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[57} ABSTRACT

Method and apparatus for effecting one hand con-
trolled starting of a portable chain saw. By manipulat-
ing one hand, and while gripping a chain saw hand
grip means, an engine is first concurrently conditioned
for starting and caused to operate at a reduced engine
compression. After the engine is started, and while
continuing to grip the hand grip means, the starting
condition is terminated and the compression of the en-
gine is increased for normal operational purposes.

2 Claims, 11 Drawing Figures
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1
CHAIN SAW STARTING SYSTEM

This application is a continuation of Ser. No. 92,643
filed Nov. 25, 1970, Abandoned; and this application
is a continuation in part of Ser. No. 13,806 filed Feb.
24, 1970, Abandoned; and is a continuation in part of
Ser. No. 739,798 filed June 25, 1968 U.S. Pat. No.
3,497,706 and a continuation in part of Ser. No.
543,583 filed Apr. 19, 1966 U.S. Pat. No. 3,405,293.

BACKGROUND OF THE INVENTION

Field of the Invention _

The present invention has particular utility in con-
nection with small, lightweight, portable, chain saws
which are driven by internal combustion engines of the
single cylinder, two-cycle type such as chain saws.

Gasoline-engine-driven portable chain saws enjoy
great popularity and are used on a large scale for cut-
ting down trees or branches of trees and for bucking
down trees. Due to the very nature of operation of such
chain saws they are not used continuously and, hence,
must be frequently restarted.

While chain saws are in widespread use and while
safety standards are continuously employed and im-
proved, the nature of cutting operations with chain
saws inherently entails some degrees of risks. Minimi-
zation of these risks may be effected by ensuring that
a chain saw is effectively stabilized during starting op-
erations. However, such stabilization is impeded by vi-
brations and erratic engine conditions which may de-
velop during the starting of chain saw engines.

This invention is directed toward a unique concept
which enables an operator, with one hand, to concur-
rently stabilize and grip a chain saw condition an en-
gine for starting, and reduce its compression so as to
minimize starting induced vibration and erratic per-
formance. All this is achieved while interlocking the
starting and compression reduction operations.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a starter system particularly adapted for a light-
weight, internal combustion engine which may be of
the single-cylinder, two-cycle type.

In practicing the chain saw starting method of this in-
vention, an operator grips a portion of hand grip means
of the chain saw with one hand. While thus gripping the
chain saw hand grip means, the operator manipulates
movable means mounted on or adjacent the hand grip
means to concurrently condition at least a portion of
the chain saw engine for starting and reducing engine
compression. While continuing to grip the hand grip
means of the chain saw, and while the engine is starting,
the reduced engine compression is maintained. After
engine starting of the chain saw has been effected, and
while the operator continues to grip the portion of the
hand grip means with one hand, the operator causes the
movable means on the hand grip to move to a release
position and concurrently terminates the engine start-
ing condition and restores engine compression to its
normal operating level.

An especially significant apparatus aspect of the in-
vention relates to a unitized starting control and hand
grip assembly in a chain saw. This unitized assembly
permits a chain saw engine to be concurrently condi-
tioned for starting, while reducing engine compression
and facilitating the overall starting operation, and stabi-
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2

lizing the saw. This apparatus combination is character-
ized by an engine condition starting control means, a
throttle trigger means, a movable means, and a decom-
pression valve actuating means, asll of which are unit-
ized in close proximity and in unique, mutually related
configuration, on a chain saw hand grip means. With
this arrangement, an operator, with one hand, may grip
the chain saw hand grip means, and manipulate the
movable means to a position operable to concurrently
condition at least a portion of the engine condition
starting control means for starting purposes, and open
the decompression valve so as to reduce engine com-
pression.

While continuing to grip the chain saw hand grip
means with one hand, the operator ensures that the
movable means is positioned so as to maintain the en-
gine starting condition and reduced engine compres-
sion.

After the engine has started, and while continuing to
grip the hand grip means, the operator causes the mov-
able means to move to a release position, the mainte-
nance of the starting condition is terminated, and en-
gine compression is increased. In addition, while con-
tinuing to grip the hand grip means with one hand, the
operator may manipulate the throttle trigger so as to
develop an appropriate engine operating speed.

Another aspect of the invention relates to an electri-
cal starter system of the type referred to including a di-
rect current (DC) motor and generator, a battery such
as a secondary battery, for powering the motor genera-
tor to start the gasoline engine, an electric circuit for
controlling charging of the battery from the motor-
generator, a decompression means for the cylinder of
the engine to facilitate starting and reduce the power
required to be furnished by the motor, and a unitary in- -
terlocking control button for controlling starting, nor-
mal operation and off position of the chain saw.

Still another aspect of the present invention pertains
to a DC motor and generator in combination with an
internal combustion engine having a decompression
valve to reduce the torque required to be furnished by
the motor to start the gasoline engine.

Yet another aspect of the present invention involves
a DC motor and generator of the type described having
compound field windings arranged in such a way that
the windings are in aiding relationship when the device -
is operated as a motor, thus, to provide a high output
torque while the windings are electrically arranged in
bucking relationship when the device operates as a gen-
erator to reduce the output for battery charging cur-
rent.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features that are considered-characteristic
of this invention are set forth with particularity in the
appended claims. The invention itself, however, both as
to its organization and method of operation, as well as
additional objects and advantages thereof, will best be
understood from the following description when read
in connection with the accompany drawings, in which:

FIG. 1 is a side view, with parts in cross-section, of
a chain saw gasoline engine including a decompression
valve and DC generator and motor; -

FIG. 2 is a sectional view taken on line 2—2 of FIG.
1, and illustrating the commutator segments of the ro-
tor, armature windings and field windings of the motor
generator;
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FIG. 3 is an elevational view taken essentially on line
3--3 of FIG. 2 and illustrating a portion of the field
windings and pole shoes of the motor generator laid out
flat;

