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(57) Dans ce groupe moteur-generatrice (10), la
generatrice (13) possede un premier arbre (25) entrainant
I"1nduit (27) ains1 qu’un second arbre (19) tributaire du
premier (25). Le second arbre (19) est couple au moteur
(11) et chacun des arbres (19, 25) est pourvu d un pignon
(21 et 23, respectivement) assurant une déemultiplication
"par paliers” dans le but de faire tourner la geéncratrice
(13) a 1800 tours/minute par exemple, le régime du
moteur ¢tant, quant a lui, supérieur a 1800 tr/min. Le
moteur (11) est couple, de preterence, a 1'arbre de
I"'induit de la génératrice (25) par un accouplement
torsionnel (17) destine€ a I"1soler des vibrations produites
par la geéncratrice (13).
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(57) In an engine-generator set (10), the generator (13)
has a first shaft (25) driving a generator armature (27)
and also has a second shaft (19) 1in spaced relationship to
the first shaft (25). The second shatt (19) 1s coupled to
the engine (11) and there 1s a respective gear (21 or 23)
on each of the shafts (19, 25) which provides a "step-
down" gear reduction for powering the generator (13) at,
e.g., 1800 rpm, where the engine speed 1s greater than
1800 rpm. Preferably, the engine (11) 1s coupled to the
generator armature shaft (25) through a torsional
coupling (17) for 1solating engine vibration from the
generator (13).




CA 02273152

WORLD INTELLECTUAL PROPERTY ORGANIZATION
international Bureau

1999-05-31

Y -
(1 T
Wiallt¥ive

R

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © :
F16H 1/02

Al

PCT/US97/22212

(21) International Application Number:

(22) International Filing Date: 2 December 1997 (02.12.97)

(30) Priority Data:

08/758,359 US

3 December 1996 (03.12.96)

(71) Applicant: GENERAC CORPORATION [US/US]; Highway
59 and Hillside Road, P.O. Box 8, Waukesha, WI 53187

(US).

| (72) Inventors: KERN, Robert, D.; W305 S4275 Brookhill Road,
Waukesha, WI 53188 (US). RUEHLOW, Gerald, C.: N69

W35896 Highway K, Oconomowoc, WI 53066 (US).

(74) Agent: SHUPE, Larry, L.; Jansson, Shupe, Bridge & Munger,
Ltd., 245 Main Street, Racine, WI 53403 (US).

“““

&
)
'l

)
AL

i

I
AN

. pverere-

il

Y

N

R

.
.
- —
P
M
- v
.
s
— "

NN

e —

NN

X

C:
A\

N ’
» 1
L] .

AN

N

N
\\&

RYRS

23

‘
L . . -
R

P

il

(57) Abstract

(11) International Publication Number: WO 98/25049 l

(43) International Publication Date:

11 June 1998 (11.06.98)

(81) Designated States: BR, CA, CN, JP, KR, MX, European patent
(AT, BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the |
claims and to be republished in the event of the receipt of
amendments.

L]
I‘

TITIVIS2 s

In an engine-generator set (10), the generator (13) has a first shaft (25) driving a generator armature (27) and also has a second shaft

(19) 1n spaced relationship to the first shaft (25). The second shaft (19) is coupled to the engine (11) and there is a

respective gear (21 or

23) on each of the shafts (19, 25) which provides a "step-down" gear reduction for powering the generator (13) at, e.g., 1800 rpm, where

the cx}ginc speed is greater than 1800 rpm. Preferably, the engine (11) is coupled to the generator armature shaft (25) through a torsional
coupling (17) for isolating engine vibration from the generator (13).
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Title: ENGINE-GENERATOR SET WITH INTEGRAL GEAR REDUCTION

Field of the Invention

This invention relates generally to prime mover
dynamo plants and, more particularly, to such plants
using internal combustion engines as prime movers.

Background of the Invention

Engine-generator sets, sometimes referred to as "“gen
sets," are in wide use for a number of specific
applications. Hospitals and other institutions require

. ——

uninterrupted power for certain critical parts of their
operation. They employ engine~generator sets to provide
such power in the event of more-than-transitory failure
of the commercial power supplied by the serving electric
utility. If commercial power fails, the engine is
started automatically and a transfer switch disconnects
building wiring from the commercial power lines and re-
connects such wiring to the engine-driven generator.
Generac Corporation, Waukesha, Wisconsin, is a leading
manufacturer of engine-generator sets.

