
United States Patent (19) 
Argens 

54 BALANCING SYSTEM 
75) Inventor: Finn T. Ergens, Wauwatosa, Wis. 
73) Assignee: Outboard Marine Corporation, 

Waukegan, Ill. 
22 Filed: Jan. 21, 1971 
(21) Appl. No.: 108,443 

52) U.S. Cl..................... 123/192 B, 74/604, 74/44 
(51 int. Cl.............................................. F16f 15/26 
58) Field of Search .................... 123/192 R, 192 B; 

74/604, 603, 605; 184/6.1, 6.2, 6.3, 6.4., 6.5, 
6.9 

56 References Cited 
UNITED STATES PATENTS 
12/1968 Harkness......................... 23/192 B 
1 1/1959 Sykes, Jr......... ... 123/192 B X 
8/1971 Parlichenko........................ 184/6 D 
OTHER PUBLICATIONS 

CUE Cooperative Universal Engine for Aviation Single 
Cylinder Research by A. W. Pope, Jr. - SAE Journal 

3,415,237 
2,914, 137 
3,600,109 

(11 3,759,238 
(45) Sept. 18, 1973 

(Transactions Vol. 48, No. 1, Jan. 1941.) 

Primary Examiner-Laurence M. Goodridge 
Attorney-Robert E. Clemency, John W. Michael, Ger 
rit D. Foster, Bayard H. Michael, Paul R. Puerner, Jo 
seph A. Gemignani, Andrew O. Riteris, Robert K. Gerl 
ing and Spencer B. Michael 

(57) ABSTRACT 
Disclosed herein is a chain saw including a balanced 
two-stroke single cylinder engine in which balancing is 
provided, at least in part, exteriorly of the crankcase so 
as to maintain the volume of the crankcase as small as 
practical and thereby improve crankcase pumping ac 
tion. More specifically, in the disclosed construction, 
rotary counterweights are carried at opposite ends of 
an engine block exteriorly of the crankcase. In one em 
bodiment of the invention, one of the counterweights 
is driven by the same pinion which drives the chain 
sprocket. In another embodiment of the invention, one 
of the rotary counterweights is also a part of a lubricat 
ing oil pump. 

3 Claims, 9 Drawing Figures 
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BALANCENG SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to chain saws and more particu 
larly to balanced, single cylinder two-stroke engines in 
cluded in chain saws. While prior balancing arrange 
ments have been known for a single cylinder engine of 
the type used in chain saws, such attempts have gener 
ally involved locating the counterweighting interiorly 
of the crankcase, and thereby in general, increasing the 
volume of the crankcase. Also in general, in high speed 
two-stroke engines it is generally desirable to maintain 
the volume of the crankcase as small as practical in 
order to achieve superior fuel pumping characteristics. 
Employment of a counterweighting system which in 
volves substantial increase in the volume of the crank 
case is therefor generally not compatable with high 
speed engine design. 

SUMMARY OF INVENTION 

The invention provides a single cylinder, two-stroke, 
internal combustion engine which is balanced by em 
ploying counterweighting located, at least in part, exte 
riorly of a crankcase which can be constructed to af. 
ford a minimum practical volume when the piston is at 
bottom dead center to afford reliable high speed engine 
performance. 
More specifically, the invention involves the employ 

ment of a pair of rotating counterweights which are lo 
cated in engine block recesses located exteriorly of the 
crankcase, which counterweights balance one-half of 
the reciprocating mass associated with piston move 
ment, i.e., one-half of the shaking forces generated in 
the direction of the cylinder axis in response to piston 
reciprocation, and which additionally provide rotary 
balance for counterweighting provided in the cheeks of 
the crankshaft to complete balancing of the other one 
half of the reciprocating mass associated with piston 
movement, i.e., one-half of the shaking forces gener 
ated in the direction of the cylinder axis in response to 
piston reciprocation. 
The invention also involves employment in a chain 

saw, of an engine in accordance with the invention, to 
gether with driving of the chain sprocket by one of the 
pinions which is located exteriorly of the crankcase and 
which drives one of the exterior counterweights. In ad 
dition, the invention involves providing a lubricating 
pump driven by a rotary member, such as one of the ex 
terior rotary counterweights or an output shaft supply 
ing power to a chain sprocket or other output device. 
One of the principal objects of the invention is the 