FIG. 4 is a front-view, with parts in section; illustrat-
ing particularly a three-position control button for con-
trolling the operation of the starter system and a hous-
ing for the secondary cells making up the:battery;

FIG. 5 is a fragmentary sectional view illustrating the
control button with a linkage to a modified decompres-
sion valve and spring tending to return the control but-
ton into its unactuated or release position;

FIG. 6 is a fragmentary sectional view similar to that
of FIG. 4 and illustrating the control button and igni-
tion switch in the unactuated position;

FIG. 7 is a side view of the battery housmg partly in
section;

" FIGS. 8 and 9 are schematic circuit dlagrams 1llus- ‘

trating diagrammatically- the -gasoline -engine, genera-

tor, field windings, and an glectric circuit for control-

ling the.charging current of the battery, FIG. 8 illustrat-

ing the operation as a motor, while FIG.'9 depicts the
. operanon as'‘a generator

20

FIG. 10 provides a perspecnve view. 1llustratmg the -

- ‘manner ‘in" which: an- operator is -able to: effect one
handed. support of a portion:of chain saw hand grip

25

means so as to concurrently’ condition an engine for

starting, reduce ‘engine compression, and stabilize the
chain saw during the starting operation; and

FIG. 11 provides a top plan view of the FIGS. 4 and
10 chain saw, with this saw disposed in cutting position.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

General Chain Saw Structure

Referring now to the drawings, there is illustrated the
electrical starter system of the present invention. The

starter system includes essentially .an internal combus- -

tion engine 10, shown particularly in FIG.' 1, a DC
motor and generator 11 shown particularly in FIGS. 1
and 2, a secondary battery which may consist of a plu-
rality of nickel-cadmium cells 12 shown in FIG. 4 and
used-for energizing the motor-11,.a control button 14,
having a mechanical interlock for controlling starting

of the engine 10 and its normal operation, and for turn- -

ing off the engine and motor, and an electronic circuit

in FIGS. 8 and 9 for controlling the charging of the bat--

tery.12. In order to facilitate the starting of the engine
10 there .may be ‘provided a decompression means
shown generally at 15 in FIG. 1 and shown in modified
form in FIG. 5. This may consist, as will be more fully
explained hereinafter, of .a compression: relief valve
which has been disclosed and claimed in the copending
application to Wilford B. Burkett, Ser. No. 512,860,
filed on Dec. 10, 1965, entitled “Compression Relief
Mechanism for Starting Two-Cycle Engines’’ and -as-
signed: to the same assignee as is the present applica-
tion.

Thus, the gasoline engine 10 is started by operating .
-the control button 14 which closes-an electric.connec-:
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drive the engine. In order to facilitate starting of the en-
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tery.is recharged from the motor generator which oper-
ates as a generator driven by the engine. The battery
charging current is then effectively disconnected when

-the battery voltage has reached a predetermined value.

This is. effected by the electrical battery charging cir-
cuit of FIGS. 8 and 9.

As is'apparent from the foregoing description of FIG.
4, and as'is shown in FIGS. 9-and 10, the:unitized and
interlocked, chain saw-hand grip and-control mecha-
nism, previously described, facilitates one hand chain
saw ‘engine  starting while maintaining operational
safety. :

With: one hand, an operator is‘able to grip a portion
4 of the chain saw hand grip means. ‘While: thus grip-
ping the chain saw-hand grip means portion 4, and gen-
erally encircling this hand grip means portion with sev-
eral digits of this hand, the operator is able to use one -
digit, ordinarily a thumb, to.manipulate the movable .
button.means 14 to a starting position. With the button
disposed in'this starting position,;the engine is.concur= "

-rently. conditioned for starting. while engine compres-
sion is reduced. This manipulation of the movable but-. -
ton means 14 to a starting position serves to more the
decompression means to an-open position; so as to par-’

tially vent the working chamber of the engine cylinder
of the chain saw: In addition, at least a portion of the

‘engine is conditioned for starting.

As is implicit from the disclosures of parent applica-
tion Ser. No: ‘13,806 andparent U.S.  Pats. . Nos.
3,405,293 and 3,497,706, this conditioning may entail
the energization of an electrical starting mechanism or
alternately may entail the conditioning of other engine
starting elements. For example, the button 14 could be
mounted so-that it could be depressed and caused to
engage the throttle mechanism, exemplified by the
throttle trigger 90a; and pivotally position the throttle
trigger so as to-dispose the throttle in a starting condi-
tion.

As will thus be apparent the operator may continue
to grip the hand grip means portion 4 with one hand,
with the depressed control button means 14 being op-.
erable to maintain reduced engine compression.and. -
maintain the engine at least partially conditioned for
starting.

After the engine has been started, and while the oper-
ator ‘continues to grip the hand grip means 4 in the:
manner obvious from the illustration of FIG. 4, the op-
erator may condition the engine for normal operation. .’
This may be effected by the operator utilizing one digit
of the gripping hand to cause the release of the mov-
able button means 14 and concurrently terminate the
engme starting condition and reclose the decompres-f
sion.valve means 15..

At about the time that this conditioning of the engine
for normal operation is:being effected, and while the
operator continues to grip-and stabilize the chain saw

‘¥ with one hand engaging the hand grip: means portion

4, the operator may manipulate the throttle trigger 90a
and appropriately develop or determine chain saw en-.

gine operating speed. All of this:is made possible by the.- - '

. gencrally mutually contiguous ‘positions of the hand -

gme the compression created by the piston of the en-- -

gine within the cylinder may be relieved by a suitable
decompression valve. After the engine has been
started, an electrical starter switch is opened again by
the manually operated control button 14, and the bat-

65

grip means, movable button means and throttle trigger - '

means, with the decompression valve being operation-'
ally interlocked with the button means.

Having described very briefly the general operation
of the electrical starter system of the present invention,
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the construction of the engine 10 will now be disclosed
by reference to FIG. 1.