And engine-generator sets are used for many purposes
other than providing standby emergency power.
Contractors are frequent users of such sets to provide
electrical power at a job site for operating power tools,
illuminating lights and the like. Typically, the site is
not yet connected to the commercial power system or at
least not entirely connected. And engine-generator sets
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are used as primary sources of power on an ongoing,
rather than emergency or temporary, basis.

Engine-generator sets are disclosed in the patent
literature and U.S. Patent Nos. 1,868,130 (Bauer et al.),
2,251,722 (Thomas), 3,025,408 (Wolf), 4,677,940 (Bracht
et al.) and 5,546,901 (Acker et al.) are examples. All
of the arrangements except that of the Wolf patent (which
uses a step-up gearset to drive a generator from an
idling auto engine) are direct drive. And that of the
Thomas patent uses a flexible coupling between the engine
and generator.

To provide 60 Hz AC power, a four-pole generator
must be driven at 1800 rpm. It has been common practice
to directly couple the driving engine to the generator
(by mounting the engine and generator so their shafts are
concentric) and operate the engine at 1800 rpm. Of
course, the available shaft horsepower at the engine must
be at least equal to the maximum input shaft horsepower
required by the generator.

With the relatively-recent advent of higher speed
engines, it has become possible to operate the engine at
a speed higher than 1800 rpm, thereby obtaining the
required horsepower using higher engine speed rather than
larger engine displacement. But the requirement for a
generator operating speed of 1800 rpm, dictated by the
number of generator poles, remains unchanged.
| Prior to the advent of the invention, this speed
disparity has commonly been addressed by obtaining a
separately—purchaséd gear box, sometimes known as a speed
reducer, coupling its input shaft to the output shaft of
the engine and coupling its output shaft to the generator
shaft. As an example, a 2400 rpm engine driving an 1800
rpm generator dictates a step-down gear ratio of 0.75.
That is, the speed of the gear box output shaft to the
generator 1is 0.75 of the speed of the gear box input

shaft.
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While this arrangement has been generally
satisfactory for the purpose, it is not without
disadvantages. For example, the "package" of engine,
gear box and generator has a size, cost and weight that,
in view of the invention, are unnecessary. A comparison
is set out in the detailed description for a specific
engine and generator. -

Another disadvantage of the above-described
arrangement relates to the way the engine, gear box and
generator are coupled to one another. The manufacturer
must use a shaft coupling to join the engine and gear box
input shaft and another shaft coupling to join the gear
box output shaft and the generator shaft. This
necessarily requires precious (and costly) assembly time
and also requires procurement and stocking of all of the
component parts.

And these are not the only factors that have been
improved upon by the invention. The former arrangements
of engine, gear box and generator exhibited response
times in accepting load that, when compared to response
times characteristic of the invention, are unnecessarily
slow.

An improved engine~generator set which addresses
shortcomings of the prior art would be an important
technological advance.

»

Objects of the Invention

It is an object of the invention to provide a new
engine-generator set overcoming some of the problems and
shortcomings of the prior art.

Another object of the invention is to provide an
engine generator set which exhibits improved response
time in accepting load.

Another object of the invention is to provide an
engine generator set, the overall length (or height,
depending upon orientation) of which is reduced.
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Yet another object of the invention is to provide an
engine generator set, the overall weight of which is
reduced. '

Another object of the invention is to provide an
engine generator set which reduces costs including
procurement, stocking and assembly costs. .

How these and other objects are accomplished will
become apparent from the following descriptions and from
the drawings.

Summary of the Invention

The invention involves an apparatus for providing
electrical power. Such apparatus has an engine powering
a generator and the generator includes a first shaft
driving a generator armature. In the improvement, the
generator includes a second shaft in spaced relationship
to the first shaft and the second shaft is coupled to the
engine.

