
cylindrical filter, with the result that the filter portion
hit by the filtered air tends to get clogged soon. There-
fore, the entire circumferential surface of the filter is not
effectively utilized, and it is uneconomical to clean or
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2
replace the entire filter when the other filter portion is
not appreciably clogged.

The present invention has been made in an attempt to
meet the aforesaid requirements of the general-purpose
internal combustion engines and also to solve the above
problem of the conventional air cleaner combined with
the cyclone-type precleaner. |

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
general-purpose internal combustion engine having a
precleaner attached to a main air cleaner so that the
precleaner will not impair the appearance of the engine
assembly, will not obstruct the operation of a recoil
starter, and will not be damaged by being hit by an
object, the precleaner being located so as not to intro-
duce air heated by a heating body such as a muffler.

Another object of the present invention is to provide
a general-purpose internal combustion engine having a
main air cleaner and a precleaner which are intercon-
nected by a joint duct having a small resistance to the
flow of air therethrough,

Still another object of the present invention is to
provide a general-purpose internal combustion engine
having a precleaner structured so that it could easily be
formed;

A still further object of the present invention is to
provide a general-purpose internal combustion engine -
having a precleaner arranged so that dust discharged
therefrom will not be drawn through its own air inlet
port into the precleaner.

A yet still further object of the present invention is to
provide a general-purpose internal combustion engine
having a precleaner and a main air cleaner which are
interconnected by a durable joint.

Still another object of the present invention is to
increase the cleaning or replacement interval and the air
purifying efficiency of the filter in an air cleaner having
a cyclone-type precleaner. v

According to the present invention, there is provided
a general-purpose internal combustion engine compris-
ing an engine unit, a recoil starter disposed parallel to
the engine unit, a fuel tank disposed on the engine unit,
a main air cleaner and a muffler disposed on the engine
unit laterally of the fuel tank in parallel relation to each
other, the main air cleaner being located closely to the
recoil starter, the muffler being disposed remotely from
the recoil starter, and a precleaner connected to the
main air cleaner and having an air inlet member dis-
posed remotely from the muffler an positioned without
projecting out of a plane containing a side of the main
air cleaner which is remote from the muffler.

The precleaner comprises an upper cleaner cases and
a lower dust pan which are detachably coupled to each
other, the upper cleaner case having an air inlet duct
projecting laterally and having-a lower open end, the
dust pan having the air inlet member which projects
laterally and opens upwardly, the air inlet member de-
fining an air inlet port directed substantially down-
wardly, the cleaner case and the dust pan being coupled
together with the air inlet duct and the air inlet member
held in registry with each other. Each of the cleaner
case and the dust pan is substantially cylindrical in
shape, the air inlet duct and the air inlet member pro-
Jjecting tangentirally from the cleaner case and the dust
pan, respectively, the dust pan having a dust outlet hole
defined in a bottom thereof and opening away from the
air inlet port.

Cummins000282
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The precleaner has an integral air duct at its upper
portion, the air duct having an air outlet at an outer end
thereof, the main air cleaner having an air inlet defined
in a side thereof and connected to the air outlet, the air
duct having an upper surface curved progressively
upwardly toward the air outlet.

The air duct of the precleaner has a flange surround-
ing the air outlet, the air outlet and the air iniet being
coupled by the flange, the precleaner engaging the main
air cleaner at a position below the air outlet and the air
inlet which are coupled to each other.

According to the present invention, there is also pro-
vided an air cleaner comprising a cyclon-type pre-
cleaner having an air outlet, and a main air cleaner
including a case having an air inlet defined in a side
thereof and a substantially cylindrical filter housed cen-
trally in the case coaxially with the vertical axis thereof,
the air inlet having a central axis sidewardly offset a
distance from an axis of the case and connected to the
air outlet of the precleaner.

The above and further objects, details and advantages

- of the present invention will become apparent from the
following description of a preferred embodiment
thereof, when read in conjunction with the accompany-
ing drawings. :

BRIEF DESCRIPTION OF THE DRAWINGS

. FIG. 1 is a perspective view of a general-purpose
internal combustion engine according to the present
invention;

FIG. 2 is a plan view of the general-purpose internal
combustion engine;

FIG. 3 is an enlarged front elevational view of the
general-purpose internal combustion engine, with a
precleaner shown in vertical cross section;

FIG. 4 is an enlarged fragmentary side elevational
view of the general-purpose internal combustion en-
gine, with the precleaner and a main air cleaner in verti-
cal cross section;

FIG. 5 is a horizontal cross-sectional view of the
main air cleaner and the precleaner;

FIG. 6 is an exploded perspective view of the pre-
cleaner;

FIG. 7 is a bottom view of a precleaner case;

FIG. 8 is a plan view of a dust pan; and

FIG. 9 is a bottom view of the dust pan.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As shown in FIGS. 1 and 2, a general-purpose inter-
nal combustion engine includes an engine unit 1 having
an air guide cover 2 disposed on one side thereof in
covering relation to an engine cooling fan integral with
a flywheel. A recoil starter 3 is attached to the outer
surface of the air guide cover 2 in parallel relation to the
engine unit 1.

A fuel tank 4 is disposed on the upper surface of the
engine unit 1 at one side thereof. A main air cleaner 6
coupled with a cyclone-type precleaner 5 and a mufiler
7 are disposed laterally of the fuel tank 4 parallel to each
other, the main air cleaner 6 and the precleaner § being
located closely to the recoil starter 3. Each of the fuel
tank 4, the main air cleaner 6, and the muffler 7 is sub-
stantially rectangularly shaped when viewed in plan.

Asillustrated in FIGS. 4 and 5, the main air cleaner 6
accommodates. a substantially cylindrical or elliptical
filter centrally in a cleaner case 6a coaxially with the
vertical axis thereof, the cylindrical or oval filter com-

4

prising a paper filter member 8 and a urethane foam
member 9 surrounding the paper filter member 8. The
cylindrical or oval filter has an inner space communicat-
ing through an air duct 10 with a carburetor 11 (FIGS.
1 and 3).

As shown in FIG. 5, the main air cleaner 6 has an air
inlet 61 defined in a side thereof and having a central
axis sidewardly displaced or offset a distance | from a

~ horizontal axis X—X of the cleaner case 6a, and the
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precleaner 5 has an air outlet 51 defined by the outer
end of an air duct 59 thereof. The precleaner 5 is at-
tached to the main air cleaner 6 by a flange 12 surround-
ing the air outlet 51 with the air inlet 61 and the air
outlet 51 held in registry with each other, As shown in
FIG. 4 and 5, bolts 13 extend through the flange 12
threadedly into nuts 15 on a patch plate 14 disposed in
the main air cleaner 6 and held against the inner side
thereof in surrounding relation to the air inlet port 61.
The precleaner 5 has a pair of hooks 16 (FIGS. 4 and 5)
projecting into the main air cleaner 6 below the air
outlet 51 and the air inlet 61 and held in engagement
with a case of the main air cleaner 6 and an edge of 2
hole 17 defined in the patch plate 14. The precleaner §
may have a horizontally elongate single hook rather
than the pair of hooks 16.

As illustrated in FIG. 6, the precleaner 6 comprises
an upper cleaner case 5A. substantially in the form of 2
hollow cylinder, and a lower dust pan 5B substantially
in the form of a hollow cylinder. The upper cleaner case
5A and the lower dust pan 5B are fitted fogether
through a socket and spigot joint 52 (FIG. 6) and fas-
tened together by a plurality of screws 16. (FIGS. 3 and
4).

The air duct 59 is integral with the upper cleaner case
5A and has an upper surface 59a which is gradually
curved progressively upwardly toward the main air
cleaner 6.

The upper cleaner case 5A has an integral air inlet
duct 53 projecting tangentially outwardly and opening
downwardy. An air guide slesve 54 with a plurality of
revolving guide blades 55 integrally formed there-
around is removably fitted centrally in the upper
cleaner case S5A.

The lower dust pan 5B has an integral air inlet mem-
ber projecting laterally outwardly tangentially there-
from and opening upwardly. The air inlet member de-
fines an an air inlet port 56 held in registry with the
open end of the air inlet duct 53. The air inlet port 56
opens obliquely downwardly remotely from the muffler
7 through a grid 57.

The air inlet duct 53 and the air inlet port 56 are

. joined through a socket and spigot joint contiguous to

w
w

60

the socket and spigot joint 52. The dust pan 5B has a
plurality of dust outlet holes 58 defined in the bottom
thereof along its peripheral edge. The dust outlet holes
58 are directed away from the air inlet hole 56 so that
dust discharged from the dust outlet holes 58 will not be
directed toward the air inlet hole 56 as indicated by the
arrows in FIG. 9.

The dust pan 5B have screw holes 17A, 17B, 17c
which are spaced at irregular intervals so that the air
inlet port 56 and the dust outlet holes 58 will properly
be positioned with respect to each other when the
cleaner case 5A and the dust pan 5B are coupled by
screws through the screw holes 17A, 17B, 17C.

With the cyclone-type precleaner 5 mounted on the
main air cleaner 6, the air inlet port 56 of the precleaner
5 is positioned remotely from the muffler 7 as shown in

M-7
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FIG. 1 and 2, and does not project out of a plane F in
which sides of the main air cleaner 6 and the fuel tank 4
lie. The precleaner 5 also does not project out of a plane
G extending perpendicularly to the plane F and in
which the end face of the muffler 7 lies. The fuel tank 4,
the main air cleaner 6 with the precleaner 5 attached
thereto, and the muffler 7 are positioned in a substan-
tially rectangular space as seen in plan.

When the engine operates, dust-laden air is intro-
duced through the air inlet port 56 into the precleaner 5
and caused to revolve by the tangential duct 53 and the
revolving guide blades 55. Dust of a large specific grav-
ity such as sand particles drops along the inner wall
surface of the dust pan 5B and is discharged out of the
dust pan 5B through the dust outlet holes 58. Air from
which most dust has been removed is drawn upwardly
through the central air guide sleeve 54 and then through
the duct 59 and the ports 51, 61 into the main air cleaner
6, in which the air is purified by the filter members 8, 9.
Since the air inlet 61 of the main air cleaner 6 having a
central axis sidewardly offset the distance 1 of the hori-
zontal axis X - X thereof, the air having entered the
main air cleaner 6 is caused to flow along the inner
peripheral surface of the cleaner case 6a. Therefore,
dust can be removed form the air by the cyclonic ac-
tion, and the air can be filtered through the entire cir-
cumference of the filter. Thus, the filter is prevented
from being locally clogged with dust. The interval for
cleaning or replacing the filter is increased, and the air
purifying efficiency of the filter is also increased. The
filter is accordingly economical in use.

Although there has been described what is at present
considered to be the preferred embodiment of the pres-
ent invention, it will be understood that the invention
may be embodied in other specific forms without de-
parting from the spirit or essemtial characteristics
thereof. The present embodiment is therefore to be
considered in all aspects as illustrative, and not restric-
tive. The scope. of the invention is indicated by the
appended claims rather than by the foregoing descrip-
tion. -

We claim:

1. A general-purpose internal combustion engine
comprising:

an engine unit having a crank case and a cylinder;

a recoil starter disposed adjacent and coaxially with

respect to said engine unit;

a fuel tank disposed over said crank case;

a main air-cleaner and a muffler disposed on said

engine unit laterally of said fuel tank in parallel
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6

relation to each other, said main air cleaner being
located closely to said recoil starter, said muffler
being disposed remotely from said recoil starter
and above said cylinder;

a precleaner connected to said main air cleaner and
having an air inlet member disposed remotely from
said muffler, said precleaner comprising an upper
cleaner case and a lower dust pan which are de-
tachably coupled to each other, said upper cleaner
case having an air inlet duct projecting laterally and
having a Jower open end, said dust pan having said
air inlet member which projects laterally and opens
upwardly, said air inlet member defining an air
inlet port directed substantially downwardly, said
cleaner case and said dust pan being coupled to-
gether, with said air inlet duct and said air inlet
member held in registry with each other.

2. A general-purpose internal combustion engine
according to claim 1, wherein each of said fuel tank,
said muffler; and said main air cleaner is substantially
rectangularly shaped as viewed in plan.

3. A general-purpose internal combustion engine
according to claim 1, wherein said air inlet duct and said
air inlet member project tangentially from said cleaner
case and said dust pan, respectively, said dust pan hav-
ing a dust outlet hole defined in a bottom thereof and
opening away from said air inlet port.

4. A general-purpose internal combustion engine
according to claim 1, wherein said precleaner has an
integral air duct at its upper portion, said air duct hav-
ing an air outlet at an outer end thereof, said main air

M-8

cleaner having an air inlet defined in a side thereof and

connected to said air outlet, said air duct having an
upper surface curved progressively upwardly toward
said air outlet. '

5. A general-purpose internal combustion engine
according to claim 1, wherein said air duct of said pre-
cleaner has a flange surrounding said air outlet, said air
outlet and said air inlet being coupled by said flange,
said precleaner engaging said main air cleaner at a posi-

tion below said air outlet and said air inlet which are.

coupled to each other.

6. A general-purpose internal combustion engine
according to claim 1, wherein said main air cleaner has
an oval filter disposed centrally therein in alignment
with a vertical axis thereof, said air inlet having a cen-
tral axis sidewardly offset a distance from a horizontal

axis of said warm air cleaner.

* % % X *
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G7) ABSTRACT

In an engine generator unit, a framework has vertical pipe
frame portions at its four comers, and an engine and an
electric-power generator to be driven by the engine are
provided coaxially in a direction of an engine output shaft
within a space defined by the framework. Fuel tank is
provided above the engine and electric-power generator
between a pair of support members each spanning between
a different pair of the vertical pipe frame portions. Muffler
connected to an exhaust-discharging end of the engine is
positioned adjacent the fuel tank in a side-by-side relation to
the fuel tank. Heat blocking cover covers top and side
portions of the muffler and is placed between the pair of
support members in such a way that a substantially entire top
region of the space defined by the framework is covered with
the fuel tank and the heat blocking cover. Thus, it is possible
to increase the capacity of the muffler while providing for a
large capacity of the fuel tank.
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1
ENGINE GENERATOR UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an engine generator unit
which includes an engine and an electric-power generator to
be driven by the engine that are mounted within a space
defined by a pipe-shaped framework.

2. Related Prior Art

Among general-purpose power supply devices suitable
for outdoor use is the so-called open-type engine generator
unit which includes an engine and an electric-power gen-
erator to be driven by the engine that are mounted within a
space defined by a framework. Typical examples of such an
open-type engine generator unit are shown in Japanese
Patent Publication No. HEI 1-9452 and Japanese Utility
Model Publication HEI 7-24922.

In the engine generator unit disclosed in Japanese Patent
Publication No. HEI 1-9452, the engine and electric-power
generator to be driven by the engine are mounted side by
side within a space defined by a framework made of pipe
members. Within the space, a muffler and an air cleaner are
also provided alongside of the generator and engine,
respectively, and a generally flat fuel tank is provided over
the engine, generator, muffler and air cleaner so as to cover
a substantially entire top region of the space above the
engine and generator.

Similarly, in the engine generator unit disclosed in Japa-
nese Utility Model Publication HEI 7-24922, the engine and
electric-power generator to be driven by the engine are
mounted side by side within a space defined by a protective
framework made of pipe members. Within the space, a
muffler enclosed by a muffler cover is disposed above the
generator, and a generally flat fuel tank is provided over the
engine, generator and muffler so as to cover a substantially
entire top region of the space above the engine, generator
and muffler.

With the engine generator unit disclosed in the No. HEI
1-9452 publication, however, the capacity (size) and posi-
tion of the muffler, which becomes particularly hot during
operation, have to be carefully chosen (and hence are subject
to considerable limitations) because the engine, generator,
muffler and air cleaner are packed together in the
framework-defined limited space under the fuel tank. Also,
the capacity of the fuel tank has to be carefully chosen (and
hence is subject to considerable limitations) in order to
prevent the fuel tank from interfering with the other com-
ponents provided in the small space below the fuel tank; for
example, there are needs to appropriately shape the under-
side of the fuel tank, to provide a buffering space for
avoiding thermal influences from components lying under-
neath the fuel tank. The engine generator unit disclosed in
the No. HEI-7-24922 publication faces similar inconve-
niences and problems.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide an improved engine generator unit which can
increase the capacity of the muffler while providing for a
large capacity of the fuel tank.

To accomplish the above-mentioned object, the present
invention provides an engine generator unit which com-
prises: a framework having vertical pipe frame portions at its
four corners; an engine; an electric-power generator to be
driven by the engine, the engine and the electric-power
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generator being provided coaxially in a direction of an
engine output shaft within a space defined by the frame-
work; a fuel tank disposed above the engine and eleciric-
power generator between a pair of support members each
spanning between a different pair of the vertical pipe frame
portions; a muffler connected to an exhaust-discharging end
of the engine and positioned adjacent the fuel tank in a
side-by-side relation thereto; and a heat blocking cover
covering top and side portions of the muffler, the heat
blocking cover being placed between the pair of support
members in such a way that a substantially entire top region
of the space defined by the framework is covered with the
fuel tank and the heat blocking cover.

With the arrangements that the muffler covered with the
heat blocking cover is disposed above the engine and
electric-power generator and adjacent the fuel tank in a
side-by-side relation thereto and the fuel tank and heat
blocking cover together cover a substantially entire top
region of the space defined by the framework, the muffler in
the inventive engine generator unit is less subject to limi-
tations on its capacity (size) and mounting position than in
the prior counterparts where the engine, generator, muffler
etc. are packed in an extremely narrow space under the fuel
tank. Thus, with the present invention, the size and hence
capacity of the muffler can be increased with ease. Further,
the present invention can effectively reduce undesired heat
radiation from the muffler to the fuel tank by closing the top
and side portions of the muffler with the heat blocking cover,
so that adverse thermal influences of the muffler on the fuel
tank can be reliably avoided even where the muffler is
located close to the fuel tank. In addition, because the
muffler is not placed under the fuel tank, the empty space
under the fuel tank can be accessed or used with ease, and
the bottom portion of the fuel tank can be increased in size,
which thereby provides for an increased overall capacity of
the fuel tank. .

In a preferred implementation of the present invention, a
cylinder of the engine is mounted in a downwardly tilted
posture with respect to a general vertical axis of the engine
generator unit, and the muffler is mounted with its general
plane lying substantially horizontally above the cylinder of
the engine in an orientation where a longitudinal axis of the
muffler crosses the engine output shaft at right angles
thereto. By thus tilting the engine cylinder, the overall height
or profile of the engine can be significantly lowered, which
leaves a relatively large empty space above the thus-lowered
engine cylinder within the space surrounded by the frame-
work. The relatively large empty space can be utilized to
position the horizontal muffler substantially at right angles to
the engine output shaft, with the result that a large-size
muffler can be mounted within the space defined by the
framework.

Preferably, the heat blocking cover is generally in the
shape of an elongate semicylindrical bowl closed at opposite
ends and opening downward to cover an upper surface of the
muffler, and a cooling air passage is provided between the
heat blocking cover and the muffler. The outer surface of the
muffler can be cooled with cooling air flowing through the
cooling air passage. Further, by the presence of the cooling
air passage, the heat of the muffler is not transferred directly
to the heat blocking cover so that the outer surface tempera-
ture of the heat blocking cover can be prevented from getting
very high.

Further, in a preferred implementation of the present
invention, the muffler has an exhaust port positioned near the
distal end of the cylinder of the engine mounted in the
downwardly tilted posture, and a control panel is disposed
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on a side of the engine generator unit opposite or remote
from the exhaust port. With this arrangement, the exhaust
from the muffler can be prevented from flowing toward the
control panel, which is therefore not thermally influenced by
the muffler exhaust and can be constantly maintained in a
suitable operating condition for a human operator to appro-
priately manipulate the panel as necessary.

Preferably, the electric-power generator is an outer-rotor/
multipolar-magnet generator that has an outer rotor func-
tioning also as a flywheel of the engine, and it further
comprises an electric power controller for converting an
output from the outer-rotor/multipolar-magnet generator to
electric power of a predetermined frequency. Here, an output
from the outer-rotor/multipolar-magnet generator, rather
than the conventional synchronous generator, is converted
via the electric power controller into electric power of a
predetermined frequency and the outer rotor can function
also as the flywheel of the engine, which can eliminate a
need for a separate flywheel. The dimension of the engine
generator unit in the axial direction of the engine output
shaft can be reduced accordingly. In addition, because the
fuel tank and muffler are placed side by side above the
engine and generator, the engine generator unit can be
constructed compactly into a generally cubic configuration
and therefore can be installed appropriately in a small
mounting space.

Preferably, the framework includes a pair of upper hori-
zontal pipe frame portions each connecting between a pre-
determined pair of the vertical pipe frame portions, and the
pair of upper horizontal pipe frame portions provide grips
that can be suitably used when the engine generator unit is
to be carried by hand. Such upper horizontal pipe frame
portions allow the engine generator unit of the present
invention to be carried or handled with utmost facility.

With the arrangements that the engine and the electric-
power generator are provided coaxially in the direction of
the engine output shaft within the mounting space defined by
the framework, the engine cylinder is mounted in the down-
wardly tilted posture and the muffier is disposed above the
engine and generator and adjacent the fuel tank in a side-
by-side relation thereto, the inventive engine generator unit
can be reliably kept in good weight balance with its center
of gravity set substantially set at the center of the space
defined by the framework. As a result, the engine generator
unit can be carried and handled with great facility, using the
upper horizontal pipe frame portions as grips.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain preferred embodiments of the present invention
will be described in greater detail with reference to the
accompanying sheets of drawings, in which:

FIG. 1 is a perspective view showing a general construc-
tion of an engine generator unit in accordance with a
preferred embodiment of the present invention;

FIG. 2 is a vertical scctional view taken along the 2—2
line of FIG. 1;

FIG. 3 is a partly-sectional front view of the engine-
operated generator unit shown in FIG. 1;

FIG. 4 is a perspective view showing a fan cover attached
directly to an engine shown in FIG. 1; ‘

FIG. 5 is a vertical scctional view taken along the 5—5
line of FIG. 2;

FIG. 6 is an exploded perspective view showing a muffler
and a heat blocking cover in the preferred embodiment;

FIG. 7 is a sectional top plan view of the engine generator
unit in accordance with the preferred embodiment of the
present invention, which particularly shows the engine and
generator;
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FIG. 8 is a top plan view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 9 is a right side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 10 is a left side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention,

FIG. 11 is a rear view of the engine generator umit in
accordance with the preferred embodiment of the present
invention;

FIG. 12 is a view explanatory of behavior of the inventive
engine generator unit; and

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description is merely exemplary in nature
and is in no way intended to limit the invention, its appli-
cation or uses.

FIG. 1 is a perspective view showing a general construc-
tion of an engine generator unit in accordance with a
preferred embodiment of the present invention. As shown,
this engine generator unit 10 is of the open type which
includes a pipe framework 11 that, in the illustrated
example, is generally formed into a hollow cubic shape and
composed of front and rear generally-square or rectangular
pipe-shaped frames 12 and 13. The generator unit 10 has a
control panel 20 fixed to the front frame in an upper hollow
region defined by the rectangular front frame, and an electric
power controller 30 is disposed in a lower hollow region
defined by the front frame. The engine generator unit 10 also
includes, within a mounting space S between the front and
rear frames 12 and 13, an engine 40, a fuel tank 90, an air
cleaner 141, an electric power generator 50 (FIG. 2) and a
muffler 102 (FIG. 2).

The rectangular front and rear frames 12 and 13 of the
pipe framework 11 are interconnected by a pair of left and
right lower beams 14 and 15 and a pair of left and right upper
beams 16 and 17 (the right upper beam 17 is not visible in
FIG. 1 and shown in FIG. 9). The rectangular front frame 12
consists of a pair of left and right vertical pipe frame
portions 124 and a pair of horizontal pipe frame portions
125, and similarly the rectangular rear frame 13 consists of
a pair of left and right vertical pipe frame portions 134 and
a pair of horizontal pipe frame portions 13b. Thus, the pipe
frame 11 has the vertical pipe frame portions 12a and 134 at
its four corners as viewed in plan.

On corresponding positions of the opposed upper hori-
zontal pipe frame portions 12b and 13b, the pipe frame 11
includcs a pair of positioning supports 18 that arc used when
another engine-operated generator unit (not shown) of the
same construction is to be superposed on the engine gen-
erator unit 10. More specifically, the positioning supports 18
are provided on the upper horizontal pipe frame portions 12b
and 13b so that they can engage the other engine generator
unit against displacement in the front-rear and left-right
directions. i

The upper horizontal pipe frame portions 125 and 13,
connecting between the vertical pipe frame portions 12a of
the front frame 12 and between the vertical pipe frame
portions 134 of the rear frame 13, respectively, are opposed
to each other at a same level of the unit 10 and thus can be

Cummins000321



N-17

US 6,362,533 B1

5

suitably used as grips when the unit 10 is to be carried by
hand. Namely, the upper horizontal pipe frame portions 12b
and 135 allow the engine generator unit 10 of the present
invention to be carried or handled with utmost facility.

The control panel 20 includes various electrical compo-
nents that counstitute an engine control, an electric-power
take-out section, etc. More specifically, on the control panel
20, there are provided an engine switch 21 for turning on an
engine ignition system, an ignition controller 22 for con-
trolling the engine ignition, a battery charger socket 23 for
charging an external battery, a first take-out socket 24 for
taking out a high-level A.C. current, and two second take-out
sockets 25 each for taking a current lower in level than that
taken out by the first take-out socket 24. Also provided on
the control panel 20 are a circuit breaker 26 for breaking the
electric circuit when the output current from any one of the
sockets 24 and 25 exceeds a predetermined threshold value,
and a frequency changing switch 27 for changing the
frequency of the output current from the sockets 24 and 25.
The electric power controller 30 converts the output fre-
quency of the generator 50 into a predetermined frequency
and may comprise, for example, a cycloconverter.

FIG. 2 is a vertical sectional view taken along the line
2—2 of FIG. 1, which shows the engine 40, generator 50,
fuel tank 90 and mufller 102 as viewed from the front of the
engine generator unit 10; note that only a lower end portion
of the framework 11 is shown in this figure for simplicity of
illustration.

Within the space surrounded by the pipe frame 11, as seen
in FIG. 2, the engine 40 and generator 50 capable of being
driven by the engine 40 are positioned side by side in an
axial direction of an engine output shaft 41, and the fuel tank
90 and muffler 102 are disposed above the generator 50 and
engine 40. When the engine generator unit 10 is viewed from
its front as in FIG. 2, the engine 40 is located in the lower
right of the generator unit 10, the generator 50 located in the
lower left of the generator unit 10, the fuel tank 90 located
above the generator 50, and the muffler 102 located above
the engine 40 that has an overall height significantly reduced
by placing the engine cylinder in a downwardly tilted
posture with respect to a general vertical axis of the gen-
erator unit 10 as will be later described. The fuel tank 90 and
muffler 102 are placed substantially horizontally (with their
general planes lying substantially horizontally) in a side-by-
side relation to each other. Because the fuel tank 90 and
muffler 162 are thus mounted side by side right above the
generator 50 and engine 40, the engine-operated generator
unit 10 can be constructed compactly into a generally-cubic
overall configuration, so that it can be appropriately installed
even in a relatively small space with its center of gravity
significantly lowered.

FIG. 3 is a partly-sectional front view of the engine-
operated generator unit 10 with principal components of the
generator unit 10 of FIG. 2 depicted on an enlarged scale. To
the pipe frame 11 of the generator unit 10, there are fixed the
engine 40, the generator 50 operatively connected the engine
40, a centrifugal cooling fan device 60 disposed on one side
of the generator 50 remote from the engine 40 for introduc-
ing or sucking in outside air for cooling purposcs to be
described later, a recoil starter 70 connected to the cooling
fan device 60 via a connecting cylinder 66, and a fan cover
80 enclosing the generator 50 and cooling fan device 60.
Outer rotor 54, cooling fan device 60 and recoil starter 70 are
mounted coaxially relatively to the engine output shaft 41.

The electric-power generator 50 in the preferred embodi-
ment is an outer-rotor/multipolar-magnet generator whose

10

15

20

30

35

45

50

55

60

65

6

outer rotor 54 is supported by the engine output shaft 41 in
a canlilever fashion. More specifically, the generator 50 is
made up of an inner stator 56 including a stator core 51 in
the form of axially-stacked rings fixed to a side wall of the
crankcase 42 and a plurality of coils wound on the stator
core 51, the outer rotor 54 generally in the shape of a cup and
mounted on the engine output shaft 41 by means of a hub 53,
and a plurality of magnets 55 secured to the inner surface of
the outer rotor 54.

The cup-shaped outer rotor 54 surrounds the inner stator
56 (i.e., the stator core 51 and coils 52) and has its one end
(cup bottom portion) coupled with the centrifugal cooling
fan device 60; thus, the centrifugal cooling fan device 60
having a relatively large diameter can be mounted reliably in
a simple manner. The large diameter of the centrifugal
cooling fan device 60 can suck in a sufficient amount of air
for cooling the engine 40 and generator 50.

The outer rotor 54 in the preferred embodiment also
functions as a cantilevered flywheel, which can eliminate a
need for a separate flywheel. Thus, the dimension of the
generator unit 10 in the axial direction of the engine output
shaft 41 can be reduced accordingly to permit downsizing of
the framework 11, so that the generator unit 10 can be
reduced in overall size. The cup-shaped outer rotor 54 also
has air holes 54a and 54b in the cup bottom portion and
cylindrical side wall.