Engine Structure

The engine has been illustrated as an internal com-
bustion engine having a single cylinder 16 and being of

the two-cycle type. The engine includes an engine .

block 17 and a crankcase 18 therefor. The engine
block 17 is provided with a cylinder liner 21 defining
a cylindrical space 20.

Within the cylindrical space 20 is reciprocably
mounted a piston 22 connected to the crank 23 of a
crankshaft 24 by a connecting rod 25, one end of which
is pivotally connected to the piston 22, while its oppo-
site end is provided with a bearing 26 which in turn is
connected to the crank 23 of the crankshaft 24. .

The engine is also provided with a spark plug 27 dis-
posed in a semi-spherical recess 28 arranged adjacent
to and.communicating with the cylinder 16. The spark
plug 27 serves the usual purpose of igniting the fuel
mixture in the combustion chamber 30 of the cylinder
16. This may be effected by any conventional ignition
system. It will also be understood that the construction
of the internal combustion engine 10 as disclosed
herein is entirely conventional. The engine block 17
may be provided with cooling fins 31 to promote cool-
ing of the engine which may have to run at a very high
speed, as will be apparent in view of the fact that it is
a single-cylinder, two-cycle engine.

Electric Starter

A portion of the DC motor and generator 11 is pref-
erably directly connected or keyed to the crankshaft 24
of the engine 16. As pointed out before, the generator
11 requires very little space and is of very low weight.
In order to drive the generator 11, the crankshaft 24
extends toward the right as viewed in FIG. 1 and has
mounted thereon the rotor or armature 33, for exam-
ple, by a key. The crankshaft 24 is rotatably mounted
in a bearing 34 disposed in the engine block 17. The ro-
tatable armature 33 further is connected to a flywheel
35 being provided with fins 36. The fins' 36 operate as
a fan to cause circulation of the air, thereby to cool the
engine 10.

The rotatable armature 33 includes a plurality of
commutator segments 37 having flat, radially extending
surfaces 38 against which a pair of brushes 40 shown
particularly in FIG. 2 are urged by springs 41. It will be
noted that the two brushes 40 are disposed within an
angle of about 45°. This is made possible because, as
will be explained shortly, the number of field pole shoes
is 8 so that the two brushes extend over more than one
field pole shoe.

The armature 33 further includes a plurality of angu-
larly spaced poles 42 which preferably are undercut as
shown at 43 in FIG. 2 to provide space for the armature
windings 44 and to minimize the danger of the arma-
ture windings 44 being forced outside of the poles 42
by the considerable centrifugal force developed by the
rotating armature 33. The commutator segments 37 are
cast or potted in a suitable insulating compound shown
at 45 which further minimizes the danger of the arma-
ture exploding under the action of the centrifugal
force.

It should be noted that the flat radially extending sur-
faces 38 of the commutator segments 37 provide for
self-cleaning of the commutator. Any carbon residue

10

20

25

30

6

from the brushes is thrown off by the centrifugal force
when the rotor rotates at high speed.

The armature is provided with a plurality of angularly
spaced mounting lugs 46 through which extend screws
47 to connect the flywheel 35 with its fins 36 to the ar-
mature 33. Thus, the armature is spaced from the
flywheel 35 to permit circulation of air about the entire
rotor or armature, thereby to cool the motor generator.

The flywheel 35 must, of course, be dynamically bal-
anced, as is conventional, and may be provided with
magnets and counterbalancing weights along its rim to
provide a magneto for the ignition system. However,
this feature is optional.

The field windings, of which there are two, are dis-
posed as shown at 48, particularly in FIG. 3, in sinus-
oidal form. This facilitates the winding of the two field
coils because it is easier to wind them continuously
rather than as separate pairs of field windings. The
electrical connection of the two field windings shown
at 48 in FIGS. 1 to 3 is more clearly illustrated in FIGS.
8 and 9. Thus, the motor-generator 11 has a series field
winding 50 and a shunt field winding 51. This, of
course, provides a compound DC motor, which, as will
be explained hereinafter, is differentially compounded.

The field windings generally shown at 48 cooperate
with and are mechanically held together by eight field
poles or pole shoes 52 which are secured to a fixed
housing 53 secured in any suitable manner to the
crankcase 18 or engine block 17. Thus, the field wind-
ings 48 may be held by the field poles or pole shoes 52
by means of retaining screws 54.

The fixed housing 53 for the field windings 48 is of
cylindrical shape, as clearly shown in the drawings, and
is provided with an annular outer recess 55. This forms
a seal with a cylindrical extension 56 of the flywheel 35
having a cooperating inner surface 59. This construc-
tion, as clearly shown in FIG. 1, provides a labyrinth

. seal to keep wood chips or sawdust out of the generator

40

housing. At the same time the seal provides sufficient
clearance to permit the flywheel and armature to rotate
freely. Another feature of the generator of the inven-
tion are the jumper wires 57 interconnecting each of

- the armature windings to one of the commutator seg-

45

55

60
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ments. It should be noted that each jumper wire 57 ex-
tends about the far side of each commutator segment
and is soldered thereto.

The motor and generator 11 serves the purpose to
start the engine 10 with the power derived from the

. batteries and thereafter recharges the batteries. It is de-

signed to withstand high centrifugal force. It should be
noted that the armature 33 which forms the rotor is of
hubless design and is radially very thin. The weight has
been reduced by providing just enough iron to carry the
magnetic flux and just enough copper to carry the elec-
tric current. The motor may have a diameter of about
4.4 inches compared to a thickness of 1.4 inches which
corresponds to a ratio of diameter to thickness of
slightly over 3 to 1. This, of course, represents a savings
of space. The motor has eight field poles which pro-
vides high torque even at low speeds. This is, of course,
essential for starting the engine.