A first gear is mounted on the first shaft and such

~_gear has a first pitch diameter. Similarly, a second

gear 1s mounted on the second shaft, engages the first
gear and has a second pitch diameter less than the first
pitch diameter. The first shaft driving the generator
armature 1s thereby rotated at a speed less than the
rotational speed of the engine.

More specifically, the generator has a housing and
the first shaft is supported by a bearing (sometimes
referred to as a "first-shaft bearing") mounted in the
housing. The first shaft has a cantilever shaft end
extending beyond the bearing. The shaft end is of the
cantilever type in that such end is supported at only one
side of the first gear, the latter being mounted on the
cantilever shaft end. The second shaft, which is
parallel to the first shaft, is supported by a pair of
spaced shaft bearings (sometimes referred to as "“second-

shaft bearings") mounted in the housing.
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The engine has a flywheel and to transmit power from
the engine to the generator, the second shaft (which is
concentric to and spaced from the engine flywheel) is
coupled indirectly to such flywheel by a torsional
coupling. As further described below, such coupling has
driving and driven members with resilient devices
therebetween.

More specifically, the second shaft is indirectly
coupled to the engine by a driving member attached by
bolts at the flywheel perimeter. A driven member is
attached to the second shaft and for vibration-damping
purposes, there i1s at least one resilient device
interposed between the driving member and the driven
member.

In a specific, exemplary arrangement, the driving
member has a number of radially-inwardly extending
fingers and the driven member has an equal number of
radially-outwardly extending fingers, each of which is
between and spaced from two adjacent fingers of the
driving member. Resilient devices embodied as barrel-
shaped resilient plugs are lodged between respective
fingers of the driving and driven members so that engine
vibration is substantially isolated from the generator.
And torque and horsepower transmitted from the engine to
the generator are transmitted solely through the '
resilient plugs. (The aforedescribed torsional coupling,
per se, is known but it is used in a new arrangement in
the inventive engine-generator set.)

Viewed another way, the second shaft (whichis
concentric with but spaced from the engine crankshaft)
and, particularly, the second gear on such shaft do not
engage the leﬁheel or any teeth on such flywheel. In a
highly preferred embodiment, there are no teeth on the
flywheel. Its circumferential edge is smooth and toothé
free. '

In another aspect of the invention, the first gear
is "affixed" to the generator shaft. That is, such first
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gear 1is keyed and fitted to the tapered cantilever shaft
end and retained in place by a retaining member. Thus,
such gear is incapable of axial or rotational movement
independently of the generator shaft.

Similarly, the second gear (which is in continuous
driving engagement with the first gear) is affixed to the
second shaft by a key. The second gear is likewise
incapable of axial or rotational movement independently
of the second shaft. (It is to be appreciated that there
are other ways to affix gears and shafts to one another
so that no relative gear/shaft movement is permitted.
The above-described arrangements are merely exemplary.)

Further details regarding the new engine-generator
set are set forth in the following detailed description

and in the drawings.

Brief Description of the Drawings

FIGURE 1 1s an elevation view, partly in cross-
section, showing aspects of the new engine-generator
apparatus. Parts are shown in full representation and
parts are broken away.

- FIGURE 2 is a perspective view of gears and a shaft
used in the apparatus of FIGURE 1.

FIGURE 3 1s an elevation view of a torsional

coupling used in the apparatus of FIGURE 1.

Detailed Descriptions of Preferred Embodiments

This specification first provides a brief overview
description of the engine-generator apparatus 10 and how
the engine 11 drives the generator 13. Such brief
description is followed by more detailed descriptions of
the generator 13, the gear and "“power train" arranéement
and the engine 11, in that order.

Referring to FIGURES 1, 2 and 3, the new apparatus
10 includes an engine 11 closely-coupled to and providing
driving power for a generator 13. The engine flywheel 15
transmits driving rotational horsepower through a
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torsional coupling 17 to a shaft 19 on which the gear 21
is mounted. The gear 21 is meshed with the gear 23 on
the generator shaft 25 and such shaft 25 is concentric
with and drives the generator armature 27 for generating
electrical power. The gear 21 is smaller in diameter
than the gear 23 and the gear pitch diameters PD1 and PD2
are selected so that the generator shaft 25 and armature
27 are driven at 1800 rpm even though the rotational
speed of the engine flywheel 15, the shaft 19 and the

gear 21 1s higher than 1800 rpmn.
While FIGURE 1 shows an arrangement where the engine

11 and generator 13 are on a horizontal axis 29, the
engine 11 and generator 13 may be on a vertical axis or
on an axis angled to the horizontal and vertical. That
ls, there is no limitation on the orientation of the new
engine~generator apparatus 10. And in keeping with good
engineering practice, the engine 11 and generator 13 are
separately supported as required to prevent overhanging
loading.