provision of a one-cylinder, two-stroke, internal com 
bustion engine which is especially adapted for use in 
chain saws. 
Another of the principal objects of the invention is 

the provision of a two-stroke, one-cylinder, internal 
combustion engine which is particularly adapted for 
high speed operation. 
Another of the principal objects of the invention is 

the provision of a two-stroke, one-cylinder internal 
combustion engine including counterweighting means 
located, at least in part, exteriorly of the crankcase so 
as to permit construction of the crankcase with a mini 
mum practical volume. 
Another of the principal objects of the invention is 

the provision of a chain saw having a two-stroke, inter 
nal combustion engine which is particularly adapted for 
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high speed operation, which includes counterweighting 
located, in part, exteriorly of the crankcase, and which 
can include driving of a chain sprocket or lubricating 
pump by a crankshaft mounted pinion which also 
drives a counterweight located exteriorly of the crank 
C2SC. 

Still another principal object of the invention is the 
provision of a new and improved chain saw which will 
provide a long and useful life. 
Other objects and advantages of the invention will 

become known by reference to the following descrip 
tion and accompanying drawings. 

DRAWINGS 
FIG. 1 is a schematic perspective view of a chain saw 

embodying various of the features of the invention. 
FIG. 2 is a sectional view of the engine embodied in 

the chain saw shown in FIG. , said view being taken 
generally along line 2-2 of FIG. 3. 
FIG. 3 is a sectional view taken generally along line 

3-3 of FIG. 2. 
FIG. 4 is a view similar to FIG. 2 showing a modified 

assembly of the engine shown in FIGS. 2 and 3. 
FIG. 5 is a fragmentary sectional view of still another 

engine embodying various of the features of the inven 
tion. 
FIGS. 6 through 9 are diagrammatic views illustrating 

the counterbalancing system embodied in the inven 
tion. 

GENERAL DESCRIPTION 

Shown in FIG. 1 of the drawings is a chain saw 11 in 
cluding an engine 13 (shown in dotted outline) which 
drives a sprocket 17 (shown in dotted outline) in mesh 
with a saw chain 19 guided for movement on a cutter 
bar 2. 
The engine 13 includes a split engine block 23 in 

cluding half sections 27 and 29 (see FIG. 2) which de 
fine a crankcase 31 communicating with a cylinder 33 
(See FIG. 3) housing a piston 37. As shown, the half 
sections 27 and 29 are assembled (See FIGS. 2 and 3) 
in registry by dowel pins 39 and bolts 41. The half sec 
tions 27 and 29 are respectively provided with out 
wardly opened recessed portions 43 and 47 which are 
respectively closed by caps or covers 49 and 51. As is 
conventional, the cylinder 33 includes an exhaust port 
53 and one or more transfer passages 57 affording com 
munication between the cylinder 33 and the crankcase 
31 when the piston 37 is at bottom dead center. As is 
also conventional, the piston 37 is connected by a con 
necting rod 59 to a crankshaft 61 journaled in spaced 
bearings 63 and 67 respectively mounted in the engine 
block half sections 27 and 29. 
More specifically, the crankshaft 61 includes oppo 

site end portions 69 and 71 which are respectively sup 
ported by the bearings 63 and 67 and which extend out 
wardly from the crankcase 31. In addition, the crank 
shaft 61 includes a crank pin 73 which is offset from the 
rotational axis of the crankshaft 61 and which is pivot 
ally connected to the connecting rod 59. Joining the 
crankshaft end portions 69 and 71 to the crank pin 73 
are a pair of crank cheeks 77 and 79, which respec 
tively include counterweights 81 and 83, each of which 
is in the form of an enlarged portion extending from the 
crankshaft rotational axis in diametrically opposed re 
lation to the crank pin 73 (See FIG. 3). Each of the 
counterweights 81 and 83 is proportioned to balance 
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one quarter of the shaking forces acting along the cylin 
der axis and, in operation, moves in the direction oppo 
site to the reciprocating mass associated with the piston 
37. 
The crankcase 31 also communicates (See FIG. 3) 

through a reed valve 87 with a carburetor 88 which 
supplies a combustibie mixture to the crankcase 31 in 
response to cyclical pressure variation occurring in re 
sponse to piston reciprocation. In this last regard, the 
crankcase 31 is closely fitted around the crank cheeks 
77 and 79 to afford a relatively small crankcase volume 
when the piston 37 is at bottom dead center, whereby 
to increase the efficiency of the crankcase pumping ac 
tion. Such increased pumping efficiency is especially 
desirable in chain saw engines which are being oper 
ated at ever increasing speeds. 