Having now described the engine and the motor, the
manner of mounting the battery will now be described.
" The battery used with the motor generator 11 is a
secondary battery and preferably consists of nickel-
cadmium cells. There may be ten such cells, each being
rated nominally at 1.2 volts. These cells may, for exam-
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ple, be disposed in a housing 60 shown particularlyin
FIGS. 4 and 7. Thus, the battery housing 60 may be se-
cured to a shroud 61 enclosing the engine. As shown in
the' drawings, the battery housing- 60 may have an
outer, open-ended cover 62 within which is disposed an
overlapping piece of insulating sheet material 63, the
ends of which are secured to each other and to the en-
gine shroud 61 by a suitable insulated bolt 69. Another
nut and bolt assembly 65 secures the two end caps 66
to the main cover 62. Five cells are visible in FIG. 4
within the battery housing 60. Two of these cells are
put end-to-end so that there is-a total of ten secondary
cells jointly forming the battery 12. :

It should be noted that the battery 12 may also be

used for other purposes, that is, other than energizing.

the electric motor 11. They may be used, for example,
to drive a pump or chain saw sharpener..It should be
noted that a current of 5 amps. may be taken from the
generator when the engine is running at full speed.-This
requires: only-about 0.1 horsepower from:the engine.
The entire weight of the motor-generator-11 and the
ten cells forming the battery 12 is between:3 and 3 %
pounds.

Before describing the construction.and operation of
the control button 14, the purpose and construction of
the decompression valve 15 will now be described.

Decompression Valve

As shown particularly in FIG. 1, there is provided a
valve body 68 disposed in ‘the engine block 17 and
communicating with the cylinder lining 21 having a
suitable aperture 70. As disclosed in the prior applica-
tion of one of the applicants previously referred to, the
-valve body 68 preferably is provided with a conical
outer portion 71, which prevents clogging of the valve
port and: which provides cleaning of the port- as the
valve is closed. The valve may be actuated by a linkage
72 including a semi-spherical head 73 disposed:in a
suitable recess of the valve body 68.

When the valve is opened it will provide a path from
the valve port 70 to a passage 74 which in turn commu-
nicates with the exhaust 75. ' ‘

A slight modification of the decompression valve 15
is shown in FIG. ‘5 to which reference is now made.
Here the valve body 77 again has a conical end portion
78 disposed in a valve port 80 in the wall of the cylinder

- 81. The port 80 communicates with a passage 82 which
in turn is connected to the exhaust. The valve body 77
is operated by means of a rod 83 extending througha
suitable aperture in the valve and is pivoted at 89 to:a
lever 85 which in turn is connected to the control but-
ton 14: Thus, when the control button: 14 is depressed,
the rod 83 is rotated in a counterclockwise direction
and the valve body 77 opens. At the same time a lever
86 is moved upwardly against the force of a spring 37
having one end fixedly mounted at 88.

It is the purpose of the decompression valve 15 to re-
lieve the pressure of the gas-above the piston 22 when
the piston moves.upwardly: This; of course, will reduce
the work ‘required to start the engine. However, ‘it
should be emphasized that such a decompression valve
may not always be necessary.

_ Starter Button

Referring now particularly to FIGS. 4 to 6, the con-
- “struction and function of the control button.14 will now
be explained. This control button 14 has the purpose to
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control the ignition system" of the engine, the decom-
pression valve 15 and the starter switch 90 shown in-the
circuit of FIGS. 8 and 9. To this end the control button
14 must have three different positions. One for starting
the engine, the second for the normal operation of the
engine and the third one for the off position. In the start
position of the control button, the ignition switch to be
presently described should be on so:that the spark plug

.27 may:be supplied by the ignition:system with- electri- - :

cal energy to produce sparks, the decompression valve
15 should be open:and the -starter switch 90 closed.
After the engine has been started,. the starter button
must be released to permit it to- move into its operating
position. In that position the ignition is still on, the de-

compression valve is. now closed. which is; of course,. -

necessary for the proper operation of the engine while
the starter switch 90 is open. Finally, in the off position,
the ignition switch is off as well as the starter switch,
which is open; while the decompressmn valve remains -
closed.

Thus, as shown in FIG. 4, the control button 14 has
an operating position 14 shown in full lines. It has a
start position shown in dot and dash lines at 14" and it
has an off position also shown in dot-dash lines.at 14"'.
Thus, in order to start the engine the control button 14
is moved first from position 14'’ to 14 and is then
pressed down into position 14’. This will cause opening
of the valve body 77 as previously described against the
action of spring 87. At the same time, the switch 90,
which is the starter switch, is closed by pressing-down

_its lever 94. The ignition system: includes an-insulated

wire 91 electrically connected to the metallic bracket
92 secured to the control button 14 by-a screw 95.
Hence the wire 91 and bracket 92 are movable with the
control button 14. The bracket 92 is'adapted to contact
electrically a metallic. extension 93 of the metallic
housing 96, thereby to ground the wire 91. This in tum

~ disables the ignition system.

40
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After the engine has been started, the control button -
is released from position 14’ and is forced by the action -
of spring 87 to move upwards into position 14. In the
operating position 14 of the control button, wire 91 and

bracket 92 are still spaced from the: portion 93 of the

housing.-Hence, in this position the ignition-is still-on
while: the valve 77 is allowed' to close again. At the
same time- the starter switch' 90 is opened. :

In order to stop the engine, the cortrol button. is
moved into- position ‘14'* which turn§ the ignition off.
This is shown particularly in FIG. 6 where the wire 91
and bracket 92 are electrically connected with the me-
tallic ‘extension of .the housing 96. This grounds the
wire 91 and, hence, the ignition is turned off. At the
same time the valve remains closed and the starter -
switch remains open:

By virtue of its U-shaped profile, as shown in FIG.'6,
movable button means 14 is operable to. lockingly en-
gage handle ledge portion 93, when button 14 is'in po-

sition-14'’. This-locking engagement prevents upward

movement of button 14, out of the position 14’ and in-
sures the maintenance of this position.