Mounting accuracy of the fan cover 80 relative to the
engine output shaft 41 need not be very high because it only
has to enclose the outer-rotor-type generator 50 and the
cooling fan device 60 attached to the outer rotor 54.

The fan cover 80 is generally in the form of a cylinder
extending horizontally along the engine output shaft 41
close to the engine 40. Specifically, the fan cover 80 has a
cooling-air inlet portion 81 at its outer end remote from the
engine 40, through which the outside air is introduced into
the generator unit 10 by means of the cooling fan device 60
generally located inwardly of the cooling-air inlet portion
81. More specifically, the cooling-air inlet portion 81 has at
its outer end a plurality of parallel air sucking-in slits 82
extending along the longitudinal direction of the fan cover
80, and a recoil starter cover 71 is attached to the cooling-air
inlet portion 81 outwardly of the cooling-air inlet portion 81.

By means of the recoil starter cover 71, the recoil starter
70 supports a pulley 72 for rotation about an axis lying in
horizontal alignment with the engine outputs haft 41 and
operatively connects the pulley 72 with the cooling fan
device 60. The recoil starter cover 71 has a plurality of air
holes 71a.

At the other or inner end adjacent the engine 40, on the
other hand, the cooling fan cover 80 is secured to the engine
crankcase 42 by means of bolts 83 (only one of which is
shown in FI1G. 3) while forming a cooling-air outlet portion
87 for blowing the cooling air onto the outer peripheral
surface of the engine 40.

FIG. 4 is a perspective view showing the cooling fan
cover 80 secured directly to the engine crankcase 42. The
cooling fan cover 80 is made of die-cast aluminum alloy that
has a high thermal conductivity and thus achieves a superior
heat-radiating performance. By being made of such die-cast
aluminum alloy and directly secured to the engine 40, the
cooling fan cover 80 can function as a very efficient heat
radiator. Namely, the heat accumulated in the outer wall of
the engine crankcase 42 can be readily transferred to the
directly-secured fan cover 80. This way, in the preferred
embodiment, the outer surface of the engine 40 and the
entire area of the cooling fan cover 80 can together provide
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an increased heat-radiating surface for the engine 40. With
such an increase in the heat radiating surface, the engine 40
can be cooled with increased efficiency, as a result of which
the oil temperature and the like in the engine 40 can also be
kept low with efficiency.

Further, as shown in FIG. 4, a pair of supporting leg
members 43 (only one of which is visible here) are secured
to opposite (front and rear) end portions of the underside of
the engine 40. Similarly, a pair of supporting leg portions 84
are secured to opposite ends of the underside of the cooling
fan cover 80. These supporting leg members 43 and 84 of the
engine 40 and cooling fan cover 80 are placed transversely
on the above-mentioned left and right lower beams 14 and
15 and bolted to the beams 14 and 15 with shock absorbing
members (vibration-isolating mounts) 44 and 85 interposed
therebeiween.

Because the cooling fan cover 80 made of the die-cast
aluminum alloy has relatively great rigidity and such a rigid
cooling fan cover 80 is firmly secured to the engine 40 thal
is also rigid enough in general, the engine generator unit 10
of the present invention can provide a rugged assembly of
the fan cover 80 and engine 40 which can be reliably
retained on the framework 11 with an appropriate shock
absorbing or cushioning capability.

Referring back to FIG. 2, at least part of the engine 40 is
covered with an engine shroud 111 with a relatively large
empty space 112 left therebetween, and the empty space 112
serves as an air passage through which air is allowed to pass
to cool the engine 40 (hereinafter referred to as an “engine-
cooling air passage” 112). Inlet portion 1124 to the interior
of the engine-cooling air passage 112 faces the cooling-air
outlet portion 87 of the fan cover 80.

The muffler 102 is covered or closed at least at its top end
portion with a heat blocking cover 121 which is a dual-cover
structure inchuding an inner cover 123 covering the muffler
102 with a predetermined first gap 122 formed therebetween
and an outer cover 125 covering the outer surface of the
inner cover 123 with a predetermined second gap 124. The
inner cover 123 of the dual heat blocking cover structure 121
is generally in the shape of a halved cylinder (elongate
semicylindrical bowl) closed at opposite ends and opening
downward to cover an almost entire outer surface of the
muffler 102 except for a lower end surface of the muffler
102. The outer cover 125 is also generally in the shape of a
halved cylinder (elongate semicylindrical bowl) closed at
opposite ends and opening downward to cover an upper
surface of the inner cover 123.

The first gap 122 between the inner cover 123 and the
mutfler 102 functions as a first cooling-air path, while the
sccond gap 124 between the inner cover 123 and the outer
cover 125 functions as a second cooling-air path. Thus, these
first and second cooling-air paths 122 and 124 together
constitute a divided muffler-cooling air passage 126 separate
from the engine-cooling air passage 112.

As further shown in FIG. 2, the engine shroud 111 has an
air guide 113 integrally formed thereon for diverting a
proportion of the cooling air from the engine-cooling air
passage 112 upwardly into the muffler-cooling air passage
126. With this air-diverting guide 113, the cooling air drawn
in from the outside via the cooling fan device 60 having
cooled the generator 50 is allowed to flow into both the
engine-~cooling air passage 112 and the muffler-cooling air
passage 126, so that the engine 40 and muffler 102 can be
cooled by the same cooling air having cooled and passed the
upstream generator 50. Because the air guide 113 is used
only to divert a proportion of the cooling air within the
engine shroud 111, it can be of simple structure.
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FIG. 5 1is a vertical sectional view taken along the 5—5
line of FIG. 2, which shows the left side of the framework
11, engine 40 and muffler 102 and where illustration of the
generator 50 is omitted for simplicity. In the preferred
embodiment, as shown in FIG. 5, the enginc 40 is con-
structed to have a lower profile, i.c., a smaller height, than
the conventional counterparts by tilting the cylinder 45,
cylinder head 46 and head cover 57, i.e., the longitudinal
axis of the engine 40, rearwardly downward about the
engine output shaft 41 with respect to the general vertical
axis of the unit 10, so as to be located obliquely upward of
the engine output shaft 41.

As further shown in FIG. 5, the muffler 102 is connected
via an exhaust pipe 101 10 an exhaust port of the engine 40.

As also seen from FIG. §, the horizontal muffler 102
extends to cross the engine output shaft 41, substantially at
right angles thereto, above the engine cylinder 45 and is
secured to an engine bracket 48. More specifically, tilting the
cylinder 45 as above can lower the overall height or profile
of the engine 40 and leaves a relatively large empty space
above the thus-lowered cylinder 45. This relatively large
empty space is utilized to position the horizontal muffler 102
to cross the engine output shaft 41 substantially at right
angles thereto; this arrangement can further increase the
capacity of the muffler 102.

Further, an exhaust port (tailpipe) 103 of the muffler 102
is positioned near the distal end of the engine cylinder 45
and extends in the same rearward direction as the cylinder 41
extends from the engine output shaft 41 in the downwardly
tilted posture, and the control panel 20 is positioned on the
front of the generator unit 10 opposite or remote from the
muffler exhaust port 103, as denoted by phantom line.

In the preferred embodiment thus arranged, the exhaust
from the muffler 102 is prevented from flowing toward the
control panel 20, which is therefore not thermally influenced
by the muffler exhaust and can be constantly maintained in
a suitable operating condition for a human operator to
appropriately manipulate the panel 20 as necessary.

The inner and outer covers 123 and 125 of the dual beat
blocking cover structure 121 are ¢longate covers spanning
between the front and rear frames 12 and 13 and secured to
the frames 12 and 13 with their opposite end flanges 123a
and 1254 superposed on each other. Further, a front support
member 127 is provided between the vertical pipe frame
portions 124 of the front frame 12 while a rear support
member 128 is provided between the vertical pipe frame
portions 13a of the rear frame 13. Two pairs of the super-
posed end flanges 123a and 1254 are bolted to the front and
rear support members 127 and 128, respectively, by which
the dual heat blocking cover structure 121 is secured
between the front and rear frames 12 and 13 above the
muffler 102.

FIG. 6 is an exploded perspective view showing the
muffler 102 and heat blocking cover 121 and is particularly
explanatory of a relationship between the muffler 102 and
the inner and outer covers 123, 125 in the preferred embodi-
ment. As shown, the inner cover 123 has an opening 1235 in
its rear wall to avoid mechanical interference with the
tailpipe 103 of the muffler 102. The muffler 102 also has an
exhaust inlet and a stay 105, and reference numeral 106 is
a bolt for insertion through the end flanges of the inner and
outer covers 123 and 125.

FIG. 7 is a sectional top plan view of the engine generator
unit 10 in accordance with the preferred embodiment of the
present invention, which particularly shows the engine 40
and generator 50 with the fuel tank 90, muffler 102 and
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control panel 20 removed for clarity. As shown in the figure,
a set of the engine 40, generator 50, electric power controller
30, engine shroud 111, air cleaner 141 and carburetor 142 is
mounted snugly within a square space defined by the frame-
work 11, and the air guide 113 of the engine shroud 111 has
a generally U-shape opening toward the cooling fan cover
80 as viewed in top plan.

As viewed 1n top plan, the cooling fan cover 80 bulges
greatly along the engine cylinder 45, and thereby allows the
cooling air to be readily introduced into the space within the
engine shroud 111. The cooling fan device 60 is a double-
side fan which includes a main fan 62 formed integrally on
the rear surface of a base 61 and an auxiliary fan 63 formed
integrally on the front surface of the base 61. The main fan
62 functions to direct the outside air, introduced through the
main cooling-air inlet portion 81, toward the engine 40,
while the auxiliary fan 63 functions to direct the outside air,
introduced through a plurality of auxiliary cooling-air inlets
133 and passed through the generator 50, toward the engine
40.

The cooling fan cover 80 has a predetermined gap 131
adjacent the engine 40 so that the gap 131 serves as the
auxiliary cooling-air inlets 133 for drawing in the outside air
to cool the interior of the gencrator 50. Namely, the gap 131
having a relatively large size is formed between one end of
the fan cover 80 and one side of the crankcase 52 remotely
from the engine cylinder 45, and this gap 131 is closed by
a plate 132 having the auxiliary cooling-air inlets 133
formed therein. The auxiliary air inlets 133 are formed in the
plate 132 inwardly of the outer rotor 54 so as to be close to
the center of the centrifugal cooling fan 60. Because the
central area of the centrifugal cooling fan 69 is subject to a
greater negative pressure, the outside air can be efficiently
sucked in through the auxiliary cooling-air inlets 133 located
close to the center of the cooling fan 60 and then directed
through the interior space of the generator 50 to the auxiliary
fan 63. The closing plate 132 bolted to the engine 40 and the
auxiliary cooling-air inlets 133 formed in the closing plate
132 are illustratively shown in FIG. 5.

FIG. 8 is a top plan view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention. As shown, the muffler 102 is disposed adjacent
the fuel tank 90 in a side-by-side relation thereto and
covered at its top with the heat blocking cover 121. Further,
the fuel tank 90 and heat blocking cover 121 span horizon-
tally between and secured to the front and rear support
members 127 and 128, so that the entire top region of the
space defined by the pipe-shaped framework 11 is substan-
tially closed by the fuel tank 90 and heat blocking cover 121.
In this figure, reference numeral 91 represents an oil filler
hole, 92 an oil filler cap, and 93 an oil surface gauge.

FIG. 9 is a right side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that the muffler 102 is
supported by the engine 40 via the above-mentioned exhaust
pipe 101 and stay 105 and that the cylinder 45 and cylinder
head 46 of the engine 40 are covered with a pair of upper and
lower engine shroud members 111.

FIG. 10 is a left side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that an actuating handle
73 of the recoil starter 70 is provided on a front left portion
of the engine generator unit 10 and the air cleaner 141 is
provided on a rear left portion of the unit 10.

Further, FIG. 11 is a rear view of the engine generator unit
10 in accordance with the preferred embodiment of the
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present invention, which particularly shows that the muffler
102 is connected via the exhaust pipe 101 to the engine
cylinder head 46 and that the rear support member 128 is
bolted at its opposite ends to the vertical pipe frame portions
13a of the rear frame 13.

Now, a description will be made about exemplary behav-
ior of the engine generator unit 10 constructed in the
above-mentioned manner, with particular reference to FIGS.
12 and 13.

FIG. 12 is a view explanatory of the behavior of the
inventive engine generator unit 10. Upon power-on of the
engine 40, the engine output shaft 41 causes the outer rotor
54 to start rotating, by which electric power generation by
the generator 50 is initiated.

Simultaneously, the cooling fan device 60 is caused to
rotate with the outer rotor 54 functioning as a magnetic rotor,
so that the main fan 62 of the device 60 sucks in the outside
air W1 through the air holes 71a, 71b of the recoil starter
cover 71 and air sucking-in slits 82 of the fan cover 80. The
thus-introduced outside air W1 flows in the space enclosed
by the fan cover 80 and is discharged radially out of the
space by the centrifugal force of the main fan 62. Then, the
cooling air W1 flows through a cooling passage 86 to
thereby cool the generator 50 and fan cover 80, after which
it exits via the cooling-air outlet portion 87 of the fan cover
80. A proportion of the cooling air W1 from the cooling-air
outlet portion 87 then enters the space defined by the engine
shroud 111 and flows through the engine-cooling air passage
112 while cooling the outer surface of the engine 40, after
which it is discharged back to the outside. Because that
proportion of the cooling air W1 flowing through the engine-
cooling air passage 112 has just cooled and passed only the
generator 50 and thus is still at a relatively low temperature,
it can cool the engine 40 with sufficient efficiency. Further,
because the air sucking-in slits 82 arc formed in the cooling-
air inlet portion 81 of the fan cover 80, a sufficient amount
of the outside air W1 can be introduced through these slits
82 into the engine generator unit 10 although the recoil
starter 70 is provided in the inlet portion 81.

The remaining portion of the cooling air W1 from the
cooling-air outlet portion 87, on the other hand, is diverted,
via the air guide 113, upwardly into the first and second
passageways 122 and 124 of the divided muffler-cooling air
passage 126. The air guide 113 provides for positive and
efficient diversion, and hence sufficient introduction, of the
cooling air W1 into the muffler-cooling air passage 126.

More specifically, the cooling air W1 diverted via the air
guide 113 flows in the first cooling-air path 122 of the
divided muffler-cooling air passage 126 along the inner
surface of the inner cover 123, to thereby cool the outer
surface of the muffler 102. The cooling air W1 diverted via
the air guide 113 also flows in the second cooling-air path
124 of the divided muffler-cooling air passage 126 along the
outer cover 125, to thereby cool the outer surface of the inner
cover 123. The cooling air W1 flowing through the second
cooling-air path 124 functions as a heat blocking air layer,
namely, an air curtain, that effectively blocks the heat
transfer from the inner cover 123.

In the preferred embodiment, the outer surface tempera-
ture of the outer cover 125 can be reduced sufficiently by the
cooling air W1 flowing through the two paths 122 and 124
of the divided muffler-cooling air passage 126 in the manner
as described above. Further, because the proportion of the
cooling air W1 flowing through the two cooling-air paths
122 and 124 has just cooled and passed only the generator

* 50 and thus is still at a relatively low temperature, it can cool
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the muffler 102 with sufficient efficiency. The cooling air W1
having thus cooled and passed the muffler 102 is discharged
back to the outside.

Furthermore, the preferred embodiment can effectively
reduce undesired heat radiation from the muffler 102 to the
fuel tank 90, by closing the top and side portions of the
muffler 102 with the heat blocking cover 121. Also, the
cooling air W1 flowing between the fuel tank 90 and the
muffler 102 can form an air curtain blocking the heat transfer
between the two. Furthermore, with the cooling air W1
flowing through the muffler-cooling air passage 126, the
outer surface temperature of the heat blocking cover 121 can
be kept low so that adverse thermal influences of the muffier
102 on the fuel tank 90 can be reliably avoided even where
the muffler 102 is located close to the fuel tank 90. Thus, in
the preferred embodiment of the present invention, the fuel
tank 90 and muffler 102 both having a great capacity can be
safely positioned very close to each other, and such a
great-capacity muffler 102 can reduce an undesired roar of
the engine exhaust to a significant degree.

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit 10. The auxiliary fan 63 of
the cooling fan device 60 operates to suck in the cooling air
from the outside through the auxiliary cooling air inlets 133
formed in the closing plate 132. The thus-introduced cooling
air W2 flows into the space defined by the outer rotor 54 to
cool the stator core 51 and coils 52 and then is directed,
through the air holes 54a formed in the bottom wall of the
outer rotor 54, onto the auxiliary fan 63. Then, the cooling
air W2 is discharged back to the outside by the centrifugal
force of the fan 63 and merges with the above-mentioned
cooling air W1 discharged via the main fan 62.

In summary, the present invention arranged in the above-
described manner affords various superior benefits as fol-
lows.

The engine generator unit of the present invention is
characterized primarily in that the muffler connected to the
exhaust-discharging end of the engine is positioned adjacent
the fuel tank in a side-by-side relation thereto, the heat
blocking cover covers the top and side portions of the
muffler and the heat blocking cover is placed between the
opposed support members in such a way that a substantially
entire top region of the space defined by the framework is
covered with the fuel tank and the heat blocking cover. With
the arrangements, the muffler in the inventive engine gen-
erator unit is less subject to limitations on its capacity (i.c.,
size) and mounting position than in the prior counterparts
where the engine, generator, muffler etc. are packed together
in an extremely narrow space under the fuel tank. Thus, with
the present invention, the size and hence capacity of the
muffler can be increased with ease. Further, the present
invention can effectively reduce undesired heat radiation
from the muffler to the fuel tank by closing the top and side
portions of the muffler with the heat blocking cover, so that
adverse thermal influences of the muffler on the fuel tank can
be reliably avoided even where the muffler is located close
to the fuel tank. Furthermore, the large-capacity muffler
achieves enhanced performance to thereby reduce an undes-
ired roar of the engine exhaust to a significant degrec.

Because the muffler is not placed under the fuel tank in the
present invention, the empty space under the fuel tank can
be accessed or used with ease, and the bottom portion of the
fuel tank can be increased in size, which thereby provides
for an increased overall capacity of the fuel tank. Further, the
fuel tank and muffler can be simplified in their shapes and
flexibility in designing these components can be signifi-
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cantly enhanced. In addition, the inventive engine generator
unit can be effectively reduced in its overall size.

With the arrangement that the cylinder of the engine is
mounted in a downwardly tilted posture with respect to the
general vertical axis of the engine generator unit, the overall
height or profile of the engine can be significantly lowered,
which leaves a relatively large empty space above the
thus-lowered engine cylinder within the space surrounded
by the framework. The relatively large empty space can be
utilized to position the horizontal muffler substantially at
right angles to the engine output shaft, with the result that a
large-size muffler can be mounted.

Further, with the arrangement that the heat blocking cover
is generally in the shape of an elongate semicylindrical bowl
closed at opposite ends and opening downward to cover an
upper surface of the muffler with the muffler-cooling air
passage provided between the heat blocking cover and the
muffler, the outer surface of the muffler can be cooled with
cooling air flowing through the cooling air passage.
Furthermore, by the presence of the cooling air passage, the
heat of the muffler is not transferred directly to the heat
blocking cover so that the outer surface temperature of the
heat blocking cover can be prevented from getting very high.

Furthermore, with the arrangement that the muffler has its
exhaust port positioned near the distal end of the cylinder of
the engine mounted in the downwardly tilted posture and the
control panel is disposed on a side of the engine generator
unit remote from the exhaust port, the exhaust from the
muffler can be prevented from flowing toward the control
panel, which is therefore not thermally influenced by the
muffler exhaust and can be constantly maintained in a
suitable operating condition for a human operator to appro-
priately manipulate the panel as necessary.
 Moreover, because the arrangement that the electric-
power generator is of the outer-rotor/multipolar-magnet type
whose outer rotor functions also as the flywheel of the
engine, the dimension of the engine generator unit in the
axial direction of the enginc output shaft can be reduced
accordingly. Further, because the fuel tank and muffler are
placed side by side above the engine and generator, the
engine generator unit can be constructed compactly into a
generally cubic configuration and therefore can be installed
appropriately in a small space. In addition, the engine
generator unit can be reduced in weight and its center of
gravity can be lowered for stabilized installation.

Furthermore, because the framework includes a pair of
upper horizontal pipe frame portions each connecting
between a predetermined pair of the vertical pipe frame
portions and the pair of upper horizontal pipe frame portions
provide grips that can be suitably used when the engine
generator unit is to be carried by hand. Such upper horizon-
tal pipe frame portions achieve a good weight balance of the
inventive engine generator unit and allow the engine gen-
erator unit to be carried or handled with utmost facility.

With the arrangements that the engine and the electric-
power generator are provided coaxially in the direction of
the engine output shaft within the space defined by the
framework, the engine cylinder is mounted in the down-
wardly tilted posture and the muffler is disposed above the
engine and generator and adjacent the fuel tank in a side-
by-side relation thereto, the inventive engine generator unit
can be reliably kept in good weight balance with its center
of gravity set substantially set at the center of the space
defined by the framework. As a result, the engine generator
unit can be carried and handled with great facility, using the
upper horizontal pipe frame portions as grips.
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What is claimed is:

1. An engine generator unit comprising:

a framework having vertical pipe frame portions at four
corners thereof;

an engine;

an electric-power generator 10 be driven by said engine,
said engine and said electric-power generator being
provided coaxially in a direction of an engine output
shaft within a space defined by said framework;

a fuel tank disposcd above said engine and electric-power
generator between a pair of support members each
spanning between a different pair of the vertical pipe
frame portions;

a muffler connected to an exhaust-discharging end of said
engine and positioned adjacent said fuel tank in a
side-by-side relation thereto; and

a heat blocking cover covering top and side portions of
said muffler, said heat blocking cover being placed
between said pair of support members in such a way
that a substantially entire top region of the space
defined by said framework is covered with said fuel
tank and said heat blocking cover.

2. An engine generator unit as claimed in claim 1 wherein

a cylinder of said engine is mounted in a downwardly tilted
posture with respect to a general vertical axis of said engine
generator unit, and said muffler is mounted with a general
plane thereof lying substantially horizontally above the
cylinder of said engine in an orientation where a longitudinal
axis of said muffler crosses the engine output shaft at right
angles thereto.

10

15
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3. An engirie generator unit as claimed in claim 2 wherein
said heat blocking cover is generally in a shape of an
elongate semicylindrical bowl closed at opposite ends and
opening downward to cover an upper surface of said muffler,
and a cooling air passage is provided between said heat
blocking cover and said muffler.

4. An engine generator unit as claimed in claim 2 wherein
said muffler has an exhaust port positioned near a distal end
of said cylinder of said engine mounted in the downwardly
tilted posture, and a control panel is disposed on a side of
said engine generator unit remote from said exhaust port.

5. An engine generator unit as claimed in claim 2 wherein
said electric-power generator is an outer-rotor/multipolar-
magnet generator that has an outer rotor functioning also as
a flywheel of said engine, and which further comprises an
electric power controller for converting an output from said
outer-rotor/multipolar-magnet generator to electric power of
a predetermined frequency.

6. An engine generator unit as claimed in claim 1 wherein
said framework includes a pair of upper horizontal pipe
frame portions each connecting between a predetermined
pair of the vertical pipe frame portions, and said pair of
upper horizontal pipe frame portions provide grips when
said engine generator unit is to be carried by hand.
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PORTABLE ENGINE GENERATOR HAVING
A FAN COVER WITH HEAT RADIATING
SURFACE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates 1o an engine generator unit
including an engine and an electric-power generators driven
by the engine.

2. Related Prior Art

Among general-purpose power supply devices suitable
for outdoor use is the so-called engine generator unit which
includes an engine and an electric-power generator driven
by the engine. The engine and generator would vibrate
strongly and become hot during operation of the unit, and
thus there have been demands for techniques that can
appropriately minimize adverse influences of the vibrations
and heat of the engine and generator. Typical example of
such an engine generator unit is shown in Japanese Utility
Model Laid-Open Publication No. HEI-5-96543.

The engine generator unit disclosed in the Japanese utility
model laid-open publication has a crankshaft extending
horizontally (in a front-rear direction) through a crankcase
of the engine, and an engine-cooling fan fixed to the front
end of the crankshaft. The disclosed engine generator unit
also includes a recoil starter attached to the front end of the
engine-cooling fan device covered with a fan case. Also, in
the disclosed engine generator unit, a casing having a stator

of the generator attached thereon is connected to a rear end -

portion of the crankcase, and a rotor of the generator
supported at its rear end via bearings is connected to the rear
end of the crankshaft. Generator-cooling fan device is pro-
vided where the rotor is connected to the rear end of the
crankshaft. Further, the engine and generator are supported
by a common framework.

However, because both the engine and the generator are
supported by the common framework in the disclosed
engine generator unit, it is very important to accurately
center the generator relative to the crankshaft. Further, due
to the fact that the stator-attached casing is supported by the
framework and connected to the crankcase, the rotor must be
mounted with high positional accuracy relative to such a
casing. Furthermore, the provision of the two cooling fan
devices, i.e., the engine-cooling fan and generator-cooling
fan, would result in an increase in the necessary number of
components and a complicated structure.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide an improved engine generator unit which allows the
engine and generator to be reliably mounted to a framework
with great facility and can cffectively cool the engine and
generator using a simple structure.

To accomplish the above-mentioned object, the,present
invention provides an engine generator unit which com-
prises: an engine; an electric-power generator to be driven
by the engine, the engine and the electric-power generator
being provided coaxially in a direction of an engine output
shaft, the electric-power generator being an outer-rotor/
magnet type generator having a cantilevered outer rotor
functioning also as a substitute for an engine fly wheel; a
cooling fan device attached to the outer rotor; a fan cover
covering the electric-power generator and the cooling fan
device, the fan cover being generally in a cylindrical shape
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and made of die-cast aluminum alloy, the fan cover having,
atone end thereof remote from the engine, a cooling-air inlet
portion for introducing cooling air from outside the engine
generator unit via the cooling fan device, a recoil starter
being attached to the cooling-air inlet portion, the fan cover
being secured at another end thereof to the engine and
having, at the other end, a cooling-air outlet portion for
blowing the cooling air onto an outer peripheral surface of
the engine; and supporting leg members secured to the fan
cover and the engine, the supporting leg member being
mounted to a framework via shock-absorbing members.

In the engine generator unit of the present invention, the
electric-power generator is supported by the engine in a
cantilever fashion, so that both the stator and the rotor of the
generator will vibrate together with the engine during opera-
tion. Because the electric-power generator is fixed to the
framework via the engine and rugged fan cover secured to
the engine, it can be supported with sufficient firmness. Even
where the engine and fan cover are mounted with some
positional error therebetween, as is often the case with this
type of cngine generator unit, such error can be well
accommodated by a gap present between the inner surface of
the fan cover and the outer rotor.

Further, the fan cover is made of die-cast aluminum alloy
having a high thermal conductivity, and the cooling air
drawn in from the outside via the cooling fan continues to be
blown onto the inner surface of the fan cover. Because such
a fan cover is attached directly to the engine, the fan cover
can function as a very efficient heat radiator through which
the heat accumulated in the outer wall of the engine can be
efficiently radiated to the outside. As a result, the generator
and engine can be cooled with increased efficiency and the
oil temperature and the like in the engine, can be constantly
kept low.

In a preferred implementation of the present invention,
the fan cover has a plurality of axial slits formed in an end
surface of the cooling-air inlet portion, and the plurality of
axial slits of the fan cover and an end surface of the recoil
starter together constitute a plurality of air-sucking slits. The
plurality of axial slits can be formed with ease simulta-
neously with formation of the fan cover.

Preferably, the cooling fan device is a centrifugal cooling
fan device that forces the cooling air from the outside into
between the outer rotor and the fan cover so as to send the
cooling air to the engine and a vicinity thereof. The cooling
air forced into between the outer rotor and the fan cover can
also effectively cool the inner peripheral surface of the fan
cover.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain preferred embodiments of the present invention
will be described in greater detail with reference to the
accompanying sheets of drawings, in which:

FIG. 1 is a perspective view showing a general construc-
tion of an engine generator unit in accordance with a
preferred embodiment of the present invention;

FIG. 2 is a vertical sectional view taken along the 2—2
line of FIG. 1;

FIG. 3 is a parily-sectional front view of the engine-
operated generator unit shown in FIG. 1;

FIG. 4 is a perspective view showing a fan cover attached
directly to an engine shown in FIG. 1;

FIG. 5 is a vertical sectional view taken along the 5—5
line of FIG. 2;

FIG. 6 is an exploded perspective view showing a muffler
and a heat blocking cover in the preferred embodiment;
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FIG. 7 is a sectional top plan view of the engine generator
unit in accordance with the preferred embodiment of the
present invention, which particularly shows the engine and
generator;

FIG. 8 is a top plan view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 9 is a right side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 10 is a left side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 11 is a rear view of the engine generator unit in
accordance with the preferred embodiment of the present
invention,

FIG. 12 is a view explanatory of behavior of the inventive
engine generator unit; and

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description is merely exemplary in nature
and is in no way intended to limit the invention, its appli-
cation or uses.