Referring particularly to FIGURES 1 and 2, within
the generator housing 31 is the first shaft 25 supported
for rotation on a pair of spaced first-shaft bearings 33,
35. The armature 27 is mounted on the shaft 25 and when
rotated with respect to the generator stator 37, provides
electrical power. An exciter 39 is coupled to one end of
the generator.

Outboard of the bearing 33 (leftward of the bearing
33 in the view of FIGURE 1) is a tapered cantilever shaft
end 47 to which is affixed the gear 23. A key (and to a
certain extent friction between the gear 23 and the shaft
end 47) prevent the gear 23 from rotating with respect to
the shaft 25. A retaining member 49 comprising a disc 51
and retaining bolt 53 secure the gear 23 snugly on the
shaft 25 and prevent axial movement of such gear 23 with
respect to such shaft 25. (It should be apparent from
the foregoing that the main generator shaft 25 is also

'incapable of axial movement.)

T T e e ey ooy
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The shaft end 47 and first gear 23 are confined in
the forward portion of the housing 31 which also contains
a second generator shaft 19 mounted on a pair of second-
shaft bearings 55, 57. Such shaft 19 is parallel to and
spaced from the first shaft 25 is concentric with the
axis of rotation 59 of the engine crankshaft 61 and the
flywheel 15.

Mounted on the second shaft 19 between the bearings
55,-57 1s the second gear 21 which is meshed with the
first gear 23. By means further described below, this
second gear 21 transmits motive power from the engine 11
to the first gear 23 and thence to the shaft 25 to turn
the armature 27 and generate electrical power.

Referring to FIGURES 1 and 2, the gears 21 and 23
comprise a "step-down" gear reduction in that the first
gear 23 has a pitch diameter PD1 which is greater than
the pitch diameter PD2 of the second gear 21. Thus, for
each 360° of rotation of the second gear 21, the first
gear 23 exhibits less than 360° of rotation. The pitch
diameters PD1, PD2 are selected in view of the desired
generator speed (assumed to be 1800 rpm in a specific
embodiment) and in view of the engine operating speed
(EOS). The relevant equation is:

PD2 + PD1 = 1800 -+ EOS.

Referring particularly to FIGURES 1 and 3,
(coupling) the second shaft 19 protrudes through the
forward portion of the housing 31 and-the driven member
65 of a torsional coupling 17 is mounted to the end of
such shaft 19. Specifically, the hub 67 of such member
65 is key-mounted to such shaft 19 and is secured there
by a retaining member 49 like the member 49 described
above. The driven member 65 includes a number of fingers
69 extending radially outwardly from the hub 67 and as
described below, such fingers 69 coact with the driving
member 73 and with the resilient devices 75 to transmit

horsepower.
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The torsional coupling 17 also has a ring-like
driving member 73 having a number of fingers 77 extending
radially inwardly. Resilient devices 75 embodied as
barrel-shaped resilient plugs are lodged between each
finger 69 of the driven member 65 and each adjacent pair
of fingers 77 of the driving member 73. Upon engine
startup and when the driving member 73 is rotating at
operating speed, engine-originating "torgque shock" and
vibration are substantially isolated from the generator
13 by the coupling 17.

Referring particularly to FIGURE 1, the engine 11
includes a flywheel 15 which, in the specific illustrated
embodiment, is "dished" or concave when viewed from the
generator side. That is, the flywheel outer perimeter 81
1s closer to the generator 13 than is the flywheel
central portion 83. The resulting cavity-like region
accommodates the protruding end of the second shaft 19.