It will thus be seen that there is'a mechanical inter-
lock which causes the starter switch 90 to close at the
same time the decompression valve 15 is opened and
vice versa. On the other hand, the ignition remains. on
while the engine is started and when the engine is run-...
ning.
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BATTERY CHARGING

Reference is now made to the circuit shown in FIGS.
8 and 9 for controlling the charging of the battery 12
by the generator 11. The circuit of FIG. 8 illustrates the
starting of the engine while that of FIG. 9 shows the op-
eration when the battery is being charged.

In the circuit of FIGS. 8 and 9, the decompression
valve 18, ignition switch 92, 93 and the control button
14 have been shown schematically. Therefore, in FIG.
8 the decompression valve 15 is shown in the open po-
sition while the ignition switch 92, 93 is also open to
turn the ignition on. The starter switch 90 is closed.
The dotted connection 97 schematically indicates that
the control button 14 controls the starter switch 90.
Similarly, the dotted connection 98 shows how the igni-
tion switch 92, 93 is controlled by the control button
14. Tt will be seen that when the ignition switch is
closed, ground is connected to wire 91. Finally, the dot-
ted connection 99 shows the control of the decompres-
sion valve 15 by the control button 14,

An electronic switch 100 which may, for example, be
a silicon-controlled rectifier, is connected across the
shunt winding 51 of the generator 11, one terminal of
which be grounded as shown as well as one terminal of
the generator. A pair of Zener diodes 101 and 102 are
connected between the lead 103 interconnecting the
series winding 50 and the shunt winding 51 and the gate
or control electrode 109 of the silicon-controlled recti-
fier 100, It will be apparent that one of the Zener di-
odes 101, 102 may be omitted. A resistor 105 may be
connected between the control gate 109 and ground.
The battery 12 is connected in series with the lead 103
and a diode 106 which is so poled as to prevent current
flow from the battery 12 to the generator 11 unless the
switch 90 is closed, the switch 90 being connected
across the diode 106.

This battery charging circuit has been disclosed and
claimed in the copending application to Burkett and
Jackson, Ser. No. 530,129, entitled “Voltage-Cut-Off
Circuits” and filed on Feb. 25, 1966. As explained
therein, the two Zener diodes 101, 102 and the resistor
105 provide a voltage divider connected essentially
across the battery 12. This voltage divider is so ar-
ranged that it will fire the silicon-controlled rectifier
100 by applying the appropriate voltage on its control
gate 109 when the voltage across the battery 12 has
reached a predetermined value. The reason for provid-
ing two Zener diodes 101 and 102 in series has been ex-
plained in the copending application of the applicants.

The diode 106 prevents current flow in the direction
shown in FIG. 8 by the arrows 110, unless it is bypassed
by the closed starter switch 90. '

MODE OF STARTING
Electrical Aspects

The operation of the electrical starter system of the
present invention will now be explained. In order to
start the engine, the control button 14 is moved from
its inoperative position 14'’ back into position 14 and
is then pushed down into position 14’. This, as ex-
plained before, will open the decompression valve 15.
At the same time it will turn on the ignition 92, 93 and
close the starter switch 90.

Closing of the starter switch 90 bypasses the diode
106 and permits current flow from battery 12 in the di-
rection shown by arrows 110 through the shunt winding
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51 to ground and through the series winding 50 and the
armature windings of motor 11. Accordingly, the two
windings 50 and 51 are connected in an aiding relation-
ship. Therefore, the magnetic poles on the windings 50
and 51 are so arranged that like poles, such for example
as the north (N) poles are adjacent the lead 103. Ac-
cordingly, the DC generator and motor operates as a
motor and drives the engine 10 to start it. Since the two
field windings 50 and 51 are now arranged in an aiding
relationship the motor-generator 11 is operated as a
motor with a high output torque, thus giving maximum
mechanical output of shaft power to start the engine.

After the engine has been started, the control button
14 is released again and is urged from position 14 by
spring 87 into its normal operating position 14.

The movement of the control button 14 into its nor-
mal operating position closes the decompression valve
15 again as previously explained. At the same time the
starter switch 90 is opened again as shown in FIG. 9.
This, of course, will prevent the flow of current from
battery 12 in the direction shown by arrows 110 be-
cause this current flow is blocked by the diode 106.
However, opening of the starter switch 90 still permits
recharging of the battery 12 which will now be ex-
plained.

Since the engine 10 is now running, it drives the
motor generator 11 to operate as an electric DC gener-
ator. The output current flows in a direction shown by
arrows 111. Thus, the total current flows through the
series winding 50 and a portion flows through lead 103
into battery 12. Another portion of the output current
flows through shunt winding 50 and hence to ground.
Therefore, the two windings 50 and §1 are now ar-
ranged in a bucking relationship. As a result, unlike
magnetic poles of the windings 50 and 51 are disposed
adjacent the lead 103, for example the south (S) pole
of winding 50 and the north (N) pole of the winding 51.

Therefore, it will be apparent that the electrical out-
put current of the generator 11 is now limited. This is
a desirable result because it limits the current charging
the battery 12. It has been found by test that this is an
efficient manner of recharging the secondary battery
12 which may consist of nickel-cadmium cells.

A normal starting cycle consists of three seconds
cranking or starting the engine 10 and a nine-second
cycle recharging the battery 12. However, it has been
found that the motor generator 11 can be operated as
an electric motor for as long as two to three minutes to
crank the engines without damaging the secondary bat-
tery consisting of ten nickel-cadmium cells. Ten such
cells have a nominal voltage of twelve volts and can be
charged with a current as much as eight amps. up to a
voltage of about fifteen volts.

The engine 10 is cranked by the motor 11 at around
700 RPM (revolutions per minute). The engine starting
speed is about 500 RPM while the maximum engine
speed is 12,000 RPM. On the other hand, the motor
generator 11 has been designed to withstand 23,000
RPM.