FIG. 1 is a perspective view showing a general construc-
tion of an engine generator unit in accordance with a
préeferred embodiment of the present invention. As shown,
this generator unit 10 is an open-type engine generator unit
which includes a framework 11 that, in the illustrated
example, is generally formed into a hollow cubic shape and
composed of front and rear generally-square or rectangular
pipe-shaped frames 12 and 13. The generator unit 10 has a
control panel 20 fixed to the front frame in an upper hollow
region defined by the rectangular front frame, and an electric
power controller 30 is disposed in a lower hollow region
defined by the front frame. The engine generator unit 10 also
includes, within an inner space between the front and rear
frames 12 and 13, an engine 40, a fuel tank 90, an air cleaner
141, an electric power generator 50 (FIG. 2) and a muffler
102 (FIG. 2).

The rectangular front and rear frames 12 and 13 of the
framework 11 are interconnected by a pair of left and right
Jower beams 14 and 15 and a pair of left and right upper
beams 16 and 17 (the right upper beam 17 is not visible in
FIG. 1 and shown in FIG. 9). The rectangular front frame 12
consists of a pair of left and right vertical frame portions 124
and a pair of horizontal frame portions 12b, and similarly the
rectangular rear frame 13 consists of a pair of left and right
vertical frame portions 13a and a pair of horizontal frame
portions 13b. Thus, the framework 11 has the vertical frame
portions 124 and 134 at its four corners as viewed in plan.

On corresponding positions of the opposed upper hori-
zontal frame portions 12b and 13b, the framework 11
includes a pair of positioning supports 18 that are used when
another engine-operated generator unit (not shown) of the
same construction is to be superposed on the engine gen-
erator unit 10. More specifically, the positioning supports 18
are provided on the horizontal frame portions 126 and 13b
so that they can engage the other engine generator unit
against displacement in the front-rear and left-right direc-
tions.

The control panel 20 includes various electrical compo-
nents that constitute an engine control, an electric-power
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take-out section, etc. More specifically, on the control panel
20, there are provided an engine switch 21 for turning on an
engine ignition system, an ignition conlroller 22 for con-
trolling the engine ignition, a battery charger socket 23 for
charging an external battery, a first take-out socket 24 for
taking out a high-level A.C. current, and two second take-out
sockets 25 each for taking a current lower in level than that
taken out by the first take-out socket 24. Also provided on
the control panel 20 are a circuit breaker 26 for breaking the
electric circuit when the output current from any one of the
sackets 24 and 25 exceeds a predetermined threshold value,
and a frequency changing switch 27 for changing the
frequency of the output current from the sockets 24 and 25.
The electric power controller 30 converts the output fre-
quency of the generator 50 into a predetermined frequency
and may comprise, for example, a cycloconverter.

FIG. 2 is a vertical scctional view taken along the line
2—2 of FIG. 1, which shows the engine 40, generator 50,
fuel tank 90 and muffler 102 as viewed from the front of the
engine generator unit 10; note that only a lower end portion
of the framework 11 is shown in this figure for simplicity of
illustration.

Within the space surrounded by the framework 11, as seen
in FIG. 2, the engine 40 and generator 50 capable of being
driven by the engine 40 are positioned side by side in an
axial direction of an engine output shaft 41, and the fuel tank
90 and muffler 102 are disposed above the generator 50 and
engine 40. When the engine generator unit 10 is viewed from
its front as in FIG. 2, the engine 40 is located in the lower
right of the generator unit 10, the generator 50 located in the
lower left of the generator unit 10, the fuel tank 90 located
above the generator 50, and the muffler 102 located above
the engine 40 that has an overall height significantly reduced
by placing the engine cylinder in a downwardly tilted
posture with respect to a general vertical axis of the gen-
erator unit 10 as will be later described. The fuel tank 90 and
muffler 102 are placed substantially horizontally in a side-
by-side relation to each other. Because the fuel tank 90 and
muffler 102 are thus mounted side by side right above the
generator 50 and engine 40, the engine-operated generator
unit 10 can be constructed compactly into a generally-cubic
overall configuration, so that it can be appropriately installed
even in a relatively small space with its center of gravity
significantly lowered.

FIG. 3 is a partly-sectional front view of the engine-
operated generator unit 10 with principal components of the
generator unit 10 of FIG. 2 depicted on an enlarged scale. To
the framework 11 of the generator unit 10, there are fixed the
engine 40, the generator 50 operatively connected the engine
40, a centrifugal cooling fan device 60 disposed on one side
of the generator 50 opposite or remote from the engine 40
for introducing or sucking in outside air for cooling purposes
to be described later, a recoil starter 70 connected to the
cooling fan device 60 via a connecting cylinder 66, and a fan
cover 80 enclosing the generator 50 and cooling fan device
60. Outer rotor 54, cooling fan device 60 and recoil starter
70 are mounted coaxially relatively to the engine output
shaft 41.

The electric-power generator 50 in the preferred embodi-
ment is an outer-rotor type generator based on multipolar
magnets that are supported by the engine output shatt 41 in
a cantilever fashion. More specifically, the generator 50 is
made up of an inner stator 56 including a stator core 51 in
the form of axially-stacked rings fixed to a side wall of the
crankcase 42 and a plurality of coils 52 wound on the stator
core 51, the outer rotor 54 generally in the shape of a cup and
mounted on the engine output shaft 41 by means of a hub 53,
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and a plurality of magnets 55 secured to the inner surface of
the outer rotor 54.

The cup-shaped outer rotor 54 surrounds the inner stator
56 (i.c., the stator core 51 and coils 52) and has its one end
(cup bottom portion) coupled with the centrifugal cooling
fan device 60; thus, the centrifugal cooling fan device 60
having a relatively large diameter can be mounted reliably in
a simple manner. The large diameter of the centrifugal
cooling fan device 60 can suck in a sufficient amount of air
for cooling the engine 40 and generator 50.

The outer rotor 54 in the preferred embodiment also
functions as a cantilevered flywheel, which can eliminate a
need for a separate flywheel. Thus, the dimension of the
generator unit 10 in the axial direction of the engine output
shaft 41 can be reduced accordingly to permit downsizing of
the framework 11, so that the generator unit 10 can be
reduced in overall size. The cup-shaped outer rotor 54 also
has air holes 54a and 54b in the cup bottom portion and
cylindrical side wall.

Mounting accuracy of the fan cover 80 relative to the
engine output shaft 41 need not be very high because it only
has to enclose the outer-rotor-type generator 50 and the
cooling fan device 60 attached to the outer rotor 54.

The fan cover 80 is generally in the form of a cylinder
extending horizontally along the engine output shaft 41
close to the engine 40. Specifically, the fan cover 80 has a
cooling-air inlet portion 81 at its outer end remote from the
engine 40, through which the outside air is introduced into
the generator unit 10 by means of the cooling fan device 60
generally located inwardly of the cooling-air inlet portion
81. More specifically, the cooling-air inlet portion 81 has at
its outer end a plurality of parallel air sucking-in slits 82
extending along the longitudinal direction of the fan cover
80, and a recoil starter cover 71 is attached to the cooling-air
inlet portion 81 outwardly of the cooling-air inlet portion 81.

By means of the recoil starter cover 71, the recoil starter
70 supports a pulley 72 for rotation about an axis lying in
horizontal alignment with the engine output shaft 41 and
operatively comnects the pulley 72 with ithe cooling fan
device 60. The recoil starter cover 71 has a plurality of air
holes 71a.

At the other or inner end adjacent the engine 40, on the
other hand, the cooling fan cover 80 is secured to the engine
crankcase 42 by means of bolts 83 (only one of which is
shown in FIG. 3) while forming a cooling-air outlet portion
87 for blowing the cooling air onto the outer peripheral
surface of the engine 40.

FIG. 4 is a perspective view showing the cooling fan
cover 80 secured directly to the engine crankcasc 42. The
cooling fan cover 80 is made of die-cast aluminum alloy that
has a high thermal conductivity and thus achieves a superior
heat-radiating performance. By being made of such die-cast
aluminum alloy and directly secured to the engine 40, the

cooling fan cover 80 can function as a very cfficient heat s

radiator. Namely, the heat accumulated in the outer wall of
the engine crankcase 42 can be readily transferred, 1o the
directly-secured fan cover 80. This way, in the preferred
embodiment, the outer surface of the engine 40 and the
entire area of the cooling fan cover 80 can together provide
an increased heat-radiating surface for the engine 40. With
such an increase in the heat radiating surface, the engine 40
can be cooled with increased efficiency, as a result of which
the oil temperature and the like in the engine 40 can also be
kept low with efficiency.

Further, as shown in FIG. 4, a pair of supporting leg
members 43 (only one of which is visible here) are secured
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to opposite (front and rear) end portions of the underside of
the engine 40. Similarly, a pair of supporting leg portions 84
are secured to opposite ends of the underside of the cooling
fan cover 80. These supporting leg members 43 and 84 of the
engine 40 and cooling fan cover 80 arc placed transversely
on the above-mentioned left and right lower beams 14 and
15 and bolted to the beams 14 and 15 with shock absorbing
members (vibration-isolating mounts) 44 and 85 interposed
therebetween.

Because the cooling fan cover 80 made of the die-cast
aluminum alloy has relatively great rigidity and ruggedness
and such a rugged cooling fan cover 80 is firmly secured to
the engine 40 that is also rugged enough in general, the
engine generator unit 10 of the present invention can provide
a rugged assembly of the fan cover 80 and engine 40 which
can be reliably retained on the framework 11 with an
appropriate shock absorbing or cushioning capability.

Referring back to FIG. 2, at least part of the engine 40 is
covered with an engine shroud 111 with a relatively large
empty space 112 left therebetween, and the empty space 112
serves as an air passage through which air is allowed to pass
to cool the engine 40 (hereinafter referred to as an “engine-
cooling air passage” 112). Inlet portion 1124 to the interior
of the engine-cooling air passage 112 faces the cooling-air
outlet portion 87 of the fan cover 80.

The muffler 102 is covered or closed at least at its top end
portion with a heat blocking cover 121 which is a dual-cover
structure including an inner cover 123 covering the muffler
102 with a predetermined first gap 122 formed therebetween
and an outer cover 125 covering the outer surface of the
inner cover 123 with a predetermined second gap 124. The
inner cover 123 of the dual heat blocking cover structure 121
is generally in the shape of a halved cylinder opening
downward to cover an almost entire outer surface of the
muffler 102 except for a lower end surface of the muffler
102. The outer cover 125 is also generally in the shape of a
halved cylinder opening downward 1o cover an upper sus-
face of the inner cover 123.

The first gap 122 between the inner cover 123 and the
muffler 102 functions as a first cooling-air path, while the
second gap 124 between the inner cover 123 and the outer
cover 125 functions as a second cooling-air path. Thus, these
first and second cooling-air paths 122 and 124 together
constitute a divided muffler-cooling air passage 126 separate
from the engine-cooling air passage 112.

As further shown in FIG. 2, the engine shroud 111 has an
air guide 113 integrally formed thereon for diverting a
proportion of the cooling air from the engine-cooling air
passage 112 upwardly into the muffler-cooling air passage
126. With this air-diverting guide 113, the cooling air drawn
in from the outside via the cooling fan device 60 having
cooled the generator 50 is allowed to flow into both the
engine-cooling air passage 112 and the muffler-cooling air
passage 126, so that the engine 40 and muffler 102 can be
cooled by the same cooling air having cooled and passed the
upstream generator 50. Because the air guide 113 is used
only to divert a proportion of the cooling air within the
engine shroud 111, it can be of simple structure.

FIG. 5 is a vertical sectionpal view taken along the 5—5
line of FIG. 2, which shows the left side of the framework
11, engine 40 and muffler 102 and where illustration of the
generator 50 is omitted for simplicity. In the preferred
embodiment, as shown in FIG. 5, the engine 40 is con-
structed to have a lower profile, i.e., a smaller height, than
the conventional counterparts by tilting the cylinder 45,
cylinder head 46 and head cover 4, i.c., the Jongitudinal axis
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of the engine 40, rearwardly downward about the engine
output shaft 41 with respect to the general vertical axis of the
unit 10, so as to be located obliquely upward of the engine
output shaft 41.

As further shown in FIG. 5, the muffler 102 is connected
via an exhaust pipe 101 to an exhaust port of the engine 40.

As also seen from FIG. 5, the horizontal muffler 102
extends to cross the engine output shaft 41, substantially at
right angles thereto, above the engine cylinder 45, and is
secured to an engine bracket 48. More specifically, tilting the
cylinder 45 as above can lower the overall height or profile
of the engine 40 and leaves a relatively large empty space
above the thus-lowered cylinder 45. This relatively large
empty space is utilized to position the horizontal muftler 102
to cross the engine output shaft 41 substantially at right
angles thereto; this arrangement can furtber increase the
capacity of the muffler 102.

Further, an exhaust port (tailpipe) 103 is positioned to
extend in the same rearward direction as the cylinder 41
extends from the engine output shaft 41, and the control

15
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panel 20 is positioned on the front of the generator unit 10 .

remotely from the exhaust port 103, as denoted by phantom
line.

In the preferred embodiment thus arranged, the exhaust
from the muffler 102 is prevented from flowing toward the
control panel 20, which is therefore not thermally influenced
by the muffler exhaust and can be constantly maintained in
a suitable operating condition for a human operator to
appropriately manipulate the panel 20 as necessary.

The inner and outer covers 123 and 125 of the dual heat
blocking cover structure 121 are elongate covers spanning
between the front and rear frames 12 and 13 and secured to
the frames 12 and 13 with their opposite end flanges 1234
and 125a superposed on each other. Further, a front support
member 127 is provided between the vertical frame portions
12a0f the front frame 12 while a rear support member 128
is provided between the vertical frame portions 13a of the
rear frame 13. Two pairs of the superposed end flanges 1234
and 125a are bolted to the front and rear support members
127 and 128, respectively, by which the dual heat blocking
cover structure 121 is secured between the front and rear
frames 12 and 13 above the muffler 102.

FIG. 6 is an exploded perspective view showing the
muffler 102 and heat blocking cover 121 and is particularly
explanatory of a relationship between the muffler 102 and
the inner and outer covers 123, 125 in the preferred embodi-
ment. As shown, the inner cover 123 has an opening 1230 in
its rear wall to avoid mechanical interference with the
tailpipe 103 of the muffler 102. The muffler 102 also has an
exhaust inlet and a stay 105, and reference numeral 106 is
a bolt for insertion through the end flanges of the inner and
outer covers 123 and 125.

FIG. 7 is a sectional top plan view of the engine generator
unit 10 in accordance with the preferred embodiment of the
present invention, which particularly shows the engine 40
and generator 50 with the fuel tank 90, muffler 102 and
control panel 20 removed for clarity. As shown in the figure,
a set of the engine 40, gencrator 50, electric power controller
30, engine shroud 111, air cleaner 141 and carburetor 142 is
mounted snugly within a square space defined by the frame-
work 11, and the air guide 113 of the engine shroud 111 has
a generally U-shape opening toward the cooling fan cover
80 as viewed in top plan.

As viewed in top plan, the cooling fan cover 80 bulges
greatly along the engine cylinder 45, and thereby allows the
cooling air to be readily introduced into the space within the
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engine shroud 111. The cooling fan device 60 is a double-
side fan which includes a main fan 62 formed integrally on
the rear surface of a base 61 and an auxiliary fan 63 formed
integrally on the front surface of the base 61. The main fan
62 functions to direct the outside air, introduced through the
main cooling-air inlet portion 81, toward the engine 40,
while the auxiliary fan 63 functions to direct the outside air,
introduced through a plurality of auxiliary cooling-air inlets
133 and passed through the generator 50, toward the engine
40.

The cooling fan cover 80 has a predetermined gap 131
adjacent the engine 40 so that the gap 131 serves as the
auxiliary cooling-air inlets 133 for drawing in the outside air
to cool the interior of the generator 50. Namely, the gap 131
having a relatively large size is formed between one end of
the fan cover 80 and one side of the crankcase 52 remotely
from the engine cylinder 45, and this gap 131 is closed by
a plate 132 having the auxiliary cooling-air inlets 133
formed therein. The auxiliary air inlets 133 are formed in the
plate 132 inwardly of the outer rotor 54 so as to be close to
the center of the centrifugal cooling fan 60. Because the
central area of the centrifugal cooling fan 60 is subject to a
greater negative pressure, the outside air can be efficiently
sucked in through the auxiliary cooling-air inlets 133 located
close to the center of the cooling fan 60 and then directed
through the interior space of the generator 50 to the auxiliary
fan 63. The closing plate 132 bolted to the engine 40 and the
auxiliary cooling-air inlets 133 formed in the closing plate
132 are illustratively shown in FIG. 5. )

FIG. 8 is a top plan view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention. As shown, the muffler 102 is disposed adjacent
the fuel tank 90 in a side-by-side relation thereto and
covered at its top with the heat blocking cover 121. Further,
the fuel tank 90 and heat blocking cover 121 span horizon-
tally between and secured to the front and rear support
members 127 and 128, so that the entire top region of an
inner area defined by the pipe-shaped framework 11 is
substantially closed by the fuel tank 90 and heat blocking
cover 121. In this figure, reference numeral 91 represents an
oil filler hole, 92 an oil filler cap, and 93 an oil surface gauge.

FIG. 9 is a right side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that the muffler, 102 is
supported by the engine 40 via the above-mentioned exhaust
pipe 101 and stay 105 and that the cylinder 45 and cylinder
head 46 of the engine 40 are covered with a pair of upper and
lower engine shroud members 111.

FIG. 10 is a left side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that an actuating handle
73 of the recoil starter 70 is provided on a front left portion
of the engine generator unit 10 and the air cleaner 141 is
provided on a rear left portion of the unit 10.

Further, FIG. 11 is a rear view of the engine generator unit
10 in accordance with the preferred embodiments of the
present invention, which particularly shows that the muffler
102 is connected via the exhaust pipe 101 to the engine
cylinder head 46 and that the rear support member 128 is
bolted at its opposite ends to the vertical frame portions 13a
of the rear frame 13.

Now, a description will be madé about exemplary behav-
ior of the engine generator unit 10 constructed in the
above-mentioned manner, with particular reference to FIGS.
12 and 13.

FIG. 12 is a view explanatory of the behavior of the
inventive engine generator unit 10. Upon power-on, of the
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engine 40, the engine output shaft 41 causes the outer rotor
54 (o start rotating, by which electric power generation by
the generator 50 is initiated.

Simultaneously, the cooling fan device 60 is caused to
rotate with the outer rotor 54 functioning as a magnetic rotor,
so that the main fan 62 of the device 60 sucks in the outside

air W1 through the air holes 71a, 716 of the recoil starter

cover 71 and air sucking-in slits 82 of the fan cover 80. The
thus-introduced outside air W1 flows in the space enclosed
by the fan cover 80 and is discharged radially out of the
space by the centrifugal force of the main fan 62. Then, the
cooling air W1 flows through a cooling passage 86 to
thereby cool the generator 50 and fan cover 80, after which
it exits via the cooling-air outlet portion 87 of the fan cover
80. A proportion of the cooling air W1 from the cooling-air
outlet portion 87 then enters the space defined by the engine
shroud 111 and flows through the engine-cooling air passage
112 while cooling the outer surface of the engine 40, after
which it is discharged back to the outside. Because that
proportion of the cooling air W1 flowing through the engine-
cooling air passage 112 has just cooled and passed only the
generator 50 and thus is still at a relatively low temperature,
it can cool the engine 40 with sufficient efficiency. Further,
because the air sucking-in slits 82 are formed in the cooling-
air inlet portion 81 of the fan cover 80, a sufficient amount
of the outside air W1 can be introduced through these slits
82 into the engine generator unit 10 although the recoil
starter 70 is provided in the inlet portion 81.

The remaining portion of the cooling air W1 from the
cooling-air outlet portion 87, on the other hand, is diverted,
via the air guide 113, upwardly into the first and second
passageways 122 and 124 of the divided muffler-cooling air
passage 126. The air guide 113 provides for positive and
efficient diversion, and hence sufficient introduction, of the
cooling air W1 into the muffler-cooling air passage 126.

More specifically, the cooling air W1 diverted via the air
guide 113 flows in the first cooling-air path 122 of the
divided muffler-cooling air passage 126 along the inner
surface of the inner cover 123, to thereby cool the outer
surface of the muffler 102. The cooling air W1 diverted via
the air guide 113 also flows in the second cooling-air path
124 of the divided muffler-cooling air passage 126 along the
outer cover 125, to thereby cool the outer surface of the inner
cover 123. The cooling air W1 flowing through the second
cooling-air path 124 functions as a heat blocking air layer,
namely, an air curtain, that effectively blocks the heat
transfer from the inner cover 123,

In the preferred embodiment, the outer surface tempera-
ture of the outer cover 125 can be reduced sufficiently by the
cooling air W1 flowing through the two paths 122 and 124
of the divided mufller-cooling air passage 126 in the manner
as described above. Further, because the proportion of the
cooling air W1 flowing through the two cooling-air paths
122 and 124 has just cooled and passed only the generator
50 and thus is still at a relatively low temperature, it can cool
the muffler 102 with sufficient efficiency. The cooling air W1
having thus cooled and passed the muffler 102 is discharged
back to the outside.

Furthermore, the preferred embodiment can effectively
reduce undesired heat radiation from the muffler 102 to the
fuel tank 90, by closing the top and side portions of the
muffier 102 with the heat blocking cover 121. Also, the
cooling air W1 flowing between the fuel tank 90 and the
muffler 102 can form an air curtain blocking the heat transfer
between the two. Furthermore, with the cooling air W1
flowing through the muffler-cooling air passage 126, the
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outer surface temperature of the heat blocking cover 121 can
be kept low so that adverse thermal influences of the muffler
102 on the fuel tank 90 can be reliably avoided even where
the muffler 102 is located close to the fuel tank 90. Thus, in
the preferred embodiment of the present invention, the fuel
tank 90 and muffler 102 both having a great capacity can be
safely positioned very close to each other, and such a
great-capacity muffler 102 can reduce an undesired roar of
the engine exhaust to a significant degree.

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit 10. The auxiliary fan 63 of
the cooling fan device 60 operates to suck in the cooling air
from the outside through the auxiliary cooling air inlets 133
formed in the closing plate 132. The thus-introduced cooling
air W2 flows into the space defined by the outer rotor 54 to
cool the stator core 51 and coils 52 and then is directed,
through the air holes 54a formed in the bottom wall of the
outer rotor 54, onto the auxiliary fan 63. Then, the cooling
air W2 is discharged back to the outside by the centrifugal
force of the fan 63 and merges with the above-mentioned
cooling air W1 discharged via the main fan 62.

In summary, the present invention arranged in the above-
described manner affords various superior benefits as fol-
lows.

The engine generator unit in accordance with the present
invention is characterized primarily in that the electric-
power generator is supported by the engine in a cantilever
fashion so that both the stator and the rotor of the generator
will vibrate together with the engine during operation, and
that the generator is fixed to the framework via the engine
and rugged fan cover secured to the engine so that it can be
supported with sufficient firmness. Even where the engine
and fan cover are mounted with some positional error
therebetween, as is often the case with this type of engine
generator unit, such error can be well accommodated by a
gap present between the inner surface of the fan cover and
the outer rotor.

Further, the fan cover is made of die-cast aluminum alloy
having a high thermal conductivity, and the cooling air
drawn in from the outside via the cooling fan continues to be
blown onto the inner surface of the fan cover. Because such
a fan cover is attached directly to the engine, the heat
accumulated in the outer wall of the engine can be efficiently
radiated to the outside. As a result, the generator and engine
can be cooled with increased efficiency and the oil tempera-
ture and the like in the engine can be constantly kept low.

Further, with the arrangement that the fan cover has a
plurality of axial slits formed in an end surface of the
cooling-air inlet portion and the plurality of axial slits of the
fan cover and an end surface of the recoil starter together
constitute a plurality of air-sucking slits, the plurality of
axial slits can be formed with ease simultaneously with
formation of the fan cover.

Furthermore, with the arrangement that the cooling fan
device is a centrifugal cooling fan device that forces the
cooling air from the outside into between the outer rotor and
the fan cover so as to send the cooling air to the engine and
a vicinity thereof, the cooling air can effectively cool the
inner peripheral surface of the fan cover.

What is claimed is:

1. An engine generator unit comprising: an engine; an
electric-power generator driven by said engine, said engine
and said electric-power generator being provided coaxially
in a direction of an output shaft of the engine, said electric-
power generator being an outer-rotor/magnet type generator
having a cantilevered outer rotor functioning also as a
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substitute for a fly wheel of the engine; a cooling fan device
attached to said outer rotor; a fan cover covering said
electric-power generator and said cooling fan device, said
fan cover being generally in a cylindrical shape and made of
die-case aluminum alloy, said fan cover having, at a first end
thereof remote from said engine, a cooling-air inlet postion
for introducing cooling air from outside said engine genera-
for umit via said cooling fan device, a recoil starter being
attached to the cooling-air inlet portion, said fan cover being
directly attached at a second end thereof opposite the first
end to said engine so that the fan cover serves as a heat
radiating member for radiating heat produced by the engine
and having, at the second end, a cooling-air outlet portion for
blowing the cooling air onto an outer peripheral surface of
said engine; and supporting leg members secured to said fan
cover and said engine, said supporting leg members being
mounted to a frame via shock-absorbing members; wherein
the cooling fan device comprises a centrifugal cooling fan
device that forces the cooling air between the outer rotor and
the fan cover so as to send the cooling air to the outer
peripheral surface of the engine through the cooling-air
outlet portion.

2. An engine generator unit according to claim 1; wherein
the fan cover has a plurality of axial slits formed in an end
surface of the cooling-air inlet portion, and the plurality of
axial slits of said fan cover and an end surface of the recoil
starter together constitute a plurality of air-sucking slits.

3. An engine generator unit according to claim 1; wherein
the fan cover has an opening at the second end proximate the
engine, and the cooling fan device has a first rotary blade
member for drawing outside air into the inlet portion and
blowing the air out the outlet portion to cool the engine and
a second rotary blade member facing in a different direction
from the first rotary blade member for drawing outside air
into the opening and blowing the air onto the electric power
gencrator.

4. An enginé generator unit according to claim 1; wherein
the cooling fan device is provided proximate the inlet
portion of the fan cover and provided integrally with the
outer-rotor.

5. An engine generalor unit according to claim 1; wherein
the electric power generator is a multipolar generator having
a magpet rotor and a control circuit for converting an output
of the multipolar generator into an alternating current of a
predetermined frequency.

6. An engine generator unii according to claim 1; wherein
the engine has a cylinder inclined sideways obliquely and a
muffler disposed in a space above the cylinder.

7. An engine generator unit according to claim 6; further
comprising an engine shroud covering a portion of the
engine and having one end disposed proximate the outlet
portion of the fan cover so that air blown out of the outlet
portion of the fan cover passes between the engine shroud
and the engine to cool the engine, the engine shroud having
an air deflecting plate for deflecting a portion of the air
introduced from the outlet portion of the fan cover toward
the muffler.
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8. An engine generator unit according to claim 6; wherein
the muffler is substantially cylindrical and elongated in a
direction perpendicular 1o the output shafl of the engine.

9. An engine generator unit comprising: an engine; an
electric power generator driven by an output shaft of the
engine and coaxially arranged with respect to the output
shaft; a cooling fan unit driven by the electric power
generator; a fan cover covering the electric power generator
and the cooling fan device and having a gencrally cylindrical
shape, the fan cover having an air inlet portion for intro-
ducing external air at a first end remote from the engine, a
duct extending from the air inlet portion to an air outlet
portion at a second end of the fan cover proximate the engine
so that the cooling fan unit draws in external air through the
inlet portion and blows out air from the outlet portion onto
the engine; a recoil starter attached to the air inlet portion of
the fan cover; a muffler disposed above the engine and
supported by an exhaust pipe of the engine; and an engine
shroud covering a portion of the engine and having one end
disposed proximate the outlet portion of the fan cover so that
air blown out of the outlet portion passes into the engine
shroud to cool the engine, the engine shroud having an air
deflecting plate for deflecting a portion of the air introduced
from the outlet portion of the fan cover toward the muffler;
wherein the fan cover is formed of a die-cast aluminum alloy
and is directly attached at the sccond end thercof to the
engine so that the fan cover serves as a heat radiating
member for radiating heat produced by the engine.

10. An engine generator unit comprising: an engine; an
electric power generator driven by an output shaft of the
engine and coaxially arranged with respect to the output
shaft; a cooling fan unit driven by the electric power
generator; a fan cover covering the electric power generator
and the cooling fan device and having a generally cylindrical
shape, the fan cover having an air inlet portion for intro-
ducing external air at a first end remote from the engine, a
duct extending from the air inlet portion to an air outlet
portion at a second end of the fan cover proximate the engine
50 that the cooling fan unit draws in external air through the
inlet portion and blows out air from the outlet portion onto
the engine; a recoil starter attached to the air inlet portion of
the fan cover; a muffler disposed above the cngine and
supported by an exhaust pipe of the engine; and an engine
shroud covering a portion of the engine and having one end
disposed proximate the outlet portion of the fan cover so that
air blown out of the outlet portion passes into the engine
shroud to cool the engine, the engine shroud having an air
deflecting plate for deflecting a portion of the air introduced
from the outlet portion of the fan cover toward the muffler;
wherein the fan cover has an opening at the second end
proximate the engine, and the cooling fan unit has a first
rotary blade member for drawing outside air into the inlet
portion and blowing the air out the outlet portion to cool the
engine and a second rotary blade member facing in a
different direction from the first rotary blade member for
drawing outside air into the opening and blowing the air onto
the electric power generator.