The outer perimeter 81 of the flywheel 15 has a
locating pocket 85 receiving the driving member 73 of the
torsional coupling 17. Such pocket 85 has a face 87
which abuts such driving member 73, the latter being
attached to the flywheel outer perimeter 81 by fasteners
91 such as bolts. It is to be noted from FIGURE 1 that
the flywheel-mounted ring gear 93 engaged by the engine
starter (not shown) is spaced from the driving member 73,
the pocket 85 and the pocket face 87. In other words,
the ability of the engine 11 to transmit power to the
generator 13 involves a "drive train" that is independent
of the engine starting components such as the ring gear
93.

In operation, it is assumed that electrical power is
required from the generator 13. The engine 11 is
started, the flywheel'ls rotates and powers the driving
member 73 and, thence, powers the driven member 65
through the resilient devices 75. The driven member 65
powers the shaft 19 and the gear 21 which, in turn,
powers the gear 23 by virtue of being engaged therewith.
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The gear 23 powers the generator shaft 25 and electrical
power is produced.

To illustrate some of the advantages of the
invention, a specific embodiment of the new engine-

5 generator apparatus 10 is 12 inches shorter in length and
weighs about 30% less than a similarly-rated engine-
generator set using a separate gear box. )

While the principles of the invention have been
shown and described in connection with a few preferred

10 embodiments, it is to be understood clearly that such
embodiments are by way of example and are not limiting.
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1. A stationary-mounted apparatus including an
ehgine powering a generator, and wherein the generator
includes a first shaft supported by a pair of bearings
and concentric with and driving a generator armature,
characterized in that:

-the first shaft has a shaft end extending away from

the bearings;

-a first gear 1s concentrically mounted on the shaft

end and has a first pitch diameter;

-the generator includes a second shaft in spaced

relationship to the first shaft;

-the second shaft 1s concentric with and coupled to

the engine crankshaft and has a second gear mounted

thereon 1n engagement with the first gear; and

-the second gear has a pitch diameter less than the

pitch diameter of the first gear.

2. The apparatus of claim 1 wherein:
-the generator has a housing; and
-the second shaft 1s supported by a pair of spaced

shaft bearings mounted in the housing.

3. The apparatus of claim 2 wherein the pair of

bearings supporting the first shaft is in the housing.

4., The apparatus of claim 1 wherein:

-the engine has a flywheel; and

-the second shaft 1s coupled to the engine flywheel
by a driving member attached to the flywheel.

'Aamr{“rhk AL e
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5. The apparatus of claim 4 wherein:

-the flywheel 1s concave and includes a central
portion and an outer perimeter extending away from
the central portion; and

-the second shaft protrudes into the flywheel.

6. An apparatus including an engine powering a
generator, and wherein the generator includes a first
shaft driving a generator armature, characterized in
that:

-the first shaft is supported by inward and outward

spaced-apart bearings mounted with respect to the

generator;

-the first shaft has a cantilever shaft end

protruding outwardly away from the outward bearing

and toward the engine;

-the cantilever shaft end has a first gear affixed

thereto;

~-the apparatus includes a second shaft in spaced

relationship to the first shaft;

-the second shaft has a second gear affixed thereto,

such second gear being 1n driving engagement with

the first gear; and

-the engine has a crankshaft and the second shaft is

coupled to the englne 1n axial alignment with the

crankshaft.

7. The apparatus of claim 6 wherein:

-the generator has a housing;

-the second shaft i1s supported for rotation by a
pair of spaced-apart bearings; and

-the bearings supporting the first shaft and the
bearings supporting the second shaft are in the

generator housing.
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8. The apparatus of claim 7 wherein:

-the engine includes a flywheel having a locating
pocket formed therein; and

-the second shaft is coupled to the flywheel through

a torsional coupling having a driving member

received in the locating pocket.

9. The apparatus of claim 8 wherein:

-the flywheel has a ring gear mounted thereon for
engine starting; and

-the ring gear is spaced from the driving member.

10. The apparatus of claim 8 wherein:

-the first gear has.a first pitch diameter; and
-the second gear has a second pitch diameter less
than the first pitch diameter, thereby driving the
first shaft at a rotational speed less than the

rotational speed of the engine.

il 2 SR
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