The amount of bucking that is provided when the cir-
cuit is operated as shown in FIG. 9 and hence the
amount of output current may be controlled. To this
end, the size of the shunt winding 51 may be increased
or decreased. :

As explained before, the entire chain saw may be
stopped by putting the control button 14 into position

14"’ This will turn the ignition off by closing switch 92,
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93 and hence; stop the engine 10. At the same time the
starter button 90 remains open and the decompressnon
valve 15 remains closed.
It will be understood that the two Zener diodes 101
and-102 and the resistor 105 are so proportioned to
trigger the silicon-controlled rectifier 100 when the

voltage across the battery 12 has reached.a predeter- - .-
mined value such, for example; as fifteen volts. This, in .~
turn, will short-circuit the shunt winding 51. This pre-

vents the generation of an output current from the gen-

erator 11 so that charging of the battery 12 is effec-
tively stopped: This, of course, prevents damage to the
battery 12 because the battery charging circuit shown
in FIG. 8 responds to the voltage across the battery 12
and will shut off the charging current once the battery
voltage has reached a preset value. Thus, on the one
hand, the battery-charging circuit responds to the bat-
tery voltage, but on the other hand, the output current
of the generator 11 is controlled by the proper propor-
tioning of the field windings 50 and 51.

Gripping, Stabilizing and Interlocked Actuating
Aspects

While the integrated, engme starting condmomng,
chain saw stabilizing, and engine working chamber de-
compressing operations are implicit from the foregoing
discussion alone, the FIG. 4 illustration alone, ‘or the
disclosure of parent U.S. Pat. No. 3,405,293, recapitu-
lation or summarization of this integrated chain saw
starting. concept is appropriate, and will be effected
with reference to FIGS. 1, 4, 10 and 11.

In effecting this integrated and stabilized chain saw
starting operation, and as shown in FIG. 10, the opera-
tor mampulates a chain saw 1 which includes the chain
saw engine 10 operable to drive a cutter chain 3. Cutter
chain 3 is driven by a conventional -chain saw drive
means 2, with the cutter chain 3 being supported on a
conventional chain saw guide bar § as shown in FIGS.
10 and 11. This guide bar extends generally longitudi-
nally of handle means 4 ‘and the axis of engine piston
reciprocation.

The engine 10, as shown in FIG. 1, includes cylinder
wall means 164, with a chain saw cylinder head means
16b closing one .end of the chain saw. cylinder wall
means 16a. The chain saw piston 22 is reciprocably
mounted in the chain saw cylinder wall means 16a for
reciprocation along an axis extending axially. of the
chain saw: cylinder wall means. 16a. The ‘chain saw
crankshaft 24, in_the conventional manner, connects
the chain saw piston means 22 with the chain saw cut-
ter chain drive means 2.

The chain saw hand grip means portion 4 extends
generally longitudinally of the axis of reciprocation of
the chain saw piston means 22 and is displaced gener-
ally longitudinally of the chain saw engine 10 in rela-
tion to this:axis of piston means reciprocation.

The apparatus manipulated by the operator, as
shown in FIGS. 1 and 4 and/or 10 and 11, includes a
unique chain saw control means.

This chain saw control means includes the chain saw
decompression port 70. This decompression port-70 is
disposed in a longitudinally intermediate portion of the
chain saw cylinder wall means 16a. The port 70 is oper-
able; when open, to facilitate starting of the hand held
chain saw by providing communication between the at-
mosphere and the interior of the chain saw cylinder
wall means. This communcation is effected by the vent
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means 74 and 75 which provide a vent path extending
from the chain saw decompression port 70 to the atmo-
sphere.

The normally closed cham saw decompression valve
15 is operable to close the chain saw decompression
port, when the decompression valve body 77 is dis-
posed in the closed valve posmon shown in FIG. 1 and
FIG. 5.

The chain saw control means mcludes as one com- -

means 90. As is implicit in this overall disclosure, and
in the disclosure of parent U.S. Pat. No. 3,405,293, the
chain saw engine condition control means 90 may also
and/or alternately include the throttle trigger 90a. Both

-ponent, the chain saw engine starting: condition control -

the electrical starting means 90 and the throttle trigger.

means 90a are substantially contiguous with the hand
grip means 4 and are individually or in unison operable
to control a starting condition of the chain saw engine.

The movable button means 14, which: is-also substan-
tially contiguous with the chain saw hand: grip means 4,
is operable to permit releasable positioning of at least
a portion of the chain saw engine starting. control
means (i.e., exemplified by each or both of elements 90
and 90a) in a selected position-determining a starting
condition of the chain saw engine 10.

The .chain saw control means previously. discussed:

also includes the transmitting or linkage means com-

prising elements 83, 85 and 89 which are integrated:in-

a common linkage element and which extend so as to

connect the movable button means 14 with the chain" "

saw compression relief valve means 15. This linkage

__means is operable to hold the chain saw compression
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relief valve means 15 in an open position when the but-
ton means 14 is depressed to the chain saw engine start-
ing condition determining position 14",

This linkage means 83, 85, 89, is supported adjacent
the chain saw engine 10 and is operable to transmit
chain saw compression relief valve opening and closing
force from: the ‘button means 14 to the relief valve

means 15. In this context it will be appreciated that the:

cylinder head means 16b, the decompression port 70,
and the button means 14 are located in generally mutu-
ally displaced relation longitudinally along the axis of
piston reciprocation. '

As will also be appreciated; ‘the chain saw. throttle
controlling trigger means 90a, which is included in the

- chain saw starting condition control means, is'carried
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by the hand grip means 4 as shown in FIGS. 4,10 -and
11, and is mounted generally adjacent the movable but-
ton means 4.

The chain saw decompression port- means 70 is

spaced from: the chain saw cylinder head means 16a

and is operable to be cyclically covered by the chain
saw piston means 22 during reciprocating movement of
the chain saw piston:22 toward the chain saw cylinder
head means 16b.