® % * * *
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1
ENGINE GENERATOR UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an engine generator unit
mcluding an engine and an electric-power generator driven
by the engine.

2. Related Prior Art

Among general-purpose power supply devices suitable
for use outdoors is the so-called engine generator unit which
includes an engine and an electric-power generator driven
by the engine. During operation, the engine, generator and
muffier in the engine generator unit tend to become hot and
thus are normally cooled via a cooling fan device. Typical
examples of such an engine generator unit are shown in
Japanese Utility Model Publication Nos. HEI-3-6831 and
HEI-4-42494 and Japanese Patent Publication No. HEI-3-
79532.

In the engine generator unit disclosed in Japanese Utility
Model Publication No. HEI-3-6831, outside air is introduced
into a space defined by the engine shroud, by means of a
cooling fan device attached to the engine, in order to cool the
engine cylinder and its vicinity. The outside or cooling air
having cooled the engine cylinder is then passed through an
exhaust air guide and blown onto the muffler while cooling
an exhaust manifold, to thereby lower the temperature of the
muffier. On the other hand, the outside air is also introduced
into the generator by means of another cooling fan device
attached thercto in order to cool the interior of the generator.

The engine generator unit disclosed in the No. HEI-4-
42494 publication has a cooling fan device fixed to the
engine, via which outside air is introduced into first and
second cooling-air passages so that the engine cylinder is
cooled by the air passing through the first cooling-air
passage while the crankcase is cooled by the air passing
through the second cooling-air passage. The air having
cooled and passed the crankcase is then directed to cool the
muffler.

Further, in the engine generator unit disclosed in the No.
HEI-3-79532 publication, outside air is introduced, by
means of a cooling fan device fixed to the engine, 1o cool
both the engine and the generator, and the air having cooled
and passed the engine and generator is directed to an exhaust
air duct so as to cool the muffler provided within the exhaust
air duct.

However, the first-mentioned prior engine generator unit
disclosed in the No. HEI-3-6831 publication would require
a great amount of cooling air in order to effectively cool the
muffler because the muffler is cooled here by the cooling air
after having passed the engine and hence having got rela-
tively hot. Thus, arrangements must be made, in this unit, for
directing as much cooling air as possible to the muffler with
minimum leakage and for causing the cooling air to effi-
ciently contact the muffler over the entire outer surface
thereof. This is also the case with the second-mentioned
prior engine generator unit. Further, the last-mentioned prior
engine generator unit disclosed in the No. HEI-3-79532
publication would require a complicated cooling-air passage
structure because of the arrangement that a great amount of
the cooling air having passed the engine and generator is
collected together and then directed to flow through the
exhaust air duct.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide an improved engine generator unit which can cool
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the engine, generator and muffler with greatly increased
efficiency by use of simple structure.

To accomplish the above-mentioned object, the present
invention provides an engine generator unit which com-
prises: an engine; an electric-power generator to be driven
by the engine, the engine and the electric-power generator
being provided coaxially in a direction of an engine output
shaft; a fuel tank disposed above the cngine and electric-
power generator; a muffler connected to an exhaust-
discharging end of the engine and positioned above the
engine adjacent the fuel tank; a heat blocking cover covering
top and side portions of the muffler; a fan cover having a
generally cylindrical shape, the fan cover covering the
electric-power generator and extending close to the engine;
and a cooling fan device disposed in a cooling-air inlet
portion of the fan cover for introducing cooling air, from
outside the engine generator unit, to the electric-power
generator covered with the fan cover, an engine-cooling air
passage having a cooling-air inlet portion that faces a
cooling-air outlet portion of the fan cover being provided to
cool an outer surface of the engine by the cooling air flowing
out through the cooling-air outlet portion of the fan cover. In
this inventive engine generator unit, the engine-cooling air
passage is branched to provide a separate muffler-cooling air
passage extending between the muffler and the heat blocking
cover; thus, the cooling air introduced from the outside is
allowed to cool both the engine and the muffler after having
cooled the electric-power generator.

In the present invention, the cooling air introduced or
sucked in via the cooling fan device first cools the generator
within the fan cover, and then enters the engine-cooling air
passage to cool the outer surface of the engine. By the
engine-cooling air passage being branched upwardly to
provide the separate muffler-cooling air passage as men-
tioned above, a proportion of the cooling air flowing out of
the fan cover toward the engine-cooling air passage can be
positively diverted into the muffler-cooling air passage
between the muffler and the heat blocking cover and thereby
can effectively cool the outer surface of the muffler. Because
that proportion of the cooling air thus diverted into the
muffler-cooling air passage has just cooled and passed only
the electric-power generator and thus is still at a relatively
low temperature, it can cool the muffler with sufficient
efficiency. Namely, in the present invention, the cooling air
introduced from the outside is allowed to. first cool the
electric-power generator and then both the engine and the
muffler efficiently while still maintaining a low temperature.

In one preferred implementation, the engine-cooling air
passage is provided, between the engine and an engine
shroud covering at least a part of the engine, for passing
therethrough the cooling air having cooled the electric-
power generator, and the engine-cooling air passage is
branched into the muffler-cooling air passage by means of an
air guide provided on the engine shroud. Becaunse the
cooling air is directed to flow between the engine and the
engine shroud, the engine can be cooled even more effec-
tively. Further, with the air guide positively diverting a
proportion of the cooling air flowing out of the fan cover, the
cooling air can be directed into the muffler-cooling air
passage with increased efficiency. Such an air guide can be
of simple structure since it is only necessary for the air guide
to divert the proportion of the cooling air within the engine
shroud.

In a preferred embodiment of the present invention, the
heat blocking cover is a dual-cover structure that comprises
an inner cover covering the muffler with a predetermined
first gap left therebetween and an outer cover covering the
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mner cover with a predetermined second gap left therebe-
tween. The muffler-cooling air passage is made up of a first
cooling-air path provided by the first gap and a second
cooling-air path provided by the second gap and the second
cooling-air path extends between the inner cover and the
fuel tank. The diverted cooling air flows in the first cooling-
air path of the muffler-cooling air passage along the inner
surface of the inner cover, to thereby cool the outer surface
of the muffler. The diverted cooling air also flows in the
second cooling-air path of the muffler-cooling air passage
along the outer cover, to thereby cool the outer surface of the
inner cover. The cooling air flowing through the second
cooling-air path functions as a heat blocking air layer,
namely, an air curtain, that blocks the heat transfer from the
inger cover. By the diverted cooling air thus flowing through
the two cooling-air paths of the muffler-cooling air passage,
the outer surface temperature of the outer cover can be
lowered even further.

Furthermore, in one preferred embodiment of the present
invention, the engine, electric-power generator, fuel tank
and muffler are mounted together within a space defined by
a framework preferably in the shape of a pipe. Also, the
cylinder of the engine is mounted in a downwardly tilted
posture with respect to a general vertical axis of the engine
generator unit, and the fuel tank and the muffler are mounted
above the cylinder of the engine in such a way that respec-
tive longitudinal axes of the tank and the muffler lie sub-
stantially horizontally and cross the engine output shaft at
right angles thereto. Thus tilting the engine cylinder can
lower the overall height or profile of the engine and create
a relatively large empty space above the thus-lowered
engine cylinder within the space surrounded by the pipe-
shaped framework. The relatively large empty space can be
utilized to position the horizontal muffler to cross the engine
output shaft substantially at right angles thereto; this
arrangement can increase the capacity of the muffler and
thus significantly reduce an undesired roar of the engine
exhaust.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain preferred embodiments of the present invention
will be described in greater detail with reference to the
accompanying sheets of drawings, in which:

FIG. 1 is a perspective view showing a general consiruc-
tion of an engine generator unit in accordance with a
preferred embodiment of the present invention;

FIG. 2 is a vertical sectional view taken along the 2—2
line of FIG. 1;

FIG. 3 is a partly-sectional front view of the engine-
operated generator unit shown in FIG. 1;

FIG. 4 is a perspective view showing a fan cover attached
directly to an engine shown in FIG. 1;

FIG. 5 is a vertical sectional view taken along the 5—35
line of FIG. 2;

FIG. 6 is an exploded perspective view showing a muffler
and a heat blocking cover in the preferred embodiment;

FIG. 7 is a sectional top plan view of the engine generator
unit in accordance with the preferred embodiment of the
present invention, which particularly shows the engine and
generator;

FIG. 8 is a top plan view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 9 is a right side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;
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FIG. 10 is a left side view of the engine generator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 11 is a rear view of the engine gencrator unit in
accordance with the preferred embodiment of the present
invention;

FIG. 12 is a view explanatory of behavior of the inventive
engine generator umit; and

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description is merely exemplary in nature
and is in no way intended to limit the invention, its appli-
cation or uses.

FIG. 1 is a perspective view showing a general construc-
tion of an engine generator unit in accordance with a
preferred embodiment of the present invention. As shown,
this generator unit 10 is an open-type engine generator unit
which includes a framework 11 that, in the illustrated
example, is generally formed into a bollow cubic shape and
composed of front and rear generally-square or rectangular
pipe-shaped frames 12 and 13. The generator unit 10 has a
control panel 20 fixed to the front frame in an upper hollow
region defined by the rectangular front frame, and an electric
power controller 30 is disposed in a lower hollow region
defined by the front frame. The engine generator unit 10 also
includes, within an inner space between the front and rear
frames 12 and 13, an engine 40, a fuel tank 90, an air cleaner
141, an electric power generator 50 (FIG. 2) and a muffler
102 (FIG. 2).

The rectangular front and rear frames 12 and 13 of the
framework 11 are interconnected by a pair of left and right
lower beams 14 and 15 and a pair of left and right upper
beams 16 and 17 (the right upper beam 17 is not visible in
FIG. 1 and shown in FIG. 9). The rectangular front frame 12
consists of a pair of left and right vertical frame portions 12z
and a pair of horizontal frame portions 12b, and similarly the
rectangular rear frame 13 consists of a pair of left and right
vertical frame portions 13« and a pair of horizontal frame
portions 135. Thus, the framework 11 has the vertical frame
portions 12a and 13a at its four corners as viewed in plan.

On corresponding positions of the opposed upper hori-
zontal frame portions 12b and 13b, the framework 11
includes a pair of positioning supports 18 that are used when
another engine-operated generator unit (not shown) of the
same construction is to be superposed on the engine gen-
crator unit 10. More spccifically, the positioning supports 18
are provided on the horizontal frame portions 125 and 135
so that they can engage the other engine generator unit
against displacement in the front-rear and left-right direc-
tions.

The control panel 20 includes various electrical compo-
nents that constitute an engine control, an electric-power
take-out section, etc. More specifically, on the control panel
20, there are provided an engine switch 21 for turning on an
engine ignition system, an ignition controller 22 for con-
trolling the engine ignition, a battery charger socket 23 for
charging an external battery, a first take-out socket 24 for
taking out a high-level A.C. current, and two second take-out
sockets 25 each for taking a current lower in level than that
taken out by the first take-out socket 24. Also provided on
the control panel 20 are a circuit breaker 26 for breaking the
electric circuit when the output current from any one of the
sockets 24 and 25 exceeds a predetermined threshold value,

Cummins000300



P-17

US 6,331,740 Bl

5

and a frequency changing switch 27 for changing the
frequency of the output current from the sockets 24 and 25.
The electric power controller 30 converts the output fre-
quency of the generator 50 into a predetermined frequency
and may comprise, for example, a cycloconverter.

FIG. 2 is a vertical sectional view taken along the line
2—2 of FIG. 1, which shows the enginc 40, gencrator 50,
fucl tank 90 and muffler 102 as viewed from the front of the
engine generalor unit 10; note that only a lower end portion
of the framework 11 is shown in this figure for simplicity of
illustration.

Within the space surrounded by the framework 11, as seen
in FIG. 2; the engine 40 and generator 50 capable of being
driven by the engine 40 are positioned side by side in an
axial direction of an engine output shaft 41, and the fuel tank
90 and muffler 102 are disposed above the generator 50 and
engine 40. When the engine generator unit 10 is viewed from
its front as in FIG. 2, the engine 40 is located in the lower
right of the generator unit 10, the generator 50 located in the
lower left of the generator unit 10, the fuel tank 90 located
above the generator 50, and the muffler 102 located above
the engine 40 that has an overall height significantly reduced
by placing the engine cylinder in a downwardly tilted
posture with respect to a general vertical axis of the gen-

“erator unit 10 as will be later described. The fuel tank 90 and
muffler 102 are placed substantially horizontally in a side-
by-side relation to each other. Because the fuel tank 90 and
muffler 102 are thus mounted side by side right above the
generator 50 and engine 40, the engine-operated generator
unit 10 can be constructed compactly into a generally-cubic
overall configuration, so that it can be appropriately installed
even in a relatively small space with its center of gravity
significantly lowered.

FIG. 3 is a partly-sectional front view of the engine-
operated generator unit 10 with principal components of the
generator unit 10 of FIG. 2 depicted on an enlarged scale. To
the framework 11 of the generator unit 10, there are fixed the
engine 40, the generator 50 operatively connected the engine
40, a centrifugal cooling fan device 60 disposed on one side
of the generator 50 remote from the engine 40 for introduc-
ing or sucking in outside air for cooling purposes to be
described later, a recoil starter 70 connected to the cooling
fan device 60 via a connecting cylinder 66, and a fan cover
80 enclosing the generator 50 and cooling fan device 60.
Outer rotor 54, cooling fan device 60 and recoil starter 70 are
mounted coaxially relatively to the engine output shaft 41.

The electric-power generator 50 in the preferred embodi-
ment is an outer-rotor-type generator based on multipolar
magnets that are supported by the engine output shaft 41 in

a cantilever fashion. More specifically, the generator 50 is 4

made up of an inner stator 56 including a stator core 51 in
the form of axially-stacked rings fixed to a side wall of the
crankcase 42 and a plurality of coils wound on the stator
core 51, the outer rotor 54 generally in the shape of a cup and

 mounted on the engine output shaft 41 by means of a hub 53, -

and a plurality of magnets 55 secured to the inner surface of
the outer rotor 54.

The cup-shaped outer rotor 54 surrounds the inner stator
56 (i.c., the stator core 51 and coils 52) and has its one end
(cup bottom portion) coupled with the centrifugal cooling
fan device 60; thus, the centrifugal cooling fan device 60

having a relatively large diameter can be mounted reliably in-

a simple manner. The large diameter of the centrifugal
cooling fan device 60 can suck in a sufficient amount of air
for cooling the engine 40 and generator 50.

The outer rotor 54 in the preferred embodiment also
functions as a cantilevered flywheel, which can eliminate a
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need for a separate flywheel. Thus, the dimension of the
generator unit 10 in the axial direction of the engine output
shaft 41 can be reduced accordingly to permit downsizing of
the framework 11, so that the generator unit 10 can be
reduced in overall size. The cup-shaped outer rotor 54 also
has air holes 54z and 54b in the cup bottom portion and
cylindrical side wall.

Mounting accuracy of the fan cover 80 relative to the
engine output shaft 41 need not be very high because it only
has to enclose the outer-rotor-type generator 50 and the
cooling fan device 60 attached to the outer rotor 54.

The fan cover 80 is generally in the form of a cylinder
extending horizontally along the engine output shaft 41
close to the engine 40. Specifically, the fan cover 80 has a
cooling-air inlet portion 81 at its outer end remote from the
engine 40, through which the outside air is introduced into
the generator unit 10 by means of the cooling fan device 60
generally located inwardly of the cooling-air inlet portion
81. More specifically, the cooling-air intet portion 81 has at
its outer end a plurality of parallel air sucking-in slits 82
extending along the longitudinal direction of the fan cover
80, and a recoil starter cover 71 is attached to the cooling-air
inlet portion 81 outwardly of the cooling-air inlet portion 81.

By means of the recoil starter cover 71, the recoil starter
70 supports a pulley 72 for rotation about an axis lying in
horizontal alignment with the engine outputs haft 41 and
operatively connects the pulley 72 with the cooling fan
device 60. The recoil starter cover 71 has a plurality of air
holes 71a. ’

At the other or inner end adjacent the engine 40, on the
other haad, the cooling fan cover 80 is secured to the engine
crankcase 42 by means of bolts 83 (only one of which is
shown in FIG. 3) while forming a cooling-air outlet portion
87 for blowing the cooling air onto the outer peripheral
surface of the engine 40.

FIG. 4 is a perspective view showing the cooling fan
cover 80 secured directly to the engine crankcase 42. The
cooling fan cover 80 is made of die-cast aluminum alloy that
has a high thermal conductivity and thus achieves a superior
heat-radiating performance. By being made of such die-cast
aluminum alloy and directly secured to the engine 40, the
cooling fan cover 80 can function as a very efficient heat
radiator. Namely, the heat accumulated in the outer wall of
the engine crankcase 42 can be readily transferred to the
directly-secured fan cover 80. This way, in the preferred
embodiment, the outer surface of the engine 40 and the
entire area of the cooling fan cover 80 can together provide
an increased heat-radiating surface for the engine 40. With
such an increase in the heat radiating surface, the engine 40
can be cooled with increased efficiency, as a result of which
the oil temperature and the like in the engine 40 can also be
kept low with efficiency.

Further, as shown in FIG. 4, a pair of supporting leg
members 43 (only one of which is visible here) are secured
to opposite (front and rear) end portions of the underside of
the engine 40. Similarly, a pair of supporting leg portions 84
are secured to opposite ends of the underside of the cooling
fan cover 80. These supporting leg members 43 and 84 of the
engine 40 and cooling fan cover 80 are placed transversely
on the above-mentioned left and right lower beams 14 and
15 and bolted to the beams 14 and 15 with shock absorbing
members (vibration-isolating mounts) 44 and 85 interposed
therebetween.

Because the cooling fan cover 80 made of the die-cast
aluminum alloy has relatively great rigidity and such a rigid
cooling fan cover 80 is firmly secured to the engine 40 that
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1s also rigid enough in general, the engine generator unit 10
of the present invention can provide a rugged assembly of
the fan cover 80 and engine 40 which can be reliably
retained on the framework 11 with an appropriate shock
absorbing or cushioning capability.

Referring back to FIG. 2, at least part of the engine 40 is

covered with an engine shroud 111 with a relatively large
empty space 112 left therebetween, and the empty space 112
serves as an air passage through which air is allowed to pass
to cool the engine 40 (hereinafter referred to as an “engine-
cooling air passage” 112). Inlet portion 112a to the interior
of the engine-cooling air passage 112 faces the cooling-air
outlet portion 87 of the fan cover 80.

The muffler 102 is covered or closed at least at its top end
portion with a heat blocking cover 121 which is a dual-cover
structure including an inner cover 123 covering the muffler
102 with a predetermined first gap 122 formed therebetween
and an outer cover 125 covering the outer surface of the
inner cover 123 with a predetermined second gap 124. The
inner cover 123 of the dual heat blocking cover structure 121
is generally in the shape of a halved cylinder opening
downward to cover an almost entire outer surface of the
muffler 102 except for a lower end surface of the muffler
102. The outer cover 125 is also geperally in the shape of a
halved cylinder opening downward to cover an upper sur-
face of the inner cover 123.

The first gap 122 between the inner cover 123 and the
muffler 102 functions as a first cooling-air path, while the
second gap 124 between the inner cover 123 and the outer
cover 125 functions as a second cooling-air path. Thus, these
first and second cooling-air paths 122 and 124 together
constitute a divided muffler-cooling air passage 126 separate
from the engine-cooling air passage 112.

As further shown in FIG. 2, the engine shroud 111 has an
air guide 113 integrally formed thereon for diverting a
proportion of the cooling air from the engine-cooling air
passage 112 upwardly into the muffler-cooling air passage
126. With this air-diverting guide 113, the cooling air drawn
in from the outside via the cooling fan device 60 having
cooled the generator 50 is allowed to flow into both the
engine-cooling air passage 112 and the muffler-cooling air
passage 126, so that the engine 40 and muffler 102 can be
cooled by the same cooling air having cooled and passed the
upstream generator 50. Because the air guide 113 is used
only to divert a proportion of the cooling air within the
engine shroud 111, it can be of simple structure.

FIG. 5 is a vertical sectional view taken along the 5—5
line of FIG. 2, which shows the left side of the framework
11, engine 40 and mutffler 102 and where illustration of the
generator 50 is omitted for simplicity. In the preferred
embodiment, as shown in FIG. 5, the engine 40 is con-
structed to have a lower profile, i.e., a smaller height, than
the conventional counterparts by tilting the cylinder 45,
cylinder head 46 and head cover 57, i.c., the longitudinal
axis of the engine 40, rcarwardly downward about the
engine output shaft 41 with respect to the general vertical
axis of the unit 10, so as to be located obliquely upward of
the engine output shaft 41.

As further shown in FIG. 5, the muffler 102 is connected
via an exhaust pipe 101 to an exhaust port of the engine 40.

As also seen from FIG. 3, the horizontal muffler 102
extends to cross the engine output shaft 41, substantially at
right angles thereto, above the engine cylinder 45 and is
secured to an engine bracket 48. More specifically, tilting the
cylinder 45 as above can lower the overall height or profile
of the engine 40 and leaves a relatively large empty space
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above the thus-lowered cylinder 45. This relatively large
empty space is utilized to position the horizontal muffler 102
to cross the engine output shaft 41 substantially at right
angles thereto; this arrangement can further increase the
capacity of the muffler 102. '

Further, an exhaust port (tailpipe) 103 is positioned to
extend in the same rearward direction as the cylinder 41
extends from the engine output shaft 41, and the control
panel 20 is positioned on the front of the generator unit 10
remotely from the exhaust port 103, as denoted by phantom
line.

In the preferred embodiment thus arranged, the exhaust
from the muffler 102 is prevented from flowing toward the
control panel 20, which is therefore not thermally influenced
by the muffler exhaust and can be constantly maintained in
a suitable operating condition for a human operator to
appropriately manipulate the panet 20 as necessary.

The inner and outer covers 123 and 125 of the dual heat
blocking cover structure 121 are elongate covers spanning
between the front and rear frames 12 and 13 and secured to
the frames 12 and 13 with their opposite end flanges 123a
and 1254 superposed on each other. Further, a front support
member 127 is provided between the vertical frame portions
124 of the front frame 12 while a rear support member 128
is provided between the vertical frame portions 134 of the
rear frame 13. Two pairs of the superposed end flanges 1234
and 125a are bolted to the front and rear support members
127 and 128, respectively, by which the dual heat blocking
cover structure 121 is secured between the front and rear
frames 12 and 13 above the muffler 102.

FIG. 6 is an exploded perspective view showing the
muffler 102 and heat blocking cover 121 and is particularly
explanatory of a relationship between the muffler 102 and
the inner and outer covers 123, 125 in the preferred embodi-
ment. As shown, the inner cover 123 has an opening 1230 in
its rear wall to avoid mechanical interference with the
tailpipe 103 of the muffler 102. The muffler 102 also has an
exhaust inlet and a stay 105, and reference numeral 106 is
a bolt for insertion through the end flanges of the inner and
outer covers 123 and 125.

FIG. 7 is a sectional top plan view of the engine generator
unit 10 in accordance with the preferred embodiment of the
present invention, which particularly shows the engine 40
and generator 50 with the fuel tank 90, muffler 102 and
control panel 20 removed for clarity. As shown in the figure,
a set of the engine 40, generator 50, electric power controller
30, engine shroud 111, air cleaner 141 and carburetor 142 is
mounted snugly within a square space defined by the frame-
work 11, and the air guide 113 of the engine shroud 111 has
a generally U-shape opening toward the cooling fan cover
80 as viewed in top plan. .

As viewed in top plan, the cooling fan cover 80 bulges
greatly along the engine cylinder 45, and thereby allows the
cooling air to be readily introduced into the space within the
engine shroud 111. The cooling fan device 60 is a double-
side fan which includes a main fan 62 formed integrally on
the rear surface of a base 61 and an auxiliary fan 63 formed
integrally on the front surface of the base 61. The main fan
62 functions to direct the outside air, introduced through the
main cooling-air inlet portion 81, toward the engine 40,
while the auxiliary fan 63 functions to direct the outside air,
introduced through a plurality of auxiliary cooling-air inlets
133 and passed through the generator 50, toward the engine
40.

The cooling fan cover 80 has a predetermined gap 131
adjacent the engine 40 so that the gap 131 serves as the
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auxiliary cooling-air inlets 133 for drawing in the outside air
to cool the interior of the generator 50. Namely, the gap 131
having a relatively large size is formed between one end of
the tan cover 80 and one side of the crankcase 52 remotely
from the engine cylinder 45, and this gap 131 is closed by
a plate 132 having the auxiliary cooling-air inlets 133
formed therein. The auxiliary air inlets 133 are formed in the
plate 132 inwardly of the outer rotor 54 so as to be close to
the center of the centrifugal cooling fan 60. Because the
central area of the centrifugal cooling fan 60 is subject to a
greater negative pressure, the outside air can be efficiently
sucked in through the auxiliary cooling-air inlets 133 located
close to the center of the cooling fan 60 and then directed
through the interior space of the generator 50 to the auxiliary
fan 63. The closing plate 132 bolted to the engine 40 and the
auxiliary cooling-air inlets 133 formed in the closing plate
132 are illustratively shown in FIG. 5.

FIG. 8 is a top plan view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention. As shown, the muffler 102 is disposed adjacent
the fuel tank 90 in a side-by-side relation thereto and
covered at its top with the heat blocking cover 121. Further,
the fuel tank 90 and heat blocking cover 121 span horizon-
tally between and secured to the front and rear support
members 127 and 128, so that the entire top region of an
iper area defined by the pipe-shaped framework 11 is
substantially closed by the fuel tank 90 and heat blocking
cover 121. In this figure, reference numeral 91 represents an
oil filler hole, 92 an oil filler cap, and 93 an oil surface gauge.

FIG. 9 is a right side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that the muffler 102 is
supported by the engine 40 via the above-mentioned exhaust
pipe 101 and stay 105 and that the cylinder 45 and cylinder
head 46 of the engine 40 are covered with a pair of upper and
lower engine shroud members 111.

FIG. 10 is a left side view of the engine generator unit 10
in accordance with the preferred embodiment of the present
invention, which particularly shows that an actuating handle
73 of the recoil starter 70 is provided on a front left portion
of the engine generator unit 10 and the air cleaner 141 is
provided on a rear left portion of the unit 10.

Further, FIG. 11 is a rear view of the engine generator unit
10 in accordance with the preferred embodiment of the
present invention, which particularly shows that the muffler
102 is connected via the exhaust pipe 101 to the engine
cylinder head 46 and that the rear support member 128 is
bolted at its opposite ends to the vertical frame portions 13«
of the rear frame 13.

Now, a description will be made about exemplary behav-
ior of the engine generator unit 10 constructed in the
above-mentioned manner, with particular reference to FIGS.
12 and 13.

FIG. 12 is a view explanatory of the behavior of the
inventive engine generator unit 10. Upon power-on of the
engine 40, the engine output shaft 41 causes the outer rotor
54 to start rotating, by which electric power generation by
the generator 50 is initiated.

Simultaneously, the cooling fan device 60 is caused to
rotate with the outer rotor 54 functioning as a magnetic rotor,
so that the main fan 62 of the device 60 sucks in the outside
air W1 through the air holes 71a, 71b of the recoil starter
cover 71 and air sucking-in stits 82 of the fan cover 80. The
thus-introduced outside air W1 flows in the space enclosed
by the fan cover 80 and is discharged radially out of the
space by the centrifugal force of the main fan 62. Then, the
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cooling air W1 flows through a cooling passage 86 to
thereby cool the generator 50 and fan cover 80, after which
it exits via the cooling-air outlet portion 87 of the fan cover
80. A proportion of the cooling air W1 from the cooling-air
outlet portion 87 then enters the space defined by the engine
shroud 111 and flows through the engine-cooling air passage
112 while cooling the outer surface of the engine 40, after
which it is discharged back to the outside. Because that
proportion of the cooling air W1 flowing through the engine-
cooling air passage 112 has just cooled and passed only the
generator 50 and thus is still at a relatively low temperature,
it can cool the engine 40 with sufficient efficiency. Further,
because the air sucking-in slits 82 are formed in the cooling-
air inlet portion 81 of the fan cover 80, a sufficient amount
of the outside air W1 can be introduced through these slits

82 into the engine generator unit 10 although the recoil

starter 70 is provided in the inlet portion 81.

The remaining portion of the cooling air W1 from the
cooling-air outlet portion 87, on the other hand, is diverted,
via the air guide 113, upwardly into the first and second
passageways 122 and 124 of the divided muffler-cooling air
passage 126. The air guide 113 provides for positive and
efficient diversion, and hence sufficient introduction, of the
cooling air W1 into the muffler-cooling air passage 126.

More specifically, the cooling air W1 diverted via the air
guide 113 flows in the first cooling-air path 122 of the
divided muffler-cooling air passage 126 along the inner
surface of the inner cover 123, to thereby cool the outer
surface of the muffler 102. The cooling air W1 diverted via
the air guide 113 also flows in the second cooling-air path
124 of the divided muffler-cooling air passage 126 along the
outer cover 125, to thereby cool the outer surface of the inner
cover 123. The cooling air W1 flowing through the second
cooling-air path 124 functions as a heat blocking air layer,
namely, an air curtain, that effectively blocks the heat
transfer from the inner cover 123.