The chain saw hand grip means 4, the engine starting
condition control means, which may comprise -ele-
ments 90 and/or 90a, and the movable button means
14, at least in’ part, are generally mutually contiguous,

and are located in generally longitudinally displaced - -

relation, as shown in FIG. 4, from the chain saw crank-

shaft 24 with respect to the axis of piston reciprocation..-

These integrated chain saw starting mechanisms. are
operable to facilitate simultaneous manual gripping or
holding of the chain saw 1 while effecting chain saw
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starting in the stabilized manner previously described
and discussed in parent U.S. Pat. No. 3,405,293.

The chain saw hand grip means portion 4 is operable

to permit manual support of the chain saw 1 while an
operator engages the button means 14 and concur-
rently 1) positions at least a portion of the chain saw
engine starting condition control means in the previ-
ously noted starting condition determining position 14’
and 2) positions the chain saw .decompression valve
means 15 in an open position so as to effect a reduced
compression condition in the engine working chamber.
While the chain saw hand grip means is thus engaged,
the chain saw engine extends longitudinally away from
the operator, as shown in FIGS. 4, and 10, along the
axis of piston reciprocation.

The movable button means 14 and the throttle means
90q are positionally related on the chain saw hand grip
means 4 so as to permit the operator, with one hand,
and without releasing the chain saw hand grip means,
to concurrently (1) grip and at least partially encircle
a portion of the hand grip means 4, (2) actuate the but-
ton means 14 and (3) actuate the throttle trigger 90a
with a single digit of the hand which engages the chain
saw hand grip means 4.

As will also be appreciated, the chain saw engine 10
is operable to be started with the working chamber or
interior of the chain saw cylinder wall means 16a being
cyclically and alternately placed in communication
with the atmosphere through the vent means 74-75 and
isolated from this atmosphere in response to reciproca-
tion of the chain saw piston 22.

SUMMARY OF MAJOR ADVANTAGES AND
SCOPE OF INVENTION

A first and foremost advantage of the invention, en-
tailed in the interlocking control and handle mecha-
nism previously described, involves a concept of effect-
ing portable chain saw starting while an operator is en-
abled to concurrently effect starting, engine stabiliza-
tion, and engine decompression. This facilitates safe
starting of an engine, minimization of vibration and er-
ratic engine performance during starting, and reduces
the likelihood of operator injury.

These advantages are particularly important when an
operator is manipulating a chain saw in a position
where the hand gripping the chain saw and effecting
the operation of the integrated control system is ex-
tended away from the operator’s body to a remote loca-
tion. .

Indeed, the history of the chain saw art, exemplified
by a total failure to disclose this integrated starting con-
cept including the interlocked operation of a decom-
pression valve, evidences the unobviousness of the in-
vention which uniquely and synergistically interacts to
promote effective, safe and reliable starting of a porta-
ble chain saw.

Significantly, this integration of the various engine
starting condition determining elements is effected
without imparing the ability of the operator to immedi-
ately manipulate the chain saw engine throttle trigger
so as to develop the starting chain saw engine from a
starting to normal running condition, while concur-
rently gripping and stabilizing a hand grip means of the
engine with one hand. _

As will also be recalled from the foregoing discus-
sion, and the locking concept discussed with reference
to button 14, the movable means 14 may be provided
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with a locking mechanism to releasably secure it in an
appropriate engine conditioning position in relation to
at least one aspect of this starting operation. This en-
ables an operator to “lock-in” a particular engine con-
dition without releasing his hand from the chain saw
stabilizing position shown, for example, in FIGS. 11
and 10. However, this “lock-in” is effected without
“locking” the throttle trigger, i.e., the trigger may be
manipulated while the button remains locked or se-
cured. In short, while button means 14 and the starting
system are functionally integrated, the button means
and throttle are not interlocked. '

Within the spirit and intent of this disclosure, the but-
ton means of FIG. 4 may be employed, in its depressed
portion, to merely abuttingly engage and pivot the
throttle trigger and hold the throttle trigger and throttle
in a “start” position. This functional integration of the
throttle and button means is achieved without inter-
locking these components, as above indicated.

As will also be apparent, the self-locking character of
the button means of FIG. 4 may be employed to secure
the button means in a variety of engine condition deter-
mining position, relating, for example, to the com-
mencement or termination of starting.

The stability during starting as afforded by the inte-
grated control decompression and gripping concept of
the present invention, is believed to be particularly sig-
nificant in relation to chain saws not provided with an-
ti-vibration means. Saws lacking anti-vibration means
are particularly prone to vibration generation such that
stabilization during starting contributes greatly to
safety and reliability of the starting operation.

However, the invention may also enhance the start-
ing of chain saws provided with vibration isolation sys-
tem such as, for example, that disclosed in pending

" Frederickson et al. Application Ser. No. 750,082, filed

45

Aug. 5, 1968, and entitled “Chain Saw with Vibration
Isolation System,” and assigned to the assignee of the
present application. The disclosure of this Frederick-
son et al application is herein incorporated by refer-
ence. :

In incorporating the integrated concepts of the pres-
ent invention in a saw including a vibration isolating
system, it would be appropriate to ensure that the link-
age mechanism extending from the handle button to .

_ the decompression valve was itself provided with anti-
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vibration means so as to avoid the transmission of en-
gine vibration through the linkage to the handle where
the button was mounted. Such a mechanism might be
provided by a linkage component operable to transmit
button manipulating force to the decompression valve
with this anti-vibration mechanism being arranged to
dampen out or not transmit engine vibration to the han-
dle button.

The invention and its attendant advantages will be
understood -from the foregoing description and it will
be apparent that various changes may be made in the
form, construction and arrangement of the parts of the
invention without departing from the spirit and scope
thereof or sacrificing its material advantages, the ar-
rangement hereinbefore described merely by way of
example and we do not wish to be restricted to the spe-
cific form shown or uses mentioned except as defined
in the accompanying claims.

What is claimed is:

1. A chain saw operable to be hand held comprising;

a cutter chain;
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an internal combustion engine operably connected to

said cutter chain for driving said cutter cham in-
cluding

chain saw cylinder wall means,

chain saw cylinder head means closing one end of
said chain saw cylinder -wall means;

chain saw piston means reciprocably mounted in
said chain-saw cylinder wall means for reciproca-
tion along an axis extending axially of said chain
saw cylinder wall means, and

a chain saw crankshaft;

chain saw stationary hand grip means extending gen-
erally longitudinally of the axis of reciprocation of
said ‘chain saw piston means and displaced gener-
ally longltudmally of said cham saw engine in rela-
tion to. said axis;

chain saw control means including,

a chain saw decompression port disposed in a lon-
gitudinally intermediate portion of said chain saw
cylinder wall and operable, when opeén, to facili-
tate starting of said hand held chain saw by pro-
viding communication between the atmosphere
and the interior of said saw cylinder wall,

vent means extending from said chain saw decom-
pression port to the atmosphere,

a normally closed, chain saw compression relief

valve operable to close said: chain saw decom--

pression port,

chain saw engine starting conditions control means
substantially contiguous with said chain saw hand
grip means, and operable to control -a starting
condition of said chain saw engine,

movable means substantially contiguous with said
chain saw hand grip means and operable to per-
mit releasable positioning of at least a portion of
said chain saw engine starting condition control
means in a selected position determining a start-
ing condition of said chain saw engine,
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linkage means connecting said movable means with -

said-chain saw compression relief valve to. hold
said' chain saw compression. relief valve ‘in an
open position when said movable means has posi-
tioned said portion of said chain saw engine start-
ing condition control means in said chain saw en-
gine starting condition determining position;
chain saw throttle controlling trigger means, in-
cluded in said chain saw starting condition con-
trol means, carried by said hand grip means, and
mounted generally adjacent said movable means;
said linkage means being supported adjacent. said
chain saw engine and operable to transmit chain
saw compression relief valve opening and closing
force from said movable means to said chain saw

compression relief valve in said chain saw cylin-"

der wall means,
said linkage means including,

an arm having a first end connected-to an outer end
portion of ‘said-compression  relief valve ‘and -a
second end connected to said movable means,
and

a pivot positioned between said first end and said
second end; said arm being dimensioned with re-
spect to said pivot such that a mechanical advan-
tage is achieved by said second end connected to
said movable means with respect to said first.end
connected to - said - compression relief valve
whereby an operator may readily operatively ma-
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nipulate said movable means and thus open-and
close said compression relief valve;
said -.chain saw decompression . port being spaced
from said chain saw cylinder head means and oper-
able to be covered by said chain saw piston means
during reciprocating movement of said chain:saw
piston means toward said chain saw cylinder-head
mean;
said chain saw hand grip. means, engine starting con-
dition control means, and movable means, at least
in part, being generally mutually contiguous, lo-'
cated in generally longitudinally displaced relation :
from said:chain saw crankshaft with respect to said
axis of piston means reciprocation and operable to
facilitate simultaneous manual holding and starting
of said chain saw;
~said chain saw hand grip means being operable to
permit manual support of said chain saw; with an
~ operator engaging said movable means and concur-
rently posmomng at least said portion of said chain -~
saw engine starting condition control means in said. -
starting condition determining position and said
chain saw compression relief-valve in said open po-
sition, and with said chain saw engine extending -
away from said ‘operator along said axis of piston.
means reciprocation; and
said movable means and said chain saw-throttle con-
trolling trigger means being positionally related on
said stationary chain saw hand grip means so as to
permit said operator, with one hand-and without
releasing said chain saw hand grip means, '
to grip and 4t ledst-partially encircle a portion of .
said stationary hand grip means,
to actuate said movable means, and
“to actuate said:chain saw: throttle controlling ‘trig-:
ger means with a single digit member of said one
hand; .
said chain saw engine being operable:to be started
7" with the interior of said chain saw cylinder wall
means being cyclically and alternately, place in
communication  with ‘said . atmosphere through
said .vent ‘means ‘and isolated from said ‘atmo-
sphere in response to reciprocation of said chain
saw piston means. }
2. A method. of -starting ‘and -operating.a portable . ..
chain saw of the type including a cutter chain, an inter- -
nal.. combustion chain. saw engine -operatively ‘con-
nected to said cutter chain, and a stationary hand grip
positioned generally longitudinally extending with re- -

spect to a cylinder of said. chain saw engine, said

method comprising:
gripping a portion of said hand grip means of the por-
table chain saw with one hand;
while gripping said portion of said chain saw_hand
grip means with said one hand, manipulating mov-
able means mounted on said: portion of said chain
saw hand grip means to concurrently .

-provide and maintain a starting condition.in at least: -+

a portion: of an engine of said chain saw, and
reduce the -compression -level in - a combustion
chamber of said engine; -

. effecting said reduction of pressure in:response to
said manipulating which conditions “at least ‘said
portion of said.chain saw engine for starting includ-
ing the steps of, , :
opening a compression relief valve positioned into

said combustion chamber by,



3,774,303

17

actuating a lever connected with a mechanical ad-
vantage through a fulcrum to the compression
relief valve; )
while gripping said portion of said hand grip means
of said chain saw, maintaining said reduced engine
compression and starting said chain saw engine;
and
after said starting said chain saw engine, and while
continuing to grip said portion of said hand grip
means of said chain saw with said one hand, caus-
ing said movable means to move to a release posi-
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tion and concurrently

terminating the maintenance of said chain saw en-
gine starting condition, and

increasing the compression in said combustion
chamber of said chain saw engine; and

with said one hand, operating a throttle of said chain

saw on said hand grip means generally adjacent

said movable means, while continuing to grip said

portion of said chain saw hand grip means with said

one hand.
* * * * *