In the preferred embodiment, the outer surface tempera-
ture of the outer cover 125 can be reduced sufficiently by the
cooling ‘air W1 flowing through the two paths 122 and 124
of the divided muffler-cooling air passage 126 in the manner
as described above. Further, because the proportion of the
cooling air W1 flowing through the two cooling-air paths
122 and 124 has just cooled and passed only the generator
50 and thus is still at a relatively low temperature, it can cool
the muffler 102 with sufficient efficiency. The cooling air W1
having thus cooled and passed the muffler 102 is discharged
back to the outside.

Furthermore, the preferred embodiment can effectively
reduce undesired heat radiation from the muffler 102 to the
fuel tank 90, by closing the top and side portions of the
muffler 102 with the heat blocking cover 121. Also, the
cooling air W1 flowing between the fuel tank 90 and the
muffler 102 can form an air curtain blocking the heat transfer
between the two. Furthermore, with the cooling air W1
flowing through the muffler-cooling air passage 126, the
outer surface temperature of the heat blocking cover 121 can
be kept low so that adverse thermal influences of the muffler
102 on the fuel tank 90 can be reliably avoided even where
the muiffler 102 is located close to the fuel tank 90. Thus, in
the preferred embodiment of the present invention, the fuel
tank 90 and muffler 102 both having a great capacity can be
safely positioned very close to each other, and such a
great-capacity muffler 102 can reduce an undesired roar of
the engine exhaust to a significant degree.

FIG. 13 is also a view explanatory of the behavior of the
inventive engine generator unit 10. The auxiliary fan 63 of
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the cooling fan device 60 operates to suck in the cooling air
from the outside through the auxiliary cooling air inlets 133
formed in the closing plate 132. The thus-introduced cooling
air W2 flows into the space defined by the outer rotor 54 to
cool the stator core 51 and coils 52 and then is directed,
through the air holes 54a formed in the bottom wall of the
outer rotor 54, onto the auxiliary fan 63. Then, the cooling
air W2 is discharged back to the outside by the centrifugal
force of the fan 63 and merges with the above-mentioned
cooling air W1 discharged via the main fan 62.

In summary, the present invention arranged in the above-
described manner affords various superior benefits as fol-
lows.

The engine generator unit in accordance with the present
invention is characterized primarily in that the engine-
cooling air passage is branched 1o provide the separate
muffler-cooling air passage extending between the muffler
and the heat blocking cover so that the cooling air introduced
from the outside is allowed to cool both the engine and the
muftler after having cooled the electric-power generator. The
cooling air introduced or sucked in via the cooling fan first
cools the generator within the fan cover, and then enters the
engine-cooling air passage to cool the outer surface of the
engine. With the arrangement that the engine-cooling air
passage is branched upwardly to provide the separate
mufller-cooling air passage, a proportion of the cooling air
flowing out of the fan cover toward the engine-cooling air
passage can be positively diverted into the muffler-cooling
air passage extending between the muffler and the heat
blocking cover and thereby can effectively cool the muffler.
Because the proportion of the cooling air thus directed into
the muffler-cooling air passage has just cooled and passed
only the electric-power generator and thus is still relatively
cool, it can cool the muffler with sufficient efficiency.
Namely, the cooling air infroduced from the outside is
allowed to first cool the electric-power generator and then
both the engine and the muffler efficiently while still main-
taining a low temperature. Thus, with the arrangement that
the engine-cooling air passage is branched to provide the
muffler-cooling air passage between the muffler and the heat
blocking cover, the engine, generator and muffler can be
cooled with sufficient efficiency using a very simple struc-
ture.

Further, with the diverted cooling air flowing through the
muffler-cooling air passage, the outer surface temperature of
the heat blocking cover can be kept low so that adverse
thermal influences of the muffler on the fuel tank can be
reliably avoided even where the muffler is located close to
the fuel tank. Thus, in the present invention, the fuel tank
and muffler both having a great capacity can be safely
positioned very close to each other, and such a great-
capacity muffler can reduce the undesired roar of the engine
exhaust to a significant degree.

Because the cooling air is directed to flow through the
engine-cooling air passage between the engine and the
engine shroud, the engine can be cooled even more effec-
tively. Further, with the air guide positively diverting a
proportion of the cooling air flowing out of the fan cover, the
cooling air can be directed inio the muffler-cooling air
passage with increased efficiency; such an air guide can be
of simple structure since it is only necessary for the air guide
to perform the function of diverting the proportion of the
cooling air within the engine shroud.
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Furthermore, by constructing the heat blocking cover as a
dual-cover structure that comprises an inner cover covering
the muffler with a predetermined first gap left therebetween
and an outer cover covering the inner cover with a prede-
termined second gap left therebetween, and by employing
the muffler-cooling air passage that is made up of a first
cooling-air path provided by the first gap and a second
cooling-air path provided by the second gap and the second
cooling-air path extends between the inner cover and the
fuel tank, the diverted cooling air can flow in the first
cooling-air path of the muffler-cooling air passage along the
inner surface of the inner cover, to thereby cool the outer
surface of the muffler. The diverted cooling air also can flow
in the second cooling-air path of the muffler-cooling air
passage along the outer cover, to thereby cool the outer
surface of the inner cover. The cooling air flowing through
the second cooling-air path functions as a heat blocking air
layer or air curtain that blocks the heat transfer from the
inner cover. By the diverted cooling air thus lowing through
the two cooling-air paths of the muffler-cooling air passage,
the outer surface temperature of the outer cover can be
lowered even more effectively.

Furthermore, according to the present invention, the
engine, electric-power generator, fuel tank and muffler are
mounted together within a space defined by a framework
preferably in the shape of a pipe and the cylinder of the
engine is held in a downwardly tilted posture with respect to
the general vertical axis of the engine generator unit, the fuel
tank and the muffler is mounted above the cylinder of the
engine such that the respective longitudinal axes of the tank
and the muffler lie substantially horizontally and cross the
engine output shaft at right angles thereto. By thus tilting the
engine cylinder, the overall height or profile of the engine
can be significantly lowered, which leaves a relatively large
empty space above the thus-lowered engine cylinder within
the space surrounded by the pipe-shaped framework. The
relatively large empty space can be utilized to position the
horizontal muffler substantially at right angles to the engine
output shaft, with the result that the capacity of the muffler
can be increased and the increased muffier can significantly
reduce the roar of the engine exhaust. Besides, the engine,
clectric-power generator, fuel tank and muffler can be
mounted together snugly within the limited space sur-
rounded by the framework.

Obviously, various minor changes and modification of the
present invention are possible in the light of the above
teaching. It is therefore to be understood that within the
scope of the appended claims the invention may be practiced
otherwise than as specifically described.

What is claimed is:

1. An engine generator unit comprising:

an engine;

an electric-power generator to be driven by said engine,

said engine and said electric-power generator being
provided coaxially in a direction of an engine output
shaft;

a fuel tank disposed above said engine and electric-power

generator;

a muffler connected to an exhaust-discharging end of said

engine and positioned above said engine adjacent said
fuel tank;
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a heat blocking cover covering top and side portions of
said muffler;

a fan cover having a generally cylindrical shape, said fan
cover covering said electric-power generator and
extending close to said engine; and

a cooling fan device disposed in a cooling-air inlet portion
of said fan cover for introducing cooling air, from
outside said engine generator unit, to said electric-
power generator covered with said fan cover, an
engine-cooling air passage having a cooling-air inlet
portion that faces a cooling-air outlet portion of said fan
cover being provided to cool an outer surface of said
engine by the cooling air flowing out through the
cooling-air outlet portion of said fan cover,

said engine-cooling air passage being branched to provide
a muffler-cooling air passage extending between said
muffler and said heat blocking cover,

whereby the cooling air is allowed to cool both said
engine and said muffler after having cooled said
electric-power generator.

2. An engine generator unit as claimed in claim 1 where
said engine-cooling air passage is provided, between said
engine and an engine shroud covering at least a part of said
engine, for passing therethrough the cooling air having
cooled said electric-power generator, and wherein said
engine-cooling air passage is branched into said muffler-
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cooling air passage by means of an air guide provided on
said engine shroud.

3. An engine generator unit as claimed in claim 1 wherein
said heat blocking cover is a dual-cover structure that
comprises an inner cover covering said muffler with a
predetermined first gap left therebetween and an outer cover
covering said inner cover with a predetermined second gap
left therebetween, and wherein said muffler-cooling air
passage is made up of a first cooling-air path provided by
said first gap and a second cooling-air path provided by said
second gap and said second cooling-air path extends
between said inner cover and said fuel tank.

4. An engine generator unit as claimed in claim 1 wherein
said engine, electric-power generator, fuel tank and muffler
are mounted within a space defined by a pipe-shaped
framework, and wherein a cylinder of said engine is
mounted in a downwardly tilted posture with respect to a
general vertical axis of said engine generator unit, said fuel
tank and said muffler are mounted above the cylinder of said
engine in such a way that respective longitudinal axes of said
fuel tank and said muffler lie substantially horizontally and
cross the engine output shaft at right angles thereto.
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between opposite sides of the bearing support member and
is mounted on the case main body.

5 Claims, 2 Drawing Sheets
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1
GENERAL PURPOSE ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a general purpose engine
in which a case main body, which is a principal part of a
crankcase, is integrally formed with a cylinder block, a
crankshaft having a plurality of crank webs is rotatably
supported via bearings in the case main body and a bearing
support member mounted on the case main body, and a drive
transmission wheel housed within the crankcase so as to
transmit rotational power to a valve operating mechanism is
fixedly provided on the crankshaft so as to be outside the
crank web that, among the crank webs, is at one end in the
axial direction.

2. Description of the Related Art

A general purpose engine in which a crankcase is formed
from a case main body and a cover joined to the case main
body, and the cover is used as a bearing support member, is
already known from, for example, Japanese Patent Appli-
cation Laid-open No. 2001-329910.

However, in this conventional arrangement, the cover (the
bearing support member) is disposed outside a drive trans-
mission wheel fixedly provided on a crankshaft so as to be
outside a crank web that is at one end in the axial direction.
Consequently, the distance between a crankpin and the cover
is comparatively long, and thus the rigidity with which the
crankshaft is supported is comparatively low. As a result of
a load acting on the crankshaft in a direction perpendicular
to the axial direction during a combustion stroke, etc., a
comparatively large knocking sound is generated in a gap
between the crankshaft and a bearing supported by the
bearing support member.

In order to solve this problem, it is conceivable that the
bearing support member, which is a separate member from
the crankcase, is mounted on the case main body inside the
cover, and the distance between the crankpin and the bearing
support member is made comparatively short, to thereby
enhance the rigidity with which the crankshaft is supported.
However, when the interior of the crankcase is divided into
two by means of the bearing support member, the amount of
oil that can be held within the crankcase becomes small,
leading to a possibility that the continuous operation time
might be reduced. If an attempt is made to ensure a sufficient
amount of oil, the dimensions of the crankcase, and conse-
quently those of the general purpose engine become too
large.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
above-mentioned circumstances, and it is an object thereof
to provide a general purpose engine that can hold a sufficient
amount of oil within a crankcase while avoiding any
increase in dimensions, enhance the rigidity with which a
crankshaft is supported, and suppress the gencration of a
knocking sound.

In order to accomplish this object, the present invention
provides a general purpose engine in which a case main
body, which is a principal part of a crankcase, is integrally
formed with a cylinder block, a crankshaft having a plurality
of crank webs is rotatably supported via bearings in the case
main body and a bearing support member mounted on the
case main body, and a drive transmission wheel housed
within the crankcase so as to transmit rotational power to a
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valve operating mechanism is fixedly provided on the crank-
shaft so as to be outside the crank web that, among the crank
webs, is at one end in the axial direction, wherein the
crankcase is formed from the case main body and a cover
secured to the case main body, and wherein the bearing
support member, which is disposed between the drive trans-
mission wheel and the crank web that is at one end in the
axial direction, is formed into a shape that allows oil held
within the crankcase to flow between opposite sides of the
bearing support member and is mounted on the case main
body.

In accordance with this arrangement, since the bearing
support member is disposed in a position in the proximity of
the crank web that is at one end in the axial direction, the
rigidity with which the crankshaft is supported can be
enhanced, thereby suppressing the knocking sound gener-
ated in a gap between the crankshaft and the bearing
supported by the bearing support member. Moreover, since
the bearing support member has a shape that can allow oil
held within the crankcase to flow between opposite sides of
the bearing support member, the amount of oil held within
the crankcase is not be reduced due to the bearing support
member being placed within the crankcase, thereby storing
a sufficient amount of oil within the crankcase while avoid-
ing any increase in the dimensions of the engine.

The above-mentioned object, other objects,
characteristics, and advantages of the present invention will
become apparent from an explanation of a preferred embodi-
ment that will be described in detail below by reference to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 2 illustrate one embodiment of the present
invention.

FIG. 1 is a longitudinal cross-sectional view of a general
purpose engine with its cover removed, corresponding to a
cross-sectional view along line 1—1 in FIG. 2.

FIG. 2 is a cross-sectional view along line 2—2 in FIG.
1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As shown in FIG. 1 and FIG. 2, this general purpose
engine is an air-cooled single-cylinder engine used in, for
example, a work machine. An engine main body 5 is formed
from a crankcase 6, a cylinder block 7 projecting at a slightly
upward inclination from one side face of the crankcase 6,
and a cylinder head 8 joined to a head part of the cylinder
block 7. A large number of air-cooling fins 7z and 8a are
provided on the outer side faces of the cylinder block 7 and
the cylinder head 8. The crankcase 6 is mounted on an
engine bed of various types of work machine via a mounting
face 6a which is a lower face of the crankcase 6.

The crankcase 6 is formed from a case main body 9 and
a cover 10. The case main body 9 is a principal part of the
crankcase 6 and is formed integrally with the cylinder block
7. The cover 10 is secured to the case main body 9 so as to
close an opening of the case main body 9 in a liquid-tight
manmner.

Formed in the cylinder block 7 is a cylinder bore 12 into
which a piston 11 is slidably fitted. Formed between the
cylinder block 7 and the cylinder head 8 is a combustion
chamber 13 which the top of the piston 11 faces.

A crankshaft 17 has a plurality, for example, a pair, of
crank webs 14 and 15, and a crankpin 16 providing a
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connection between the two crank webs 14 and 15. The
piston 11 is connected to the crankshaft 17 via a connecting
rod 18 and the crankpin 16. This crankshaft 17 is rotatably
supported by the case main body 9 and a bearing support
member 19 mounted on the case main body 9 via ball
bearings 41 and 40, respectively. A drive pulley 20, which is
a drive transmission wheel housed in the crankcase 6, is
fixedly provided on the crankshaft 17 so as to be outside the
crank web 14 that, among the crank webs 14 and 15, is at one
end in the axial direction.

Provided in the cylinder head 8 are an intake port 21 and
an exhaust port 22 that communicate with the combustion
chamber 13. Disposed in the cylinder head 8 are an intake
valve 23 for opening and closing the communication
between the intake port 21 and the combustion chamber 13,
and an exhaust valve 24 for opening and closing the com-
munication between the exhaust port 22 and the combustion
chamber 13. An exhaust pipe 25 has its upstream end
connected to the exhaust port 22 and its downstream end
connected to an exhaust muffler 26 that is supported by and
disposed above the cylinder block 7. Disposed above the
case main body 9 of the crankcase 6 is a fuel tank 27 which
is supported by the case main body 9.

A valve operating mechanism 30 for opening and closing
the intake valve 23 and the exhaust valve 24 is formed from
a camshaft 31, an intake rocker arm 32, an exhaust rocker
arm 33, and pushrods 34. The camshaft 31 is rotatably
supported in the crankcase 6 so as to have an axis parallel to
the crankshaft 17. The intake rocker arm 32 is rockably
supported in the cylinder head 8 so as to have one of its ends
abutting against the intake valve 23 which is spring-biased
in a closing direction. The exhaust rocker arm 33 is rockably
supported in the cylinder head 8 so as to have one of its ends
abutting against the exhaust valve 24 which is spring-biased
in a closing direction. Each of the pushrods 34 has one end
abutting against the other end of the corresponding one of
the rocker arms 32 and 33, and follows the rotation of the
camshaft 31 so as to operate in the axial direction.

Aun intake cam 35 and an exhaust cam 36 are integrally
formed on the camshaft 31. The pushrods 34 run through the
cylinder block 7 in an axially movable manner, and are
disposed between the cylinder head 8 and the crankcase 6.
Provided on the other end of each of the pushrods 34 is a
sliding-contact plate 34a which is in sliding contact with the
corresponding one of the intake cam 35 and the exhaust cam
36.

The two pushrods 34 operaie in the axial direction in
accordance with the cam profile of the corresponding cams
35 and 36 in response to rotation of the camshaft 31. As a
result, the intake valve 23 and the exhaust valve 24 are
driven 1o open and close with operating characteristics
corresponding to the cam profile of the intake cam 35 and
the exhaust camm 36.

Power is transmitted to this valve operating mechanism
30 from the drive puliey 20. An endless timing belt 39 is
wound around the drive pulley 20 and a driven pulley 38
which is mounted on the camshaft 31 via a damper rubber
37 at a position corresponding to the drive pulley 20. The
rotational power of the crankshaft 17 is transmitted to the
camshaft 31 at a reduction ratio of 1/2.

The bearing support member 19 is mounted on the case
main body 9 between the drive pulley 20 and the crank web
14 which, among the crank webs 14 and 15 of the crankshaft
17, is at one end in the axial direction, that is, at a position
so that the drive pulley 20 is interposed between the bearing
support member 19 and the cover 10. One end of the
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crankshaft 17 runs rotatably through the bearing support
member 19 and the cover 10. The ball bearing 49 is disposed
between the bearing support member 19 and the crankshaft
17. An annular seal 42 is disposed between the cover 10 and
the crankshaft 17. The other end of the crankshaft 17 runs
rotatably through the case main body 9. The ball bearing 41
is disposed beiween the case main body 9 and the crankshaft
17. An annular seal 43 is disposed outside the ball bearing
41.

The bearing support member 19 is formed integrally from
an annular support portion 192 and a mounting portion 195
projecting radially outward from the support portion 19a.
The annular support portion 19a supports the ball bearing
40. The bearing support member 19 is mounted on the case
main body 9 by means of bolts 44 at a plurality of, for
example, six positions spaced in the circumferential direc-
tion on the outer periphery of the mounting portion 195. The
mounting portion 195 is formed so that sections between the
plurality of positions where the bolts are inserted through are
indented toward the support portion 19a. A plurality of
through holes 45 are also formed in the mounting portion
19b.

That is, the bearing support member 19 is formed into a
webbed shape that allows oil held within the crankcase 6 to
flow between opposite sides of the bearing support member
19 through the through holes 45. See FIG. 1. The camshaft
31, which has opposite ends rotatably supported by the case
main body 9 and the cover 10 of the crankcase 6, is also
disposed so as to run through an empty space formed
between the bearing support member 19 and the case main
body 9.

The operation of this embodiment is now explained. The
crankcase 6 is formed from the case main body 9 and the
cover 10 joined to the case main body 9, the case main body
9 being integrally formed with the cylinder block 7. The
crankshaft 17 having the pair of crank webs 14 and 15 is
rotatably supported by the bearing support member 19 and
the case main body 9 via the ball bearings 40 and 41,
respectively. The bearing support member 19 is disposed
between the drive pulley 20 and the crank web 14 that,
among the crank webs 14 and 15, is at one end in the axial
direction, the drive pulley 20 being housed within the
crankcase 6 and fixed to the crankshaft 17 so as to transmit
rotational power to the valve operating mechanism 30. As a
result, the bearing support member 19 is disposed at a
position in the proximity of the crank web 14 that is at one
end in the axial direction, thus enhancing the rigidity with
which the crankshaft 17 is supported and suppressing the
knocking sound generated in a gap between the crankshaft
17 and the ball bearing 40 supported by the bearing support
member 19.

Moreover, since the bearing support member 19 is formed
into the shape that allows o1l held within the crankcase 6 to
flow between opposite sides of the bearing support member
19 through the through holes 45, the amount of oil held
within the crankcase 6 is not be reduced due to the bearing
support member 19 being placed within the crankcase 6,
thereby storing a sufficient amount of oil within the crank-
case 6 while avoiding any increase in the dimensions of the
engine.

Although an embodiment of the present invention is
explained in detail above, the present invention is not limited
to this embodiment, and the present invention can be modi-
fied in a variety of ways without departing from the subject
matter of the present invention.

For example, in the above-mentioned embodiment, a
single-cylinder general purpose engine is explained, but the
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present invention is also applicable to a muiti-cylinder
general purpose engine.

What is claimed is:

1. A general purpose engine comprising:

a crankcase comprising a case main body as a principal
part thereof;

a cylinder block with which the case main body is
integrally formed;

a crankshaft having a plurality of crank webs;

bearings;

a bearing support member mounted on the case main
body, the crankshaft being rotatably supported via the
bearings in the bearing support member and the case
main body;

a valve operating mechanism; and

adrive transmission wheel housed within the crankcase so
as to transmit rotational power to the valve operating
mechanism, the drive transmission wheel being fixedly
provided on the crankshaft so as to be outside the crank
web that, among the crank webs, is at one end in the
axial direction;

wherein the crankcase comprises the case main body and
a cover secured to the case main body;

wherein the bearing support member, which is formed
with a plurality of through holes and is disposed
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between the drive transmission wheel and the crank
web that is at one end in the axial direction, is formed
into a shape that allows oil held within the crankcase to
flow between opposite sides of the bearing support
member through the through holes and is mounted on
the case main body,

wherein the bearing support member is formed from an

annular support portion for supporting one of the
bearings and a mounting portion integrally projecting
radially outward from the support portion and having
circumferentially paced projecting portions.

2. The general purpose engine according to claim 1,
wherein the mounting portion comprises said plurality of
through holes.

3. The general purpose engine according to claim 1,
wherein the bearing support member is mounted on the case
main body at said circumferentially spaced projecting por-
tions.

4. The general purpose engine according to claim 3,
wherein the mounting portion is formed so that sections
between the circumferentially spaced projecting portions are
indented toward the support portion.

5. The general purpose engine according to claim 1,
wherein the bearing support member is formed into a
webbed shape.
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&7 ABSTRACT

An engine generator comprises a fan cover made of die-cast
aluminum alloy, and a power control unit including an
aluminum base sheet. The base sheet has a power control
circuit formed thereon. The fan cover includes a mounting
portion to be attached to the powsr control unit. When the
power control unit is attached to the fan cover, a surface of
the aluminum base sheet comes into intimate contact with an
outer surface of the mounting portion. Heat generated at the
unit is transmitted to the fan cover, and then released from
the fan cover serving as a heat releasing member.

18 Claims, 10 Drawing Sheets
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PORTABLE ENGINE GENERATOR HAVING
A FAN COVER WITH A CONTROL UNIT
MOUNTING PORTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an engine generator
suitable for preventing temperature rise in a power control
unit of the generator.

2. Description of the Related Art

Engine generators are used outdoors as general-purpose
power supplies. In recent years, there has been an increased
demand for outputs of such engine generators to be con-
trolled by a power control unit such as an inverter.

Such a power control unit includes a circuit board on
which an electric circuit for controlling power supplied from
an engine generator is provided. When the electric circuit is
supplied with a large electric current, the board produces a
large amount of heat. Therefore, it becomes necessary for
the thus-heated board to be cooled down.

Technique for cooling the above-described circuit board is
known from, for example, Japanese Utility Model Laid-
Open Publication No. SHO-63-171632 entitled “POR-
TABLE ENGINE GENERATOR” and Japanese Ultility
Model Post-Exam Publication No. HEI-6-11535 entitled
“ELECTRONIC COMPONENT UNIT”.

The engine generator disclosed in the Publication No.
SHO-63-171632 includes an end surface cover forming
therein openings for taking in air, and a box member having
an outer surface facing towards the end surface cover. The
box member accommodates therein a control circuit unit. On
the cuter surface of the box member, there are provided a
plurality of heat releasing fins. The adjacent fins define an
intake passage therebetween. Air taken into the openings
flows through the respective intake passages. With this
arrangement, when the control circuit unit generates heat,
the heat is transmitted to the box member. The box member
is cooled by the air passing through the intake passages as
described above.

The Publication No. HEI-6-11535 discloses an electronic
component unit including a case of aluminum accommodat-
ing therein a base sheet on which plural electronic compo-
nents are mounted. The case is filled with hardened resin to
cover the base sheet. With this arrangement, heat generated
by the base sheet is released by means of the case having
improved thermal conductivity.

As disclosed in the Publication No. SHO-63-171632, the
air is directed against the outer surface of the box member
to thereby cool the box member having the control circuit
accommodated therein. However, when the engine generator
supplies large power to thereby cause the control circuit unit
to generate a large amount of heat, the box member can not
be sufficiently cooled because the outer surface of the box
member having the fins provided thereon provides limited
area. As a result, the control circuit unit is difficult to cool.

Also, when the electronic components as disclosed in the
Publication No. HEI-6-11535 provide large power to
thereby generate a large amount of heat, it is required that
the surface of the case serving as a heat releasing sheet have
an enlarged area or that a separate heat releasing sheet of
large size be added to the base sheet such that the case can
effectively release the heat therefrom. In such a case,
however, the electronic component unit is inevitably made
large in size.

20

30

40

45

55

60

65

2
SUMMARY OF THE INVENTION

An object of the present invention is to provide an engine
generator including a power control unit and a heat releasing
member which is formed from an existent member to
thereby downsize the unit and which is disposed to effec-
tively cool the unit to thereby prevent the ternperature of the
unit from rising.

According to an aspect of the present invention, there is
provided an engine generator carrying thereon an engine and
a generator driven by the engine, the engine generator
comprising: a cooling fan mounted on a rotational shaft of
the generator; a fan cover for covering the cooling fan; a
power control unit including an aluminum base sheet form-
ing thereon a power control circuit for controlling an output
from the generator; the fan cover being made of die-cast
aluminum alloy; the power control unit being attached to the
fan cover with a surface of the aluminum base sheet inti-
mately contacting an outer surface of the fan cover.

Heat generated by the control circuit unit is transmitted to
the fan cover made of die-cast aluminum alloy. The heat is
then released from the fan cover. The fan cover intimately
contacts the surface of the aluminum base sheet of the power
control. The cooling fan directs cooling air against the fan
cover.

Since the surface of the aluminum base sheet intimately
contacts the fan cover, the heat generated by the power
control circuit can be efficiently transmitted to the fan cover.
In addition, the cooling fan directs cooling air against the fan
cover during the operation of the power control unit. Thus,
the heat can be effectively released from the fan cover to
thereby prevent temperature of the power control unit from
rising.

The fan cover for covering the cooling fan serves as a heat
releasing member for the power control unit. This eliminates
the need to provide the power control unit with a separate
heat releasing member of large size such as the heat releas-
ing fins. Thus, it becomes possible to downsize the power
control unit as well as to make small the number of parts
forming the engine generator. Consequently, the cost of the
engine generator can be reduced.

In a preferred form of the invention, the fan cover has a
thick mounting portion formed thereon, the mounting por-
tion having a flat outer surface to be attached to the surface
of the aluminum base sheet.

The heat generated at the unit is transmitted from the
surface of the aluminum base sheet of the unit to the entire
fan cover through the thick mounting portion having the flat
outer surface.

Since the mounting portion of the fan cover is made thick
to thereby increase heat capacity thereof, the transmission of
the heat to the fan cover is improved. It thus becomes
possible to prevent the temperature of the unit from rising.

Moreover, the flat mounting portion is advantageous in
that the intimate contact between the unit and the surface of
the aluminum base sheet can be readily effected, and in that
the mounting portion can be easily formed.

In a further preferred form of the present invention, the
generator has a flywheel structure including an outer rotor
fixed to the rotational shaft, the outer rotor having the
cooling fan mounted thereon, and the fan cover for covering
the cooling fan has a cylindrical configuration and is opener
at opposite end portions either of which is secured to the
engine and discharges cooling air therefrom.

The cooling fan directs cooling air along the cylindrical
fan cover towards the engine to thereby cool the engine.
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The cooling air is continuously taken into the fan cover of
cylindrical configuration. The fan cover has the inner surface
exposed to the cooling air. Therefore, heat transmitted to the
fan cover can be effectively released therefrom.

In a still further preferred form of the present invention,
the outer rotor includes permanent magnets, the cooling fan
is formed from a centrifugal fan, the outer rotor and an inner
surface of the fan cover define a passageway therebetween,
and the cooling air is forced to flow through the passageway
towards the engine.

The outer rotor includes the permanent magnets and the
cooling fan is formed from the centrifngal fan. With this
arrangement, the cooling air is directed radially outwardly
from inside the cooling fan. The air is then forced to flow
through the passageway, defined between the outer rotor and
the inner surface of the fan cover, towards the engine.

Thus, since a large amount of cooling air is directed
against the inside of the peripheral surface of the fan cover,
the fan cover can be effectively cooled.

In a still further preferred form of the present invention,
the power control unit is a cycloconverter unit or an inverter
unit for converting an output from the generator into a power
having a predetermined frequency.

The inverter unit or the cycloconverter unit converts the
output from the generator into a power having a predeter-
mined frequency.

An inverter or cycloconverter generates a large amount of
heat corresponding to power loss caused when controlling a
large power supplied from the generator. It was therefore
difficult to reduce the size of a conventional inverter or
cycloconverter unit. However, since the present invention
employs the unit attached to the fan cover, the size of the unit
can be reduced to %to Y50f the size of the conventional unit.

BRIEF DESCRIPTION OF THE DRAWINGS

A certain preferred embodiment of the present invention
will hereinafter be described in detail, by way of example
only, with reference to the accompanying drawings, in
which:

FIG. 1 is a perspective view of an engine generator
according to the present invention;

FIG. 2 is a front elevational view of the engine generator;

FIG. 3 shows the engine generator as viewed from a side
on which a recoil starter is provided;

FIG. 4 is a top plan view of the engine generator;

FIG. 5 is a rear elevational view of the engine generator;

FIG. 6 shows the engine generator as viewed from a side
on which an engine is provided;

FIG. 7 is a cross-sectional view taken along line 7—7 of
FIG. 3;

FIG. 8 shows a cycloconverter unit of the engine genera-
tor with a converter cover removed;

FIG. 9 shows in perspective a fan cover and the cyclo-
converter unit exploded; and

FIG. 10 shows how the fan cover is operated to release
heat generated by the cycloconverter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The following description is merely exemplary in nature
and is in no way intended to limit the invention or its
application or uses.

Referring to FIG. 1, an engine generator 10 for use as a
general-purpose power supply includes a frame 11 formed
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from a pipe frame, an engine 12, a generator 13 (see FIG. 7)
driven by the engine 12, a fuel tank 14 for storing fuel for
the engine 12, an air cleaner 15 connected to the engine 12,
a muffler 18 (see FIG. 5) connected to the engine 12 and
covered with an upper cover 16, a recoil starter 21 for
starting the engine 12, a control box 22 to which an output
from the generator 13 is input, and a cycloconverter unit 23
for use as a power control unit for converting an output from
the generator 13 into a power having a predetermined
frequency. The control box 22 accommodates therein an
ignition control device 43 (see FIG. 2) for the engine 12 and
the like. The air cleaner 15 is provided on an intake side of
the engine 12. The muffler 18 is provided on an exhaust side
of the engine 12. The power control unit may employ an
inverter unit in lieu of the cycloconverter unit 23. All the
engine 12, the generator 13, the fuel tank 14, the air cleaner
15, the muffler 18, the recoil starter 21, the control box 22,
and the cycloconverter unit 23 are attached to the frame 11.

As shown in FIG. 1, the engine generator 10 includes the
control box 22 provided forwardly thereof.

The frame 11 comprises front and rear frames 31, 32
provided forwardly and rearwardly of the engine generator
10, respectively, lower longitudinal beams 33, 34 cach laid
between the front and rear frames 31, 32, upper longitudinal
beams 35, 36 (best shown in FIG. 4) each laid between the
front and rear frames 31, 32, a front lateral beam 37 (see
FIG. 2) laid between upper portions of the front frame 31,
and a rear lateral beam 38 laid between upper portions of the
rear frame 32. The front and rear frames 31, 32 have
rectangular configurations.

The front frame 31 includes vertical portions 24, 25 while
the rear frame 32 includes vertical portions 26, 27. Refer-
ence numerals 28, 28 denote positioning support portions
provided on the front and rear frames 31, 32. By virtue of the
positioning support portions 28, 28, a plurality of the engine
generators 10 can be stacked with the support portions 28,
28 engaged with the lower longitudinal beams 33, 34.
Denoted by reference numeral 29 is a converter cover for use
as a cover of the cycloconverter unit 23,

With reference to FIG. 2, the control box 22 has an
operational panel 41 attached to a front side thereof. On the
panel 41, there are mounted an engine switch 42 for an
ignition system for placing the igpition system in an ON
state, an ignition control device 43 for controlling ignition
timing, a battery charge outlet 44 for providing a dc output
to charge a battery disposed outside the engine generator 10,
a first outlet 45 for outputting a large alternating current,
second outlets 46, 46 for outputting small alternating cur-
rents each of which is smaller than the alternating current
output from the first outlet 45, a circuit breaker 47 for
blocking the flow of currents which are output from the first
and second outlets 45, 46 and have levels exceeding a
predetermined level, and a frequency switch 48 for switch-
ing to 50 or 60 Hz the frequencies of currents output from
the first and second outlets 45, 46. A sticker 49 for showing
the names of a manufacturer and a model of the control box
22 is stuck on the control box 22. The control box 22
includes inner components electrically connected to the
cycloconverter unit 23 through a wire 50.

As shown in FIG. 3, the recoil starter 21 includes a pulley
attached via a one-way clutch to a crankshaft 68 of the
engine 12 provided behind the recoil starter 21. The pulley
has a wire wound thereon. The wire includes its end con-
nected to a handle 51. With this arrangement, when the
handle 51 is pulled, the crankshaft 68 is rotated to thereby
start the engine 12. The recoil starter 21 includes its rotating
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part covered with a cover 52. The cover 52 has plural slits
524, 52b into which air is introduced.

Turning to FIG. 4, the fuel tank 14 and the muffler 18 are
disposed in lateral alignment with each other.

The fuel tank 14 has front and rear parts thercof mounted
to the front lateral beam 37 (see FIG. 2) and the rear lateral
beam 38, respectively. The fuel tank 14 includes an opening
into which a fuel is poured. Such an opening is closed by a
cap 54.

Reference is made to FIG. 5. The engine 12 has a cylinder
head 56 attached to an exhaust pipe 57. The exhaust pipe 57
is mounted to the muffler 18. The engine 12 includes a head
cover 58.

The muffler 18 has an upper part thereof covered with a
heatproof cover 17 disposed such that heat generated by the
muffler 18 can not be transmitted to the fuel tank 14 and
parts provided in the vicinity of the muffler 18. The cover 17
includes an upper part thereof covered with the upper cover
16.

As shown in FIG. 6, the engine 12 and the geperator 13
are mounted to the lower longitudinal beams 34, 33 through
mounting brackets 61.

The engine 12 has a cylinder portion 62 inclined rear-
wardly of the engine generator 10. In other words, the
cylinder portion 62 is inclined away from the control box 22
provided forwardly of the engine generator 10. Also, the
cylinder portion 62 is disposed below the muffler 18. The
cylinder portion 62 has upper and lower engine shrouds 63,
64 mounted on upper and lower parts thereof, respectively.
The shrouds 63, 64 are disposed such that cooling air flows
over the cylinder portion 62 and the cylinder head 56.
Reference character CL designates a cylinder axial line.

Since the cylinder portion 62 is inclined away from the
control box 22, heat generated by the cylinder portion 62 is
not transmitted to the control box 22.

The thus inclined cylinder portion 62 provides the advan-
tage that the height of the engine 12 is made smaller to
thereby make the overall height of .the engine generator 10
smaller. Consequently, the engine generator 10 can be
steadily disposed.

The muffler 18 has a front part thereof connected to an
arm portion 66 by means of a stay 65. The arm portion 66
extends forwardly from the engine 12. A rear part of the
muffler 18 is supported by an exhaust pipe 57 attached to the
engine 12.

The muffler 18 and the control box 22 are disposed closely
to each other with a front panel 17a of the cover 17 provided
therebetween.

An end cover 67 is provided for covering one end portion

of the crankshaft 68 extending in a direction perpendicular 5

to this sheet.

Reference is made to FIG. 7. The generator 13 is a
multipolar generator including an outer rotor 76 of flywheel
structure. The outer rotor 76 has one end thereof fixed to the
crankshaft 68. More specifically, the generator 13 includes
stators 72 attached to an end surface of the engine 12 by
means of bolts 71, 71, a flange member 75 mounted on
another end portion of the crankshaft 68 through a nut 74,
the cup-shaped outer rotor 76 mounted on the flange mem-
ber 75 and disposed radially outwardly of and closely to the
stator 72, a cooling fan 77 mounted on a front part of the
flange member 75, and a substantially cylindrical fan cover
78 for covering the cooling fan 77 and the outer rotor 76.
The outer rotor 76 includes a front part forming therein
apertures 76a (only one shown) through which air passes.
The crankshaft 68 serves as a rotational shaft of the gen-
erator 13.

6

The stator 72 includes a stator core 81 and a stator coil 82
wound on the stator core 81. The stator core 81 has plural
magnetic materials such as metal sheets laid one on the
other.

The outer rotor 76 has permanent magnets 83 mounted on
an inner peripheral surface thereof.

Since the generator 13 includes the outer rotor 76 thus

- arranged, it is unnecessary to provide wires to the outer rotor
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76. Thus, the outer rotor 76 becomes simple in structure.

The cooling fan 77 is a centrifugal fan including blades
84. The rotation of the blades 84 of the fan 77 causes air to
flow radially outwardly from inside the blades 84.

The fan cover 78 is a die-cast product of aluminum alloy
attached to the end surface of the engine 12 through bolts 85
(only one shown).

The rotation of blades 84 of the cooling fan 77 further
causes the thus outwardly flowing air to flow through a
passageway, defined between the outer rotor 76 and the fan
cover 78, towards the engine 12. The generator 13 and the
engine 12 can be therefore cooled.

Referring to FIG. 8, the cycloconverter unit 23 for use as
a power control unit converts an output from the generator
13 (see FIG. 7) into a power having a predetermined
frequency. For example, the frequency of an alternating-
current output from the generator 13 is converted into a
frequency of 50 or 60 Hz by the unit 23. The cycloconverter
unit 23 includes an aluminum base sheet 91 having elec-
tronic components mounted thereon, a case 92 for receiving
the base sheet 91 therein, capacitors 93, 94 having large
capacitances, and the converter cover 29 for covering the
case 92 and the capacitors 93, 94. More specifically, the case
92 and the capacitors 93, 94 include a front side on which
the electronic components are provided. Such a front side is
covered with the cover 29. The capacitors 93, 94 are
mounted to a lower part of the case 92. The case 91 is filled
with hardened resin to cover the electronic components
mounted on the base sheet 91.

Formed at the aluminum base sheet 91 is a power control
circuit 95 (see FIG. 9) for controlling an output from the
generator 13. The base sheet 91 includes input terminals 96,
97, 98 provided on the front side. An output from the
generator 13 is input to the terminals 96, 97, 98. The base
sheet 91 has a flat surface 112 (see FIG. 9) provided at a side
opposite to the front side.

The case 92 includes case mounting holes 101, 102 for
use in attaching the cycloconverter unit 23 to the fan cover
78.

The capacitors 93, 94 serving as filters include -output
terminals 103, 104, 105, 106 for providing outputs having
frequencies converted by the unit 23. These terminals 103,
104, 105, 106 arc connected to the first outlet 45 and the
second outlets 46, 46 as shown in FIG. 2.

Although the cycloconverter unit 23 or the inverter unit
serving as the power control unit generates a large amount
of heat corresponding to loss caused by the conversion of
power supplied from the generator 13, the unit can be
effectively cooled to thereby prevent the temperature of unit
from rising. Moreover, the unit 23 can be made small in size.

Turning to FIG. 9, the fan cover 78 includes a curved side
wall 107 and a bulged wall 108. On the wall 107, there are
mounted boss portions 109, 111 for use in attaching the unit
23 thereto, and a thick mounting portion 114 having a flat
outer surface 113. The outer surface 113 is flatten to inti-
mately contact the surface 112 when the unit 23 is attached
to the fan cover 78. The boss portions 109, 111 have internal
threads 115, 116 formed therein.
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The converter cover 29 has cover mounting holes 117, 118
formed therein. The cycloconverter unit 23 is attached to the
fan cover 78 through two bolts 121, 121 (only one shown).
More specifically, for attachment of the unit 23 to the fan
cover 78, the one bolt 121 is screwed into the boss portion
115 through the holes 117, 101 while the other bolt 121 1s
screwed into the boss portion 111 through the holes 118, 102
to thereby bring the surface 112 into intimate contact with
the outer surface 113.

As described above, the power control circuit 95 for
controlling an output from the generator 13 is formed at the
aluminum base sheet 91 of the cycloconverter unit 23. On
the fan cover 78, there is formed the mounting portion 114
having the flat outer surface 113 to be attached to the sheet
surface 112. Because the outer surface 113 is flat, the
intimate contact between the surface 112 and the outer
surface 113 can be easily effected. Further, the mounting
portion 114 can be readily formed.

Discussion will be made as to operation of cooling the fan
cover 78 having the cycloconverter unit 23 attached thereto
in relation to FIG. 10.

As indicated by arrows, heat generated by the unit 23 is
transmitted from the surface 112 to the entire fan cover 78
through the mounting portion 114 and the outer surface 113
provided in intimate contact with the surface 112. The heat
is then released from the fan cover 78 into the air.

Because the surface 112 of the unit 23 is in intimate
contact with the outer surface 113 of the die-cast fan cover
78 of aluminum alloy, heat is efficiently transmitted from the
unit 23 to the fan cover 78.

The mounting portion 114 of the fan cover 78 is made
thick to thereby provide the mounting portion 114 with
increased heat capacity thereof. Therefore, the heat gener-
ated by the unit 23 is transmitted to the fan cover 78 more
satisfactorily through the thick mounting portion 114 than
through a less thick mounting portion 114.

The fan cover 78 has heat transmitted thereto in the above
manoer as the unit 23 is operated. However, since the
peripheral surface of the fan cover 78 has a large area and
the cooling fan 77 continuously directs cooling air against
the inside of the peripheral surface when rotating, the fan
cover 78 can be effectively cooled to prevent the temperature
of the unit 23 from rising.

In other words, the thus arranged fan cover 78 for
covering the cooling fan 77 serves as a heat releasing
member for releasing heat generated by the unit 23 to
thereby eliminate the need to provide the unit 23 with a
separate heat releasing member. Thus, the number of parts
forming the engine generator 10 can be made small to
thereby reduce the cost of the engine generator 10.

Turning back to FIG. 7, as the engine 12 is operated to
rotate the cooling fan 77, cooling air passes through a first
passage. This means that the cooling air flows through the
slits 52a, 52b and the recoil starter 21 into the fan cover 78,
whereafter the air is directed to the inside of the fan 77 and
then flows radially outwardly from inside the fan 77 into
passageways defined between the cooling fan 77 and an
inner surface of the fan cover 78 and between the outer rotor
76 and the inner surface of the fan cover 78, as indicated by
arrows. After passing through these passageways, the air
flows over an outer surface of the engine 12. Also, the
rotation of the fan 77 causes cooling air to pass through a
second passage. This means that the cooling air flows
radially outwardly from within the outer rotor 76 of the
generator 13 through the apertures 76a (only one shown).
Between the engine 12 and the generator 13, there are
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formed intake openings (not shown). Through such
openings, cooling air is introduced into the outer rotor 76.

That is, the engine generator 10 is cooled by the cooling
air passing through the first and second passages.

As described above, the rotation of the cooling fan 77
formed from the centrifugal fan forces the cooling air to flow
towards the engine 12 through the passageway defined
between the inner surface of the fan cover 78 and the outer
rotor 76.

With this arrangement, the first and second passages
become simple in configuration. Since the thus arranged
passages provide a reduced resistance to the flow of cooling
air, the cooling air is efficiently directed to the generator 13,
the fan cover 78, and the engine 12. Therefore, the generator
13, the fan cover 78, and the engine 12 can be sufficiently
cooled.

The cylindrical fan cover 78 for covering the cooling fan
77 has one end secured to the engine 12. Therefore, the
rotation of the cooling fan 77 causes cooling air to flow
along the fan cover 78 towards the engine 12. Further, heat
generated by the engine 12 is transmitted directly to the fan
cover 78, whereafter the heat is released from the fan cover
78. Consequently, it becomes possible to cool the engine 12
by means of both the cooling air and the fan cover 78.

Obviously, various minor changes and modifications of
the present invention are possible in the light of the above
teaching. It is therefore to be undersiood that within the
scope of the appended claims, the present invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. An engine-driven generator unit having an engine and
an electric power generator driven by said engine, said
engine-driven generator unit comprising:

a cooling fan mounted on a rotational shaft of said electric

power generator;

a fan cover for covering said cooling fan, the fan cover

being made of die-cast aluminum alloy; and

a power control unit comprising an aluminum base sheet

and a power control circuit provided thereon for con-
trolling an output from said electric power generator,
the power control unit being attached to said fan cover
with a surface of said aluminum base sheet intimately
contacting an outer surface of said fan cover.

2. An engine-driven generator unit according to claim 1;
wherein said fan cover has a thick mounting portion, said
mounting portion having a flat outer surface attached to said
surface of said aluminum base sheet.

3. An engine-driven generator unit according to claim 1;
wherein said electric power generator includes an outer rotor
serving as a flywheel of the engine, said outer rotor having
one end thereof fixed to said rotational shaft, said outer rotor
having said cooling fan mounted thereon, and said fan cover
for covering said cooling fan has a cylindrical configuration
and is opened at opposite end portions cither of which is
secured to said engine and discharges cooling air therefrom
onto an outer peripheral surface of the engine.

4. An engine-driven generator unit according to claim 3;
wherein said outer rotor includes permanent magnets, said
cooling fan is a centrifugal fan, an annular passageway is
defined between said outer rotor and an inner surface of said
fan cover, and said cooling air is forced to flow through said
passageway towards said engine.

5. An engine-driven generator unit according to claim 1;
wherein said power control unit comprises one of a cyclo-
converter unit and an inverter unit for converting an output
from said electric power generator into a power having a
predetermined frequency.
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6. An engine-driven generator unit according to claim 3;
whereln the cooling fan comprises a centrifugal cooling fan
device that forces cooling air between the outer rotor and the
fan cover so as to send the cooling air to the outer peripheral
surface of the engine.

7. An engine-driven generator unit according to claim 1;
wherein the fan cover has an opening at a first end proximate
the engine, and the cooling fan has a first rotary blade
member for drawing outside air and blowing the air to cool
the engine and the electric power generator.

8. An engine-driven generator unit according to claim 1;
wherein the electric power generator is a multipolar genera-
tor having a magnet rotor, and the power control circuit
converts an output of the multipolar generator into an
alternating current of a predetermined frequency.

9. An engine-driven generator unit according to claim 1;
wherein the engine has a cylinder inclined sideways
obliquely and a muffler disposed in a space above the
cylinder.

10. An engine-driven generator unit according to claim 9;
wherein the muffler is substantially cylindrical and elon-
gated in a direction perpendicular to the output shaft of the
engine.

11. An engine-driven generator unit according to claim 1,
further comprising an engine shroud covering a portion of
the engine and having one end disposed proximate the fan
cover so that air blown out of the fan cover by the cooling
fan passes between the engine shroud and the engine to cool
the engine:

12. An engine-driven generator unit according to claim 1;
wherein the fan cover has a first end disposed proximate the
engine and a second end disposed remote from the engine;
and further comprising a recoil starter for starting the engine
attached to the second end of the fan cover.

13. An engine-driven generator unit comprising: an
engine; an electric power gencrator driven by the engine; a
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cooling fan mounted to a rotary output shaft of the engine;
a thermally conductive fan cover covering the cooling fan
and the electric power generator; and a power control unit
comprising a thermally conductive metallic base sheet and a
power control circuit provided on the base sheet for con-
trolling an output of the electric power generator, the power
control unit being attached to the fan cover so that a surface
of the base sheet is in direct contact with an outer surface of
the fan cover.

14. An engine-driven generator unit according to claim
13; wherein the fan cover is formed of a die-cast aluminum
alloy, and the base sheet is formed of aluminum.

15. An engine-driven generator unit according to claim
13; wherein the fan cover has a flat surface at a location
where the base sheet of the power control unit is attached.

16. An engine-driven generator unit according to claim
13; wherein the electric power generator has an outer rotor
serving as a flywheel of the engine, the outer rotor has one
end fixed to the rotary output shaft, the cooling fan is
mounted to the outer rotor, and the fan cover has a generally
cylindrical shape and is opened at opposite ends thereof, one
of the ends being disposed proximate the engine to discharge
cooling air therefrom onto the engine.

17. An engine-driven generator unit according to claim
16; wherein the cooling fan is a centrifugal fan for drawing
air from outside the electric power generator into the fan
cover, through an annular passageway defined between the
outer rotor and an inner surface of the fan cover, and out a
discharge portion of the fan cover onto the engine.

18. An engine-driven generator unit according to claim
13; wherein the power control unit comprises one of a
cycloconverter unit and an inverter unit for converting an
output of the generator into a power having a predetermined
frequency.
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1
GENERAL-PURPOSE ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a general-purpose engine
having a canister to adsorb fuel vapor that has evaporated
within a fuel tank, wherein fuel vapor desorbed from the
canister is guided to an intake system in communication
with an engine main body.

2. Description of the Related Art

A general-purpose engine having a canister disposed
within a tank cap of a fuel tank is known from, for example,
Japanese Patent Application Laid-open No. 7-34985.

A general-purpose engine usually needs to be compact so
that a work machine that includes the general-purpose
engine does not become large. A conventional general-
purpose engine having a canister disposed within the tank
cap causes enlargement to a portion around the tank cap and,
thereby, an increase to the overall size of the general-
purpose engine. Further, the canister is subject to external
impact when attaching and removing the tank cap.

SUMMARY OF THE INVENTION

The present invention has been achieved under the above-
mentioned circumstances to provide a general-purpose
engine having a canister protected from external impact
while also avoiding any increase in the dimensions of the
general-purpose engine.

According to a first aspect of the present invention, a
general-purpose engine includes a canister for adsorbing
fuel vapor that has evaporated within a fuel tank, wherein
fuel vapor desorbed from the canister is guided to an intake
system in communication with an engine main body, a
housing recess is formed in a base of the fuel tank and is
recessed toward the interior of the fuel tank, and the canister
is housed within the housing recess.

With this arrangement, a lower portion of the fuel tank
covers the canister located within the housing recess of the
fuel tank. Therefore, it is possible to position the canister
within the general-purpose engine without increasing the
dimensions of the general-purpose engine. Moreover, exter-
nal impacts upon the canister are greatly reduced.

According to a second aspect of the present invention, the
fuel tank is disposed above an engine component forming a
part of the engine main body, the casing of the canister has
an open-to-atmosphere hole provided therein which opens
toward an engine component, and the open-to-atmosphere
hole provides communication between the interior and exte-
rior of the canister.

With this arrangement, the engine main body covers the
area around the open-to-atmosphere hole of the canister,
greatly reducing the amount of dirt and moisture drawn into
the canister via the open-to-atmosphere hole, and thereby
greatly improving the durability of the canister.

The above-mentioned aspects, other aspects, characteris-
tics, and advantages of the present invention will become
apparent from a preferred embodiment described below in
detail by reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view of the engine, according to a
preferred embodiment of this invention;

FIG. 2 is a partially cutaway side view of the engine when
viewed from the direction of arrow 2 in FIG. 1;
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FIG. 3 is a sectional view of the fuel tank;
FIG. 4 is an enlarged view of an upper part of FIG. 3;
FIG. 5 is an enlarged sectional view along line 5—35 in
FIG. 3; and
FIG. 6 is a sectional view along line 6—6 in FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 and FIG. 2 show an air-cooled, single cylinder
general-purpose engine used in, for example, a work
machine. An engine main body 11 includes a crankcase 12,
a cylinder block 13, and a cylinder head 14. The cylinder
block 13 is inclined upward and joined to one side of the
crankcase 12. The cylinder head 14 is joined to a head of the
cylinder block 13. A large number of air-cooling fins 134 and
14a are provided on outer side faces of the cylinder block 13
and the cylinder head 14. The crankcase 12 is mounted on
an engine bed of various types of work machines via a
mounting face 12a on a lower face of the crankcase 12. A
head cover 15 is joined to the cylinder head 14 to cover a
valve operating system, which is not illustrated.

The crankcase 12 is formed from a case main body 16 and
a side cover 17. The case main body 16 is cast-molded
integrally with the cylinder block 13. The side cover 17 is
joined to an open end of the case main body 16. A crankshaft
18 has a horizontal axis and is rotatably supported in the
crankcase 12. The crankshaft 18 has one end 184 projecting
from the side cover 17. A recoil starter 19 is connected to the
other end of the crankshaft 18. A case 20 of the recoil starter
19 is mounted on the case main body 16 on the side opposite
to the side cover 17.

An intake system 21 of the engine includes a carburetor
22, an intake pipe 23, and an air cleaner 24. The carburetor
22 is disposed on one side of the recoil starter 19 and is
connected to the cylinder head 14 of the engine main body
11. The downstream end of the intake pipe 23 is connected
to the carburetor 22. The upstream end of the intake pipe 23
is connected to the air cleaner 24. '

A cleaner case 25 of the air cleaner 24 includes a cleaner
case main body 26 and a cover plate 27. The cleaner case
main body 26 is formed in a bowl shape opening downward.
The cover plate 27 blocks a lower open end of the cleaner
case main body 26. Housed within the cleaner case 25 are a
cylindrically shaped first cleaner element 28 and a cylindri-
cally shaped second cleaner element 29 coaxially surround-
ing the first cleaner element 28. Opposite ends, in the axial
direction, of each of the first and second cleaner elements 28
and 29 are supported by a pair of disc-shaped retaining
plates 30 and 31. The first and second cleaner elements 28
and 29 are housed within the cleaner case 25 so that the
retaining plate 31 abuts the cover plate 27.

The interior of the cleaner case 25 is divided into an
uncleaned chamber 32 on the outer side and a cleaned
chamber 33 on the inner side by the two cleaner elements 28
and 29. Provided integrally with the cleaner case main body
26 of the cleaner case 25 is an inlet pipe portion 26a, which
communicates with the uncleaned chamber 32. Connected to
the inlet pipe portion 264 is an inlet pipe 34 for feeding
external air into the uncleaned chamber 32.

The external air fed into the uncleaned chamber 32 viathe
inlet pipe 34 and the inlet pipe portion 26a is cleaned while
passing through the first 28 and second 29 cleaner elements,
and is guided to the cleaned chamber 33. The cleaned air
within the cleaned chamber 33 is guided to the carburetor 22
via the intake pipe 23.
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The intake pipe 23 extends downward from the air cleaner
24 and includes a pipe 35 and a cover 36. The pipe 35
extends vertically with an open upper end and, in a lower
part, includes an integral connecting tube portion 35a con-
nected to the carburetor 22. The cover 36 blocks an upper
end opening of the pipe 35 and abuts the cover plate 27 of
the cleaner case 25 from below. A feed pipe portion 36a is
provided integrally with the cover 36 and extends through
central regions of the cover plate 27 and the retaining plate
31 and projecting into the interior of the cleaned chamber 33
from below.

An increased diameter head portion 37a of a bolt 37
engages with the pipe 35 from below. The bolt 37 extends
through the pipe 35, the feed pipe portion 364 of the cover
36, the retaining plate 30, and the closed upper end of the
cleaner case main body 26. A wing nut 38 screws onto the
bolt 37 engaging the retaining plate 30 from above. Tight-
ening the wing nut 38 enables the first and second cleaner
elements 28 and 29, the cover plate 27 of the cleaner case 25,
and the intake pipe 23, which are held between the two
retaining plates 30 and 31, to be made into a unit. A plurality
of ribs 265 are provided at the closed upper end of the
cleaner case main body 26 of the cleaner case 25 and abut
the retaining plate 30 from above. Screwing and tightening
a wing nut 39 around a portion of the bolt 37 projecting
upward from the closed upper end of the cleaner case main
body 26 completes assembly of the air cleaner 24, thus
connecting the air cleaner 24 to the intake pipe 23.

An exhaust system 41 of the engine includes an exhaust
pipe 42 and an exhaust muffler 43. The exhaust pipe 42 is
connected to the cylinder head 14 of the engine main body
11 on the side opposite to the carburetor 22. The exhaust
muffler 43 is connected to the exhaust pipe 42 while being
supported by a bracket 44 attached to the cylinder head 14
of the engine main body 11. A cover 45 covers the exhaust
system 41.

A fuel tank 48 is disposed above the crankcase 12 of the
engine main body 11. The fuel tank 48 is supported by
support arms 49 and 50. The support arm 49 is provided
integrally with the case main body 16 of the crankcase 12,
while the support arm 50 is provided integrally with the
cylinder block 13.

In FIG. 3, the fuel tank 48 is formed by joining the
peripheral edge of an upper tank half 51 to the peripheral
edge of a lower tank half 52. The upper tank half 51 forms
a bowl shape that opens downward. The lower tapk half 52
forms a bowl shape that opens upward. The peripheral edge
of a support cover 53 is joined to the peripheral edges of the
upper and lower tank halves 51 and 52. The support cover
53 forms a bowl shape that opens upward and covers the
lower tank half 52 from below.

A head 54a of a bolt 54 is inserted through the support
cover 53 and the support arm 49. Both a weld nut 56 and the
head 54a of the bolt 54 are secured to an inner face of the
support cover 53. A nut 55 is screwed around a portion of the
bolt 54 projecting from the support arm 49. A bolt 57
inserted through the support arm 50 and the support cover 53
screws into the weld nut 56. Tightening the nut 55 and the
bolt 57 enables the engine main body 11 to support the
support cover 53 and the fuel tank 48.

Referring to FIG. 4, a seal support member 59 is welded
to a central portion of an inner face of the upper tank half 51
of the fuel tank 48. The central portion of the seal support
member 59 has a seal-mounting hole 58 therein. Mounted in
the seal-mounting hole 58 is an annular seal 61 forming a
fuel filler hole 60 along an inner periphery thereof. Further-
more, a sealing portion 62 and a tubular latching portion 63
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are integrally formed with the central portion of the upper
tank half 51 at a position corresponding to the seal support
member 59. The sealing portion 62 protrudes upward into a
ring shape. The tubular latching portion 63 is connected to
the inner periphery of the sealing portion 62 and extends
downward.

The fuel filler hole 60 is closed with a tank cap 64 such
that the fuel filler hole 60 can be opened and closed. The
tank cap 64 includes an insertion tube 65, a dish-shaped
operating member 66, and a support tube 67. The insertion
tube 65 is removably inserted into the fuel filler hole 60. The
operating member 66 is joined to the upper end of the
insertion tube 65. The support tube 67 is held between the
insertion tube 65 and the operating member 66.

The insertion tube 65 is integrally formed from a bot-
tomed small-diameter cylindrical portion 65b, a tapered
portion 65¢, a large-diameter cylindrical portion 654, a
flange portion 65e, and a mating tubular portion 65/ The
small-diameter cylindrical portion 655 has a lower end
closed by an end wall 65a. The tapered portion 65¢ has a
small-diameter end connected coaxially to an upper end of
the small-diameter cylindrical portion 655. The large-diam-
eter cylindrical portion 654 is connected coaxially to a
large-diameter end of the tapered portion 65c. The flange
portion 65¢ extends radially outward from the other end of
the large-diameter cylindrical portion 654. The mating tubu-
lar portion 65/ extends from the outer periphery of the flange
portion 65¢ downward to surround the large-diameter cylin-
drical portion 65d. The small-diameter cylindrical portion
65b is inserted into the fuel filler hole 60 while in resilient
sliding contact with the annular seal 61.

The mating tubular portion 65/ of the insertion tube 65 is
fitted into the operating member 66. The operating member
66 is joined to the upper end of the inscrtion tube 65 by
swaging an open edge of the operating member 66 to engage
the tip of the mating tubular portion 65/

The support tube 67 integrally includes a first cylindrical
portion 67a, a first connecting collar portion 675, a second
cylindrical portion 67¢, a second connecting collar portion
67d, and a third cylindrical portion 67e. The first cylindrical
portion 67q is disposed coaxially within the small-diameter
cylindrical portion 655 of the insertion tube 65. The first
connecting collar portion 675 projects radially outward from
a middle portion proximate the upper end of the first
cylindrical portion 67a. The second cylindrical portion 67¢
is fitted into the large-diameter cylindrical portion 654 of the
insertion tube 65 to coaxially surround the first cylindrical
portion 67a, and is connected to the outer periphery of the
first connecting collar portion 67b. The second connecting
collar portion 67d projects radially outward from a middle
portion proximate the upper end of the second cylindrical
portion 67¢. The third cylindrical portion 67e is connected
to the outer periphery of the second connecting collar
portion 67d to coaxially surround the second cylindrical
portion 67¢. Upper ends of the first through third cylindrical
portions 67a, 67c, and 67e abut the closed end of the
operating member 66.

An annular spacer 68, which is made of an elastic
material, is held between the second connecting collar
portion 67d of the support tube 67 and the flange portion 65e
of the insertion tube 65. By swaging the open edge of the
operating member 66 to engage the mating tubular portion
65/ of the insertion tube 65, the operating member 66 is
joined to the upper end of the insertion tube 65, and the
support tube 67 is held between the insertion tube 65 and the
operating member 66.
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An engagement member 69 is slidably supported on the
first cylindrical portion 67a of the support tube 67 beneath
the first connecting collar portion 67b. The engagement
member 69 integrally includes a cylindrical boss 69a and a
pair of engagement arms 695. The cylindrical boss 69a is
fitted around the first cylindrical portion 67a. The engage-
ment arms 695 extend to opposite sides from the cylindrical
boss 69a on one diameter of the first cylindrical portion 67a.
Provided in the large-diameter cylindrical portion 654 of the
insertion tube 65 are a pair of slits 70 extending in the axial
direction through which the two engagement arms 695
extend. That is, the engagement member 69 is mounted on
the tank cap 64 to prevent the engagement member 69 from
pivoting around an axis of the engagement member 69 by
the two slits 70, and the axial sliding range of the engage-
ment member 69 is restricted by longitudinally opposite
ends of the two slits 70. A spring 71 is provided under
compression between the end wall 65a of the insertion tube
65 and the engagement member 69 so that the spring 71
exhibits a spring force urging the engagement member 69
toward the first connecting collar portion 675 of the support
tube 67.

Tips of the engagement arms 695 of the engagement
member 69 project from the large-diameter cylindrical por-
tion 654 of the insertion tube 65. A pair of cutouts 72 is
formed in the tubular latching portion 63 of the fuel tank 48.
The tips of the engagement arms 695 are removably inserted
into the cutouts 72. The tubular latching portion 63 is formed
so that the tubular latching portion 63 pushes the engage-
ment member 69 compressing the spring 71. Tank cap 64
then pivots in one direction through a predetermined angle
while the tips of the engagement arms 695 are inserted into
the cutouts 72. When the tank cap 64 pivots through the
predetermined angle, the latching portion 63 engages the
engagement arms 695 of the engagement member 69 resil-
iently urged by the spring 71, thereby maintaining the
mounting state of the tank cap 64.

A ring-shaped gasket 73 is fitted around the outer periph-
ery of the large-diameter cylindrical portion 65d of the
insertion tube 65 in the tank cap 64. When the tank cap 64
is fitted into the fuel tank 48, the gasket 73 is held between
the sealing portion 62 of the fuel tank 48 and the flange
portion 65¢ of the insertion tube 65 in the tank cap 64.

An upper end portion-of a strap 74 is secured to the end
wall 65a of the insertion tube 65 in the tank cap 64. The
lower end of the strap 74 is formed integrally with a hook
(not illustrated) that does not easily pass through the filler
hole 60. Therefore, even when the tank cap 64 is detached
from the fuel tank 48, the hook catches on the seal support
member 59 at the peripheral edge of the fuel filler hole 60
and prevents the tank cap 64 from falling off.

When the tank cap 64 is mounted on the fuel tank 48, the
sealing portion 62 of the fuel tank 48, the seal support
member 59, and the tank cap 64 form an annular fuel vapor
passage 78 surrounding the tank cap 64. A channel 79 is
provided on the seal support member 59 to provide com-
munication between the fuel vapor passage 78 and the
interior of the fuel tank 48. The seal support member 59 and
an inner face of the upper tank half 51 of the fuel tank 48
form the channel 79. That is, the fuel vapor passage 78
communicates with the interior of the fuel tank 48.

An external communication passage 80, formed between
the operating member 66 and the support tube 67 of the tank
cap 64, communicates with the exterior of fuel tank 48. The
external communication passage 80 includes a first annular
passage portion 804, a second annular passage portion 805,
a third annular passage portion 80¢, and a central passage
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portion 80d. The first annular passage portion 80a is formed
between the flange portion 65¢ of the insertion tube 65 and
the operating member 66 outside the third cylindrical por-
tion 67¢ of the support tube 67. The second annular passage
portion 80b is formed between the second and third cylin-
drical portions 67¢ and 67e of the support tube 67. The third
annular passage portion 80c is formed between the first and
second cylindrical portions 67a and 67¢ of the support tube
67. The central passage portion 804 is formed within the first
cylindrical portion §7a of the support tube 67.

An external communication hole 81, provided on the
flange portion 65e of the insertion tube 65, provides com-
munication between the first annular passage portion 80a
and the exterior of fuel tank 48. A communication channel
82, provided at the upper end of the third cylindrical portion
67¢ of the support tube 67, provides communication
between the first and second annular passage portions 80a
and 80b. A communication channel 83, provided at the
upper end of the second cylindrical portion 67¢ of the
support tube 67, provides communication between the sec-
ond and third annular passage portions 8056 and 80c. A
communication channel 84, provided at the upper end of the
first cylindrical portion 67a of the support tube 67, provides
communication between the third annular passage portion
80c and the central passage portion 80d.

A partition 85 is integrally provided in the inner periphery
of the first cylindrical portion 67a proximate a lower end
thereof. Partition 85 defines the lower end of central passage
portion 804 of the external communication passage 80 and
divides the interior of the first cylindrical portion-67a into
upper and lower parts.

A one-way valve 86 is provided within the tank cap 64
and opens allowing communication between the external
communication passage 80 and the interior of the fuel tank
48 when the pressure in the fuel tank 48 is lower than the
external pressure. The one-way valve 86 includes a valve
hole 87 and a leaf valve member 88. The valve hole 87 is
provided in a central part of the partition 85 and extends
coaxially to the lower end of the central passage portion 80d
of the external communication passage 80. The leaf valve
member 88 is capable of closing the valve hole 87 by sitting
on the central part of the partition 85 from the side opposite
to the central passage portion 80d.

Ablocking member 89 fits into a lower end part of the first
cylindrical portion 67a. Blocking member 89 is retained
within the first cylindrical portion 67a by a support piece 90
that abuts the blocking member 89. The support piece 90 is
formed by cutting and raising a part of the end wall 654 of
the insertion tube 65.

A passage 91 is provided in a central part of the blocking
member 89 and communicates with the interior of the fuel
tank 48. The passage 91 permits the internal pressure of fuel
tank 48 to be exerted on a side of leaf valve member 88
opposite the partition 85. The gap between the blocking
member 89 and the partition 85 is such that leaf valve
member 88 may open and close.

Referring again to FIG. 3, a housing recéss 95, formed in
the base of the fuel tank 48, is recessed toward the interior
of the fuel tank 48. The housing recess 95, cylindrical in
shape with a closed upper end and an open lower end, is
located at a position below and offset from the tank cap 64
and is welded to the lower tank half 52. A canister 96 is
housed within the housing recess 95.

Referring also to FIG. 3, a casing 98 of the canister 96 is
made of a synthetic resin and includes a casing main body
99 and a cover 100. The casing main body 99 has a
cylindrical shape with a closed lower end and extends
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vertically. The cover 100 is fitted into and fixed to the casing
main body 99 to close an upper end opening of the casing
main body 99. The casing 98 is inserted into the housing
recess 95 from an opening 101 provided in the support cover
53 that covers the fuel tank 48 from below. A plurality of, for
example, three, mounting arms 102 provided integrally with
a lower part of the casing main body 99 are attached to the
support cover 53 by weld nuts 103 and bolts 104. The weld
nuts 103 are secured to an inner face of the support cover 53.
The bolts 104 are inserted into the mounting arms 102 and
support cover 53, and are screwed into the weld nuts 103.

Referring also to FIG. 6, the closed lower end of the
casing main body 99 is formed from a semicircular first end
wall portion 994, a semicircular second end wall portion
995, and a connecting wall portion 99¢. The first end wall
portion 994 closes the lower end of substantially half of the
casing main body 99. The second end wall portion 995 is
disposed above the first end wall portion 99a to close the
lower end of the remainder of the casing main body 99. The
connecting wall portion 99¢ is disposed on one diameter of
the casing main body 99, and provides a connection between
the first and second end wall portions 99a and 995. Provided
integrally with an inner face of the casing main body 99 is
a partition wall portion 994, which is connected to the
connecting wall portion 99¢ and extends upward. The par-
tition wall portion 994 divides the interior of the casing main
body 99 into left and right portions corresponding o the first
and second end wall portions 994 and 995.

First and second support members 105 and 106 are fitted
into and fixed to a lower part of the interior of the casing
main body 99. Provided integrally with the first and second
support members 105 and 106 are grid portions 1052 and
106a that have semicircular exterior shapes corresponding to
the first and second end wall portions 99a and 995, respec-
tively, and which are formed into grid shapes to allow the
circulation of fuel vapor. An introduction chamber 107 is
formed within the casing main body 99 between-the grid
portion 1054 of the first support member 105 and the first
end wall portion 99a.

A first adsorbent layer 108, packed with an adsorbent such
as activated carbon, is housed within the casing main body
99 on one side of the partition wall portion 99d, wherein a
filter 110 is disposed between the first adsorbent layer 108
and the grid portion 105a of the first support member 105.
A second adsorbent layer 109, packed with an adsorbent
such as activated carbon, is housed within the casing main
body 99 on the other side of the partition wall portion 994,
wherein a filter 111 is disposed between the second adsor-
bent layer 109 and the grid portion 106a of the second
support member 106.

The first and second adsorbent layers 108 and 109 are held
between filters 110, 112 and filters 111,113, respectively.
Provided integrally with the cover 100 closing the open end
of the casing main body 99 is a tubular retaining portion
100q fitted into the interior of the casing main body 99 so
that the filters 112 and 113 are held between the tubular
retaining portion 100a and the first and second adsorbent
layers 108, 109, respectively. Moreover, a middle chamber
114 is formed between the filters 112, 113 and the cover 100.

A filter 115, abutting the grid portion 1064 from below, is
fitted within the casing main body 99 beneath the grid
portion 1064 of the second support member 106. A discharge
chamber 116 is formed within the casing main body 99
between the filter 115 and the second end wall portion 995.

An open-to-atmosphere hole 117, providing communica-
tion between the discharge chamber 116 and the exterior of
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casing 98, is provided in the second end wall portion 995,
wherein the hole 117 opens toward the crankcase 12 of the
engine main body 11.

Referring to FIG. 5, a pair of connecting tube portions 99¢
and 99/ that communicate with the introduction chamber
107 are projectingly provided integrally with a lower part of
the casing main body 99, wherein the connecting tube
portions 99e and 99/ project outward at positions offset from
each other along the periphery of the casing main body 99.
Connected to the connecting tube portion 99 is a charge
pipeline 118 for guiding fuel vapor from the fuel tank 48.
Connected to the connecting tube portion 99/ is a purge
pipeline 119 for guiding fuel vapor that has desorbed from
the canister 96 to the intake pipe 23.

Referring again to FIG. 3, the charge pipeline 118
includes pipelines 120 and 121. The pipeline 120 is formed
between the tank cap 64 and the fuel tank 48, providing
communication with the interior of the fuel tank 48 via fuel
vapor passage 78. The pipeline 121 provides a connection
between the pipeline 120 and the canister 96. The pipelines
120 and 121 are, for example, rubber hoses.

A connecting tube 122 extends vertically through the seal
support member 59 of the fuel tank 48 on the side opposite
to the canister 96 relative to the axis of the tank cap 64. A
middle portion of the connecting tube 122 is mounted on the
seal support member 59, wherein the upper end of the
connecting tube 122 communicates with the fuel vapor
passage 78. The lower end of the connecting tube 122 is
connected to the upper end of the pipeline 120. A connecting
tube 123 extends vertically through the base of the lower
tank half 52 of the fuel tank 48 in a liquid-tight manner. A
middle portion of the connecting tube 123 is mounted on the
base of the lower tank half 52. The upper end of the
connecting tube 123 is connected to the lower end of the
pipeline 120. The pipeline 121 extends through the support
cover 83 and is connected to the lower end of the connecting
tube 123.

That is, the pipeline 120 of the charge pipeline 118 is
provided entirely within fuel tank 48 and communicates
with the fuel vapor passage 78. Therefore, it is possible to
reduce the portion of the charge pipeline 118 exposed to the
exterior of fuel tank 48; reduce the overall dimensions ofthe
general-purpose engine and consequently the dimensions of
the work machine; enhance the ease of mounting and the
appearance of the general-purpose engine, thereby improv-
ing product quality; and improve safety while taking into
consideration the leakage of fuel vapor, damage to the
pipelines, etc.

Referring again to FIG. 2, one end of the purge pipeline
119 communicates with the introduction chamber 107, and
the other end connects to a connecting tube portion 355 that
is integral with the pipe 35 of the intake pipe 23 in the intake
system 21.

Referring again to FIG. 3, a filter case 93 equipped with
a filter 92 for filtering fuel within the fuel tank 48 mounts on
the base of the lower tank half 52 of the fuel tank 48. A fuel
hose 94 for guiding fuel to the carburetor 22 is connected to
the filter case 93.

In the canister 96, fuel vapor that has evaporated in the
fuel tank 48 when the engine is stopped feeds from the
charge pipeline 118 to the introduction chamber 107. Once
in the introduction chamber 107, the fuel vapor flows toward
the discharge chamber 116 via the grid portion 105a of the
first support member 1605, the filter 110, the first adsorbent
layer 108, the filter 112, the middle chamber 114, the filter
113, the second adsorbent layer 109, the filter 111, the grid
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portion 106a of the second support member 106, and the
filter 115. The first and second adsorbent layers 108 and 109
adsorb the fuel vapor.

When the engine is running, air introduced into the
discharge chamber 116 through the open-to-atmosphere hole
117 flows toward the intake pipe 23 via the filter 115, the
grid portion 106a of the second support member 106, the
filter 111, the second adsorbent layer 109, the filter 113, the
middle chamber 114, the filter 112, the first adsorbent layer
108, the filter 110, the grid portion 1054 of the first support
member 105, the introduction chamber 107, and the purge
pipeline 119. The fuel vapor that has desorbed from the first
and second adsorbent layers 108 and 109 is guided to the
intake pipe 23 side accompanied by the air.

In this way, the interior of the casing 98 of the canister 96
is divided into left and right portions by the partition wall
portion 994, and the fuel vapor or the air for accompanying
the fuel vapor flows sequentially through the first adsorbent
layer 108 on one side of the partition wall portion 994 and
the second adsorbent layer 109 on the other side of the
partition wall portion 994. Therefore, it is possible to
increase the adsorption length while keeping the casing 98
compact, thus improving adsorption efficiency.

Operation of the invention according to the embodiment
described above will now be explained. The housing recess
95, recessed toward the interior of the fuel tank 48, is formed
in the base of the fuel tank 48, and the canister 96 is housed
in the housing recess 95. Therefore, the canister 96 may be
arranged within the general-purpose engine while avoiding
any increase in the overall dimensions of the general-
purpose engine. Moreover, placement of canister 96 within
housing recess 95 greatly reduces the possibility of an
external impact to the canister 96.

Further, the fuel tank 48 is disposed above the crankcase
12 of the engine main body 11. Hence, the hole 117 within
the casing 98 of the canister 96, providing communication
between the interior and exterior of canister 96, opens
downward toward the crankcase 12. Therefore, the engine
main body 11 covers the area around hole 117 and improves
the durability of the canister 96 by reducing the amount of
dirt and moisture drawn into the canister 96 through hole
117.

Further, the external communication passage 80 of the
tank cap 64 provides communication between the interior
and exterior of tank cap 64. The one-way valve 86 also
opens allowing communication between the external com-
munication passage 80 and the interior of fuel tank 48 when
the pressure within the fuel tank 48 is lower than the external
pressure. Therefore, even when air flow resistance through
the charge pipeline 118, canister 96, and intake system 21
increases due to the adsorption of fuel vapor or residing
impurities in the canister 96, operation of the one-way valve
86 prevents the pressure within the fuel tank 48 from
becoming negative, which provides a smooth supply of fuel
from the fuel tank 48, even when the fuel level within the
fuel tank 48 decreases.

Although a preferred embodiment of the present invention
has been described in detail, the present invention is not
limited to the embodiment and can be modified in a variety
of ways without departing from the spirit and scope of the
present invention.

What is claimed is:

1. A general-purpose engine comprising:

an engine main body;

a fuel tank;

a canister which adsorbs fuel vapor evaporated within the

fuel tank;
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an intake system communicating with the engine main
body, wherein fuel vapor desorbed from the canister is
guided to the intake system;

a housing recess formed in a base of the fuel tank, the
housing recess being recessed toward an interior of the
fuel tank and housing the canister; and

a charge pipeline extending through the interior of the fuel
tank for conveying fuel vapor from the fuel tank to the
canister.

2. The engine according to claim 1, wherein the fuel tank
is disposed above an engine component forming a part of the
engine main body, the canister having an open-to-atmo-
sphere hole provided in a casing of the canister which opens
toward the engine component and provides communication
between an interior and exterior of the casing.

3. The engine according to claim 1, the engine further
comprising:

a tank cap securably affixed to the fuel tank comprising:

a one-way valve; ‘
an external communication passage; and
a fuel vapor passage,

wherein the one-way valve opens when an external pres-
sure of the fuel tank exceeds an internal pressure of the
fuel tank,

wherein the external communication passage provides
communication between an exterior and the interior of
the fuel tank when the one-way valve opens,

wherein the fuel vapor passage provides communication
between the interior of the fuel tank and the charge
pipeline, and

wherein the charge pipeline provides communication
between the fuel vapor passage and the canister.

4. The engine according to claim 3, wherein the charge

pipeline comprises a plurality of pipes.

5. The engine according to claim 4, wherein the plurality
of pipes are formed from an elastomeric material.
6. The engine according to claim 5, wherein the canister
is internally partitioned and increases a flow distance of any
fuel vapor traveling through the canister from a canister inlet
to an open-to-atmosphere hole communicating with the
canister exterior.
7. The engine according to claim 2, the engine further
comprising:
a tank cap securably affixed to the fuel tank comprising a
one-way valve and an external communication passage,

wherein the one-way valve opens when an external pres-
sure of the fuel tank exceeds an internal pressure of the
fuel tank, .

wherein the external communication passage provides
communication between an exterior and the interior of
the fuel tank when the one-way valve opens,

wherein the tank cap integrally includes a fuel vapor
passage providing communication between the interior
of the fuel tank and the charge pipeline, and

wherein the charge pipeline provides communication
between the fuel vapor passage and the canister.

8. The engine according to claim 7, wherein the charge

pipeline comprises a plurality of pipes.

9. The engine according to claim 8, wherein the plurality
of pipes are formed from an elastomeric material.

10. The engine according to claim 9, wherein the canister
is internally partitioned and increases a flow distance of any
fuel vapor traveling through the canister from a canister inlet
to an open-to-atmosphere hole communicating with the
canister exterior.
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EXHIBIT

Specification / g

L. Title of the Invention

POWER CULTIVATOR
2, Scope of Patent Claims

A power gultivator comprising a configuration such that englne cylinders are ilted
toward & bagk side, o fuel tank is srianged abovea ¢iank case while an auxiliary device such
g an pir cleansr op the like is arranged above the oylinders, and the oylinders are digposed in
frout of a transmission case and aboye & eultivating rotor.
k3 Detailed Description of the Invention

The present invention relates lo & power cultivator that iimproves stability and
cu!tlva{ing capacliy by lowering & venter of gravity,

Tt is nécessary o consider making as large a5 possible an olterinost: mdms ofa
cultivating rotor and the like mounted to an axle on a compact power cultivator that
implements eultivation work on agricaltural land, and ta implément stahie cnltivation work
by lowering & centér of gravity of & main unit. However, these conditions are contradictory;
satisfying both conditions is an. extremely difficult problem,

FiG. 4 iy a schematic side view showing s conventional cultivator, more specifically,
# vertical engine-type power cultivator. To provide more cxplanstion of the general
configuration, a power sultivator indicated by the symbol 40 hag a body frame {engine bed)
4154 vertical englne 42 iy mounted thergabove, whidh is composed of s crank case 422 and a
eylinder 426 integruted above that, Still farther above, mote specifically above the cylinder
426, 4 fueltank 43 ¥ disposed.

Conversely, at a'back end of the body frame 41, a long horizontal fransmission case
44 ig integtated; a handle 46 is supported at an upper part of the trangmission case 44 by a
handle support post 45, while a cultivating rotor 48 is supported ata lower part, for example,

AHGROO7AC0



Case #24P $59:59577A

by anaxle 47. A coupler 49 is further disposed at a back side, where 4 resistance rod 50, tor
example, is pivotably supported during cultivating.

Morcover, auxiliary devicés suctoas anair cleaner 51, or o muffleror the like (not
shown) are disposed in-a spack between the engine 42 and the transmission case 44
Futthermore, rotation o the enging 42 und the lragsmission case 44 {s transmitied by in
endless belt 54 trained around pulleys 52 and 53, ,

‘Therefore, pursuant jo the configuration described above, the engine 42 i disposed
farthek to the fiont side than a-cultivating rotor 48. Moreover, the height tends{o be

incrensed and the center of gravily is positioned toward the front. This configuration does not.

adequately sarisfy a condition to attain stable cultivating work, as described above.

To improve o thess points, anobjeet of the present invention is t6. provide a power
cultivator that Towers dis center of gravity by rationally implementing shapes nisd
configurations of edch part, thereby Implementing stable cultivating work, as well as ot
attowing uncultivated areas or the like by blasing the center of gravity sbove the culiivating
rotor,

1 order to atialn the sforementioned object, engine nylinders ave tilied foward a batk
side, for the main configuration, and a fuel tank is mounted above a crank case. Moreover,
an suxiliory device such an air cleaner, a muffler, or the like is disposed above the cylinders,
‘while the cylinders ave disposed in front of g transmission case and above s cultivating rotor.

A preferred embodiment of the present inyention will now be deseribed with
reference to FIGS. 110 3, _

FIG. Uis a side view of a powersultivitor according to the present invention; FIG. 2
is & sectionel view of Hine 22 shown fn FIG. 3, showing & detall of an engine, auxiliary
devices, and u fiel tank; and FIG. 3 jsa back side view df the positions shown in FIG. 2.

A power sultivator indicated by the symbol 1 includes a bady frame (engine hed) 2
and an-enging 3 is mounted on 2 top front side thereof. The engine 3 s equipped with a crank
case 3a fastened on top of the bpdy frame 2, and is equipped at the top back side thereof with
ant integrated cylinder 3b, tilted toward the back side. Moreover, o fuel tank 4 is dispoged on
a top portion of the crank case 3n, gid auxiliary devices 7, such as an aivcleanor §, mufller o,
and the like are disposed abovethe cylinder 3b, a8 shown in FIG. 3.

Puorsuant to this configuration, the fusl 1k 4 is disposed onthe top front side, the
crank case 3a is disposed an the bottom front side, the auxiliary devices 7 are disposed on the
back top side, and the eylindey 3b is digposed on the back hottom side, as shown from the
side in FIG. 1. This enables & compact design without wasted space. When compared 10 the
power cultivator 40 showst in F1G. 4 as an example of the conventional techriology, the
power cultivator 40, which has subistantially the same-performance of each part, capacity, and
the like, has an overall height 11 (virtwal linc in FIG. 1), while ori the other hand, the power
cultivator | has anoverall height Hy that s lower than Hy, making the center of gravity lower
ty that amount. o

Muteaver, hecaise eylinder 3b is tilted toward the-back side as shown in FI1G. 2, 2
eylinder head 11 equipped with valves B, 2 rockerarm 9, 2 spark plug 10, and the tke
projests toward the back side. Moreover, ¢am 12 and pushwrod 13 are positioned below the
eylinder 3b.. Furthetinore; consideration was given to exteémal contours of fine parts and the
like to allow space to be used effectively.

Maoteover, as shown in FIG. 3, the aic oleaner S and the muffler 6 disposed dbove the
eylinder 3b are-arranged in line, but ate atranged to be disposed on both sides; Furtheenore,
in consideration of protecling against lwat, wn exhaust pipe 14 and an air intake pipo 15 are
disposed blased to one side, and » carburetor 16 is disposed at a back side of the wylingder b,
below the cleanier 5.

ARGX0007401
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Conversely. as showiy in FIG, 1, a long horizantal transmilssion case 17 {8 inteprated
ton backstde of the hody fraive 2, and the cylinder 36 is disposed dirgetly In front of this
transmission case 17. Atan upperend of the transmisgion case 17, the handle 13 1s supported
by ahandle support post 18, and sta lowerend, a culfivating rotor 21 is supported by an axle
20, A voupler 22 is further disposed at a back side, where ¢ resistence rod 23, for example, is
pivotably supported during cultivating,

Morgaver, Totation Is transmitted atan engine 3 side und a transmission case 17 side
by an endlesg belt 26 teained respedtively around a drive pulley 24 and a follower pulley 25,
with an auxiliary palley 27 disposed thersbeween,

Howaver; the cylinder 3b described sbove is tilted to the back side, and as a result, 3
comparatively heavy eylinder 3 iz positloned abave the cultivating rotor 21, as shown in
FIG. 1, More specifically, by fitting the back side cylinder 3b farther back than the vertical
1ine X that pawses through the outermost radivy side of the cultivating rotor 21, as shown in
FI1G. 1, the center of gravity is shifted by that amount, effectively adding the weight to the
coltivating rotor 21. Ttis clear that the cylinder 42b is disposed farther to the front than the.
vertical line X dn the conventional example shown in FIG. 4,

Morgover, the numeral 28, which doss not requite any special desoription in I 2,
denotes a piston; 29 denptes a crank shaft; and 30 denotes an air cleaner clemval,

As is cledr from the description above, the power cultivator pursusnt w this present
invention implements stable cultivating work by effectively lowering the center of gravity
with a rational layout configuration for each past.

Morsover, by placing the center of gravity to the back side, in other words, by
effectively placing weight over the cultivating rotots, the center of gravity is biased to the
back side, and uncultivated land aroas and the like are reduoed

Fuitherinore, the auxiliary devices, vepresented by alr exhaust and intake systems, are
fit above or near (he eylinder, which effectively cools them, and prevents grroncooy
temperature rises of the carburetor and the Tike, for example, Additionally, the overall
configuration ¢an be made pompact, soit is posstble 1o provide 4 power cultivetor thut has the
conveniences of an excellent product with a beautifill design,

4. Brief Description of the Drawings v

FIG. 1 i u side view of n power eultivator according to the present invention; FIG. 2
{5 & scetionsl side view of line 22 in FIG, 3 showing o detui) of an engine, auxitiary devices,
and u Tuel Lank; FIG, 3 1s @ back side view of the positions shown in FIG. 2; and FIG. 4 isa
schematie side view of & powes cultivator accarding to coniventional technology.

In the drawlngs, 3 denotes an engine; 3a denotes a crank cose: 3b denotes a cylindsr
4 denotes » fuel tank; 5 denotes an alr cleaner; 7 denotes guxiffary gystems; 17 devotes a
tranutnission sageyand 21 denples A pultivating rotor.

Patentapplicant Hotida Motor Co., 1.

Representative aitorney Tenichiro SHIMODA, attorney
Samie Kunihiko QOHASHI, sttotney
Same Yui KOYAMA, attorey:
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[FIG. 1]

[F1G. 2]
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(54) POWER DRIVEN TILLING MACHINE
{§7)Abstract:

PURPOSE: To lower the center of gravity of a
pawer-driven tilling machine for agnculture by a
methiod wherein, an cagint eylinder, slanted
baekward, is located in front of a transmission
case and above a filling rollec, an auxiliary
system is situated thoreabove, and a fuel tank is
pogitioned on a crank case:

CONSTITUTION: Ancnging cylinder 3b,

. ’wa“k slanted backward, ig positioned in front of &

i | transmission case 17 and above s nllwg roller 21,
Further, ansuxiliary systein 7 constxtmg of an air
cleaner 5, mufﬂar 6:and the Itkc, is bc" & above

is g

Fi i Bt TR ST R NN LSRRG TR 0 s A R K BN T B R ok AR e KSR, B P LR A R e AT
LEGAL STATUS
{Date of request for examination]



{Dute of sending the éxaminer's decision of
T6jestion]

[Kind of final disposal of upplioation other
than the cxaininer’s decision of vejection of
application converted registration]

[Daies of final dizposat for application]
[Patent number]

[Date of registration]

[Number of appeal against exarniner's
desigion of rejection]

[Date of reyuesting appeal against
examiner’s decision of rejection]

[Date-ol extinction of right]

X-7



it W

® BRERKEST (P OHYHELM
LM IFAR W E59-59577
Olnt, C1.F WIUEH  TAREES T
B D B g ’?”‘ém..g?) QL0 EReE(BOLHsE
A 01 B 3302 719628 RHOM 1
FozB 61/00 N3G TARR #
67/00 719136
2 ¢
DA RNEAEF 2 § 21 ~408
_ ®R B ¥ FUVER
of B Rs7-1%022 BT FHARTO—13
Oth W FE57€1982) 9 AE Dt | A REHETRERS
QR B F WIEX ERBHRGERa e THIE

WD 5 — 9303
SR B x bHRK

2 B L

LR W

B aera
MU RORN

AyPUNY I rERTHHLte, 42
wEEwx PREHS VIR MRV Y ALk
ﬁm$7ﬁ9”?ﬂ”ﬂ%¥¥ﬁﬂ1§&£§
K, MR YT ray e~ 20gN,
AaMin~2H LHKEETAL S CRRL
L ERBRETARDEER
X S SRR RN

ERURROCY TUERBAUAERD R
LERLHAHERLET bo

uﬂﬁﬂwﬁﬁﬁﬁwﬁﬁ$ﬂﬁﬁﬁ$&%
KRTHEMEANE S8 E0 -2 80 KAS
ﬁ%&mm%cfaann.tﬁwl&w?ﬂ
LRLEABDR YUV RETIARETS
SLRMTAN, SAGOKEMBEET DN

%sﬂ#ﬁﬁxﬂﬁé%%a&ﬁﬁﬁtﬁﬁﬂ

PR hDa

8%
B M A HH4 THRE-R  H2%

BASGCERESEEBLOHGER. Dh. 8
B e ¢ e ENE ORI R R R TR N
THT. PORBERCSV TR eRL & 5.
FEL 0 OREANBHRIBELREK IV - &
AP RER FALEN L, TRRLBE ST
vy x 3 GREED LB -REL 1YY
IFTRBEL T £ T FPRASEES T N

ERCOLE, WHVU Y E4IBEKRNSY

2AINRBRET Lo

W, BHEZ v bt POERBIERRI L
yorm oo R AR R R L Rk
oy PAEELSERL LAy Va8, T
MERRME T TR LTRAENEY ~ 7 4 8.0
EWERSEHK, BRERRLABB LN
L WKV HEFORE RS DHRBEY ERE

R, MBIy 9 ¥4 2L L2 rn sy Xi4
0mnﬂ4*xmﬁa1§ﬂ~vst.av&m
ERAKG e 2o WORNRROREED, K
PR TIPR N S NI R B R R
FIAVSIKRMABLEMA S T AN TH

X-8



& AERED,
LSO, ERTASRBTCATEe~ 7 4 §
L5 M rw kP RREAN, L b, K

BERBLAGOIMOLLT  RLPREHTHER L.

MRALLNARTLCABEWBRET B fty
THRE ST SEER|D LTV,

ERARM O LA LG ET S L 0. R d
MM RECRBET DL LR T ROEFW.
Lot EBBEaE s bt L ns LA W
K, BLxBED ~ 6 EXRHBRELSE L
Y RgssgelavBhdbBolgv Bl
I oF 3

WEWILY LOBHE RSB L B FOXEL

R TARGE Ty S U VPR SHH

G, FEYVILF X LRBRS AL,
. BBy I vk BRer st AP
SHOBMBELEBTEEEER, pLy vy
KU F VR ANHY . RORE - OR
BEEMI Tt b ERET D

WA ARH TN REGL IR n

e, ABOSHE. BESYEBCKMEL K
FLTHEMA DDA EHN I REDS )T
DALY L AREE T DR HE B wHE
e, OB ELEIENRNSE £ B

L. WEIEOWC % ) » 2 3@ H~AH
ThupaAndB, ey nY sl AKTIY
3 IR MA B 28 sd VUTREY~2HE
L. RB A1 S, Fowsay Y aNey v
IHOTFTIRER LY, $K, EMOANH
HEURBI A<= AFHMECEDLIURE
B LS

e, BIWDWML DYy HI B0 EHERR
L e T g h—d ERGY7 I EBATLRTD
Anstmr Mo ER. KehEw i, &

ﬂ@lﬁﬂﬂﬁ@#ﬂbfﬁﬁﬁ?%ﬁtﬁ&ﬁs

Py —FSOTHEREIY P £ T hORNFLR
AvFr It EEEBL L,

LG, BiROmCAKY V=420 88K
HNB i rav ey Sa) Ty ~hkOHLBIT,

Nl Yy rABRED LYy Y ey r =AY TR

CHMYKIBAERIRYE AL CHERENT
L
HIURFEAMCRL2BIUBRON RS, K
IR Y WMABRTARD » 7 e RMX
ATBIRRZ - 2 HMUMWY, HIRITW2
BWERTHROREETH S
FHLCHRERE R R EREISRE T L
Frgw-t9 ) P eHL, LoMLEe s P
FINKERTAH, 2V rioaRKEEr V-
TENBERBR ARG LS vEF 2 Y, LO
B LBALBE~HE L T—® L) ¥ A3
EWAL D, BLT, PP P o= ¥a BLBE
AR I PAERBTALLAN, 29w A3h
HBEHBEBBIBOML LT 2 Y §, w75
EHEOREET B 5

HECID FTHOGH RETHLIOCBE
AUl RMTFRBR A G r- i s, LB

X-9

ERERT . BETER Y v I 0o RRIR.

MDD kot e AHFW L F Uy PR LB,
PRt TRELAB(NOBEN L0 LML

KRB MELECERG B TSPy
AL TOEBRE AP FalEl 828 L L
FPalISREYGA, 5. TRERK®20
AL TREr~F L IMNERIH, BrERE
ﬁlkﬁiﬁkﬁiymiﬁﬁﬁmﬁ&ﬁn23
TR BT By
i&‘m9¢¥1ntiﬁyﬁerWX7u
BARABBZ =~ LRV KBT =) 75K 8Y
EuhaM~ay P L RUBRMKKLENNS
GITRIREIREINS «

Lo BT, KELREYYYEI DK RASEH
CLBEb, CHRR, KRUEROHSERY
Py FE LI BN KB~ 2LV DD
n&at&attw&,nt‘m;mﬁmfuﬁ
b J{ORAENBL AR ERX L ORY
Ny ESBTRERRY, C 0B ROPRE
n&n,aﬁmiéﬁﬁv~azinw%xmu
!fﬁmhaaamub,aaaaua*wum
FRRACETEAMMANX L) I
&42&%&!btv$:t#%%ﬂ&#f»%

#



%, BEMYBRKBERETLRLES LB
EAary, T9RI oy FeY P, JURET
U= uv s reREBL T Da

BLOBEBLEROPRIIE, SRACRD
SHREREEHEBREREE ATV ER
RS EOET U BHE TS LA CEERENR
BHEGREHTIL LA CE D,

2, BARRE, NE, WEY -0 LH~
HHERELLBBI AR EN RO ECWE
o F Qe B ER X VBV EDER I LT

BU I, BAERCRBEL S HHEW XY
YRS AOLBIVEBECRE LT RATRE, X
PR HPYGROE L SRHLE YN T s 0
AR ag L ABSe oL LELA, Ry
AT ERRTIEEHLES Iy
W l:&i(!"&fﬁ&&%ih?&%tuw.ﬁﬂﬁiﬁ
ROBEEELCIRBTE S
A HMBOWB LY

MiBRERGARASRIR BN ARW,

RzBlusy oy, HBRREBN I 22 0N

X-10

- HmWss- 59507(a)
BMERTRIBEZ - LHMERES. B
BoRe Ry SEOFEN, BIBRE KUY
EWHRERYFTHNREIR CL S,

MEED, I8 XYooV, A0S uvdo-—
2, YBRLYPELAGRR 4, ST
Zhed, THRBR, 1 THIPVEPH -,
TAiMBES - 2 CH B,

% 0o A RBIE T Rel
g Axai T @ &N

B #wi X & 0B 8

L E #

w1 |




6 &

W R
Ml
2

W4 MW

X-11

WBNSY- 59577 Ca )




PAGES Y-1to Y-4

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



PAGES Z-1 to Z-6

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

BRIGGS & STRATTON CORPORATION

Opposer,
Vs.

HONDA GIKEN KOGYO KABUSHIKI KAISHA,

Applicant.

KOHLER CO.

Opposer,
Vs.

HONDA GIKEN KOGYO KABUSHIKI KAISHA,

Applicant.

United States Patent and Trademark Office
Trademark Trial and Appeal Board

P.O. Box 1451

Alexandria, Virginia 22313-1451

e N N N e N N N N e N I N G N N s

Opposition No. 91200832 (Parent)

Opposition No. 91200146

OPPOSERS’ SIXTH NOTICE OF RELIANCE

(REDACTED - PUBLIC VERSION)

PART 3

Exhibits AA to GG

WHD/11654605.1



PAGES AA-1to AA-4

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



PAGES BB-1 to BB-6

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



PAGES CC-1 to CC-12

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



PAGES DD-1 to DD-6

CONFIDENTIAL
ATTORNEYS" EYES ONLY
EXHIBIT

FILED UNDER SEAL



L e A, 5 LR T SR P L e R T

R AL Bt 1 aS SR U S ISR P S R R S

| QRS

v/yém$xup@1umw,mmﬁ#m
EE%@L%&&L%M%W@%@k%WT\%

HERAR BTSSR B LRk, Y Faoi—

E Y2 Ay FIoh LTI BT AR
iz, IS 7%82T0 05 -XEXI VD
EHCBBLTEDIS Yy 7 r—2Ey ) ¥

KEREBLTY I v ¥~ FOBRAD LT 5L

iz, PYUYANYFPIY LG T Y —F %S
TS OEHCRBLTH Y T— 5 LR
Ly ALYy YNy PR ECZT 2 Y~
el 7 s RBEBLTY Y v~ POl

AOEEHT B L EDT, Y IV I~YFS
K~V Fh—k Y ETET 7Y —FETTT

RERWEACCEEL, LEBHS Y 7LxT

Y —F w7 FTOELHFEREHA B EHI

D5 r—R037 5 g AU EE
R=N %@ﬁﬂ%®77/hh*®%ME%Aﬁ§

Em&mﬂutmﬁﬂy/a s kYT —¥

L TIU- f&vv77%%&ﬁ*%tmmﬁﬁﬁ

M
SO
FEI RIS, KRR ONEEEEOT

e LT R SPGB 3,

DMOPISIERAE « BRTHZXP VTR

10

15

20

| @ax@%ﬁ um _
CeEAFEAH (Y2) . IE63-32344
@int.CLe WA FAEEES @@/t - HEGHF(190) 8 298
.F 02 B. 67/00 Z—6624—3G :
. : ' (&4 7)
@EROEH - JUPIEE . g .
WEEECRES O B msT-53219 | @2, B Mi5E— 156123
o @ B FE57(1982) 4 138 @HR58(1983)10A 18H
@% ® & 0O % & %Ek%@ﬁﬁki8~m~w~m8
@ £ £ MNEH . R BER/IMHET2 ~20-26
O B A 'KE&EI##&AE %ﬂﬂ%Kﬁ%&ZTEl%l%
O B A AEL BH ®
L EE B KRR R & o .
@& ECH 5B mEs6—66031 (J-P, U) SR2% - FE38—15601 (J P, Y1)
0. S48 FRAT—24184 (J'P, Y1) S
: ’ ‘. 1 . 2
QR B O s SHREABIICNIETE 5 i, FAR

BT EIEET b PRI TV v YT
M, 7 23 27 IR ERALIAEORD
OFEWA . ML « RUEoE,SEL B
BB HR DUBFEANNER THE 2 & bIE
Th Do B EMAMED L L Tid, HEE
DY - L - Bl =T S Y —F c AATT
AR S AV Ab—Feavy oS-

A YTV~ BEEEOER. BU 7Y

PeRBEES - ER P VYL T Y HK
BRSO RTINS B,
FERGNARGEREC S O TLEL LROE
HERMRETE 2PMBRERS a%@mt¢
E)o )
ARSI BT, YU VY EATL D
P LY 5 2 ik DBBELEOB I 2ESL
TABMEL ERIROREE B2l bD2tdh 5, &
b Fiov U v IMEM L T BRI TCE SR
RO ME FARRAORHRARE s B S
T3H0T, BElCRTLIICITVIr—X 1
EVN U2 REITERS N, YUY 2K
& 90 LICERL TV 3, £OT Y20
LREEE 1Y Vv Y F 3 OREICRESR
4 LR 5 £ UNTHATICTRL, X LRy

25 YU~y FI3OEHERICEKRTIIe 2

1 A R TTORFCRTT TV %, €L T

AHGX0061132



L7 AL Z R FACAY

. 8
_mﬁﬁ#ﬁuvﬁ7~A7%a5&wFﬁAm8
BV VY UTAY F I LB K R b T

@

EE-2

1 M ERNANLAINRL T IR R W T T I R ey g,
. T 3 5 = SHDNIACRS S

LS

'

PPt 6 B, EOF D

EBLITMATY B, ~Y Farri— B REICH -

WL f2oRn Pl k> CEEI NS,
BN S8R ITY IR A YU

DIFCEBEL AF—10 (5 I TFLERY

ibz’a“:ﬁl“ﬁil,'fh%) Z#fLTIIv -2t d

u/yaufnfnfwr11r@%Lrﬁﬁ*

. LT“‘%O

EIE . %3@kr#xok\
2%/U/y«/b3®~Mk&ELT/U/¥
~Y F 3 ORI 3 AL, YU VS K
3LV ETEDFYIL—F 120 EHceT Y
Y- S 13 EMELTHFF L= 1 2 Ll
T3, S, =7 2 ) —F 13 &z
CREAE 1 4 E—RICTEIR L, CORSRE1 4%
T 7Y~ FITAF AL TN B, LEDR
S 42F Y Fr—5 1 2IEHET B
'5%LELTV9/#NVP3khLL@uEk
&U*TVV“QI2&I79U*¢I3%ﬁW
(PEZLTLBA,
U~f13®mﬁwﬁLkﬁﬁu&m .
fLr/uJy«Jhagaxrx7ou~¢
IB&&WM&???I&%@ELTVU/#«
;JrawWﬁuaBumﬁEIT%ﬁLrﬁﬂL
T %o .
_ @¢lamexr/,1sma7/am,zo
A adh 2 TEIRY R 2 209‘.7"),/:1-1:: v
.F;23m7?/w»~\2wuaaya#~x
i”*”"‘%j‘#o i '
L%WH&/99&1750~%13&777
1 B &Lk, WA LRSI bmTd, X
LISV Y A NDYGy JRIRHE (75
L= A0 2 4 O, R SDEETE, €

DEND 77 v J73 -2 8 DI SLEE

BBy, FERBEY V29 c ¥ L—% 1
-2'i799~%13&0v7716%%ﬁﬁ*
CHTWVS;

?7V &f

#?7V 912K0i79>

10

'M?J~726T$?9U %13kﬁ%*ﬂf

‘l\éo !
%0197/051AM@%27'UVﬁ?“
LEGA « TY—YF P25« F2 726

EETCRT Y -1 JTEET 3, 2817Y

u%ﬂkj‘zs,SOMMﬁLnfﬁéo

K%%mmﬂ%ﬁ%mtﬁwiokme$9

2P HENTOEY I 52 . /u/y«vr

C3RHLL ~Y F?’JAMB %Eﬁ?ﬁ?ﬁﬁh%ﬂ%f’
,%%&OkLtmb\«/FﬁA“B%ﬂ?m&

A I 63-3234

-

SR Bt AT BT D R B R

CTH Ny N, W 4, SAAOTISE.

15

20 %

HENTUBR S, &= b HORBIETF A
EROTOCIAY FBEEREHTH D, &l
Yo F2 e YU FT~YFI e ~IFH—8%

HEOLICEBLAE L Bk 0. AR,

5%%@&LT7U*#A»728 KT

6 F¥ T U—% 1 2%y ) ¥ ¥~ Fllofi

ﬁkﬁ*L\fhbG%mwﬁﬁﬁ&Wﬁgf
Wﬂ?zosm‘fkam*nrwaa

'7/7# AN Y D EDAI

25

:b\M%mW&R/U/yAJIB FrSr—
'512%&%m@mnbkmﬂ¢a%‘y/os

'§<ﬂ¢w§ﬁ&<rﬂﬁﬁ%u%MTséo
vy

#?7V~912&U77716m\
N/b3®WWk%ﬂ%ﬂEEin?7U—T
13@#*7V YIZWLﬁkEELt#b\
%nb(DﬁBnnl 2, 13, 1 GGiEG*L.:F?}i“y‘V

'wt&<@kK%%T%T\Tﬁ%%®ﬁ¥ﬁ&

30

W%%ﬁ%??%%%@$éo N '
%ﬂyzasumﬁwxakayxa&mzl

ftﬁﬂtrwaxv/yzmrﬁk\x7avw

e S R

ﬁkf7#ébﬁ%ﬁ&@%@%ﬁ%ﬁ%k?'

67‘\.&){»\ %'2 @ILH"’?'J‘.') k..:t'}"? ,’)"‘L‘}A 1 3
L7 5 16 OREETRGCH  EET B

40

TN -3 13 WMEBRBEELYVY Y

v TEBAA-1 3B

PN A Z MG E 2 AW Bhat 0T 1)

F13RFR7 T 16 %Y V¥~V F3D LY
RENENEELT, TALEI TV P52 1

2.7 JUREEE ECERT L« O
DT T H 2 3 OSHIEE ST IEET & R

ISR S 2 & S RWUB S Elehr by 2T 00—
9/?2-VU/Y«}F v«JFh
A B DLHi, BTS20 2T I Y]
37516 RTHRBYKE 2AHRA~—2
BEOTHET D &4TE, sV o0 .
TPIY—F+18 2751 6DBERETLA
7 MIEBBTE THY 1 VIt RIFTH 5,

AHGX0061133



EE-3

HE R e B o e D B o S O e R A R S X P o B O SR 0 I i YRR RSN

@ - . A IR 63-32344 |
L5 R 6 , |
- EEOmEcHE . L TS THEY AT —b, FRAY PR

?Ilﬂtii»%ﬁiﬁiﬁ'ﬁ@@@ﬁﬂﬁﬁﬁ@\ ﬁ"?@ SRS V7 123% Y Tr=y, 131=x

CLOUTRY, 55 3 Bl — AT, L TIY-F TARBSE, 16T 1T
T~ 2@ Vv s, 3E¥Y REERE. 18WER by, 10077024

VHNYFL AWESTH, 5 WP SRk 5 .

g2 .
9.

AHGX0061134



EE-4

R A A T B Yt R T e I A S S e e e AR e S T T Y R - 2RER

FOORRGIAGIR L B ran d Cph i S TRE RN SRS O
MR .1}}’..- RERRA PR PN 4

@ A N e

/34

o

i}

1A

AHGX0061135



D 2Bl PR 1T L e T e S e o . a
# .\*((. g w8 kN «( !_”‘h_\}_s:a:‘\..'i,?.v:ri,:,_\m‘r;:..\':gﬁm\_\mb:h‘ Moo r2my ok PRI > m—

(19) Patent Office (12) Officlal Gazette for Examined - {11) Examined Utitity Model
of Japan (JP) UM Application Publication (Y2) Application Publication
No. 563-32344
{24){44) Publication Date:
August 29, 1988

(51) Int. CL* iD No. Internal Ref. No.
FO2B 67/00 Z-6624-3G

Total Number of Pages in the Original: 4

(54) Title of the Innovation: GENERAL«PURPOSE INTERNAL COMBUSTION ENGINE
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(57} Claims:

A general-purpose internal combustion engine with a cylinder inclined slightly
upward from the horizontal direction and with intake and exhaust valve system in
an overhead arrangement, characterized in that said intake and exhaust valve
system is supported in a substantially horizontal position, said engine further
comprising: a head cover that is removably installed in a substantially horizontal
position relative to said cylmder head; a fuel tank that is located above said
crankcase and cylinder and is supported by said crankcase and cylinder; a
carburetor located on one side of said cylinder head and'is connected to a-
suction port of the cylinder head; an air cleaner located above said cylinder head
and over said carburetor and is connected to the latter; a muffler that is also
positioned above said cylinder head but on the side thereof opposite to said air
cleaner and that is connected to an exhaust port of said cylinder head, whereby
the air cleaner and the muffler are located above the cylinder head and the head
cover.and on the left and right sides thereof, respectively; the upper surfaces of
the fuel tank, air cleaner, and muffler are arranged to be substantially flush with
one another; and the fuel tank, carburetor, air cleaner, and muffler-are arranged
substantidlly between a vertical surface that includes a crankshaft protrusion
surface of the crankcase and a vertical surface that includes an outer surface of
a fan cover located on the opposite side.
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Detailed Descrlptlon of the Innovation

This model is related to general purpose internal combustlon engines that are
used as sources of power for agricultural work, civil engineering work; and other
work of all kinds. Internal combustion engines of this kind are not only compact
and lightweight, but also adaptable to a wide variety of applications. For example,
such engines needs to have a common main body, but can be equipped with
different crankshafts, air cleaners, mufflers, or other equipments suited to the
particular use. Further, such engines needs to allow for easy maintenance and
care of different engine parts as made necessary by different environments and
conditions of use. Specific items for periodic inspection include: inspection,
replenishing, and change of lubricants; cleaning of air cléaners, spark plugs, fuel
tanks, strainers, contact breakers, carburetors, and combustion chambers; and
replacement and adjustment of tappets, intake and exhaust valves, piston rings,
cylinders, ignition timing, and so on. :

The purpose of this model is to provide an internal combustion engine that fulfills

‘the above requirements necessary for general purpose internal combustion
- engines.

There is a general.purpose internal combustion engines in which the cylinder is

tilted slightly upward from the horizontal direction to reduce the height of the
engine, thereby downsizing the engine and stabilizing the engine during use.
This model is also based on a general purpose internal combustion engine
format that has cylinders angled in this way, and intake and exhaust.valves in an
overhead arrangement. As shown in the drawings, the crankcase 1 and-cylinder
2 are formed as a single body, with the cylinder 2 angled slightly upward from the
horizontal direction. The surface of the upper end of the cylinder 2 is covered by
the fop.surface of the cylinder head 3, on which the intake valve 4 and exhaust
valve 5 are located side by side and supported substantially horizontally, and on

- which the spark plug 6 is also attached at an angle that makes it substantially

parallel to the angle of the cylinder. The head cover 8, which covers the rocker
arm 7 for the intake -and exhaust valves, is detachably connected in a

substantially horizontal-manner with respect to cylinder head 3. The head cover |

8 is fixed in place by bolts that are omitted from the figure.

The fuel tank 9 is placed above the crankcase 1 and cylinder, and is fixed in
place and supportedly connected by bolt 11 to the crankcase 1 and cylinder 2
through a stay 10 (which is also used as a protective plate over the surface of the

bottom half of the tank).

As shown in Figs. 2 and 3, the carburetor 12, which is positioned to one s:de of
the cylinder head 3, mterconnects with intake port 3A on cylinder head 3, while
the air cleaner 13, which is positionied over the carburetor 12 above the cylinder
head 3, interconnects with the carburetor 12. An embodiment has the air cleaner

AHGX0061137



13 and elbow-shaped intake pipe 14 formed as a single body, and the intake pipe
14 is also used as an air cleaner mounting stay. The bolt 15 that fixes the intake
pipe 14 in place onto the carburetor 12 is lengthened so that it screws into the
cylinder head 3, thereby fastening both the carburetor 12 and the air cleaner 13
in place together, but this does not suggest any limitation on the mounting
structure of the carburetor 12 and air cleaner 13.

The muffler 16, which is. positioned above the cylinder head 3 and on the
opposite side of the cylinder head 3 from the air cleaner 13, interconnects with
the exhaust port 3B on the cylinder head 3 by means of an exhaust pipe 17.

Reference numeral 18 in the drawings indicates the piston, 19 the crankshaft, 20
the camshaft, 21 the tappet, 22 the pushrod, 23 the fan cover, and 24 the

crankcase cover.

The upper surfaces of the fuel tank 9, air cleaner 13, and muffler 16 noted above
are arranged at substantially the same height. The fuel tank 9, carburetor 12, air
cleaner 13, and muffler 16 are positioned substantially between the vertical
surface that includes the crankshaft protrusion surface (the outer surface of the
crankcase cover 24) of the crankcase 1 and the vertical surface that includes the
outer surface of the fan cover 23 located on the opposite side.

Some space can be left opeh between the air cleaner 13 and the muffler 16, as
shown in Fig. 2, so that removal of the spark plug 6 for cleaning and replacement

can be made easier.

The air cleaner 13 is constructed to utilize oil-soaked urethane foam as the filter
material 13A and draw in air from the opening 13B on the lower surface of the air
cleaner 13. The head cover 8 contains the breather chamber 25 which'is
coupled to the air cleaner 13 by means of the tube 26.

Consequently, the crankcase 1A is interconnected with the air cleaner 13 through
the passage 27, rocker arm 8A, breather chamber 25, and-tube 26. Reference
numeral 28 designates the breather valve, while 29 and 30 are oil return ports.

This general purpose internal combustion engine model is made with the head
cover 8 detachable in a substantially horizontal manner with respect to the

. cylinder 2 and cylinder head 3 that are angled somewhat upward from the

horizontal direction, as described above. Therefore, the tappet area is revealed
simply by removing the head cover 8, and because the intake and éxhaust
valves 4 and 5 are supported horizontally, the space in the tappet area extends
in a vertical direction such that tappet adjustment is made easier. - The -
arrangement of the cylinder 2, cylinder head 3, and head cover 8 as described
above means that the intake and exhaust valves 4 and 5, as well as the breather
valve 28, spark plug 6, carburetor 12 and other parts are clustered together on a
side surface on the cylinder head such that adjustment and inspection of those

EE-7
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parts are made easier. The fuel tank 9 is supported only by the crankcase 1 and
cylinder 2, which are formed as a single body, so that when other parts, such.as
the cylinder head 3 or the. carburetor 12, are removed for cleaning or other
purposes, it is not necessary to remove the tank 9; and those parts can be
attached or detached fast and easily. :

-

The carburetor 12 and muffler 16 are positioned on the respective sides of the
cylinder head 3, and the air cleaner 13 is positioned above the carburetor 12.
Therefore, those parts 12, 13, .and 16 can be detached and installed without

interfering with each other. This has the effect of making maintenance and
‘inspection work on the above-mentioned parts easy.

The fuel tank 9 is positioned above the crankcase 1 and the inclined cylinder 2,
as described above, and the air cleaner 13 and muffler 16 are both positioned
above the cylinder head 3. They are positioned in such a way that they fit
substantially between the vertical surface that includes the crankshatft protrusion
surface of the crankcase 1 and the vertical surface that includes the outer
surface of the fan cover 23 located on the opposite side. Thus, the fuel tank 9,
air cleaner 13, and muffler 16 can be positioned in a space having a volume as

_large as possible above the crankcase 1, cylinder 2, cylmder head 3, and head

cover 8. This is favorable from the design standpoint, since the aforementioned
three parts (the fuel tank 9, air cleaner 13, and muffler 16) can be arranged
compactly.

Brief description of the drawings

Fig 1 is'a front view in Ibngltudmal cross-section of this internal combustion

'englne model. Fig. 2 is a side view, and Fig. 3 is a transverse partially sectional

plan view.

1 is the crankcase, 2 the cylinder, 3 the cylinder head, 4 the intake valve, 5 the
exhaust valve, 6 the spark plug, 7 the rocker arm, 8 the head cover, 9 the fuel
tank, 12 the carburetor, 13 the air cleaner, 14 the intake pipe, 16 the mufﬂer 17
the exhaust pipe, 18 the piston, and 19 the crankshaft.
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