In order to complete balancing of the engine 13 with 
respect to both the shaking forces acting along the cyl 
inder axis and to balance the rotating mass of the crank 
cheek counterweights 81 and 83, while at the same 
time, maintaining a relatively small crankcase volune, 
additional counterweighting means are provided exteri 
orly of the crankcase within the closed recessed por 
tions 43 and 47. 

In this regard, pinions 89 and 91 (See FIG. 2) are re 
spectively mounted on the crankshaft end portions 69 
and 7 extending outwardly from the crankcase 31. In 
addition, counterweights 93 and 97 respectively driven 
by the pinions 89 and 91 are provided exteriorly of the 
crankcase 3. 
More specifically, the pinion 89 is meshed with a gear 

99 which is mounted for rotation about an axis parallel 
to the crankshaft axis and which includes the counter 
weight 93 which is located to balance one-quarter of 
the shaking forces acting along the cylinder axis and to 
rotationally balance one-half of the crank cheek coun 
terweighting. While other arrangements can be em 
ployed, in the disclosed construction, the gear 99 is car 
ried on an extending part of one of the dowel pins 39 
employed in the assembly of the engine block half sec 
tions 27 and 29. 
At the other side of the engine block 23, the pinion 

91 is meshed with gear 101 which is mounted for rota 
tion about an axis parallel to the crankshaft axis and in 
a common plane with the axis of the gear 99 and the 
crankshaft axis. The gear 101 includes the counter 
weight 97 which is located to balance one-quarter of 
the shaking force acting along the cylinder axis and to 
rotationally balance the other one-half of the crank 
cheek counterweighting. While other arrangements 
can be employed, in the disclosed construction, the 
gear 101 is carried on the extending part of another one 
of the dowel pins 39 employed in the assembly of the 
engine block half sections 27 and 29. 
As a consequence of the foregoing disclosed con 

struction, and as shown schematically in FIGS. 6 
through 9, the mass of counterweights 81, 83, 93, and 
97 equals the reciprocating mass associated with the 
piston 37 and moves in the opposite direction from 
such reciprocating mass to effectively balance shaking 
forces acting in the direction of the cylinder axis. In ad 
dition, the counterweights 93 and 97 which are rotated 
by the pinions 39 and 9 rotate in the opposite direc 
tion from the crank cheek counterweights 81 and 83, 
thereby affording rotational balance of the engine 13. 
As a consequence, in the engine 13, the shaking forces 
which act in the direction of the cylinder axis and 
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4. 

which are produced by piston movement are balanced 
and, in addition, full rotary balance of the counter 
weighting is also provided. 
Also in accordance with the invention, and as shown 

in FIG. 2, the outer end crankshaft portion 69 has 
mounted thereon another pinion 103 which meshes 
with a gear 105 mounted on an output shaft 107 ex 
tending parallel to the crankshaft 61. The output shaft 
107 is carried by an outer bearing 109 supported in the 
cover 49 and carries the sprocket 17 which drives the 
saw chain 19. At its other end, the output shaft 107 is 
journaled in a bearing or bushing 11 supported by the 
block half section 27. 
Means are provided on the output shaft 107 for 

pumping lubricating oil in response to the rotation of 
the output shaft 107. While various other arrangements 
can be employed, in the disclosed construction, the 
output shaft 107 includes an axially extending bore a 13 
offset from the shaft rotational axis. Located in the 
bore 113 is a pumping member 115 having an end en 
gaged by a spring 117 located in the bore i3 and act 
ing to bias the pumping member 15 outwardly of the 
bore i3 so as to engage the other or outer end of the 
pumping member 115 against a cam 119 located to ef 
fect reciprocation of the pumping member 15 in re 
sponse to output shaft rotation. In this regard, the out 
put shaft 107, the bushing 111, and the half section 27 
include cooperating porting means operable in re 
sponse to output shaft rotation for selectively commu 
nicating with the bore 113 to supply lubricant to the 
bore i3 and to deliver lubricant from the bore 113 in 
response to reciprocation of the pumping member 115 
in the bore 113. The lubricant delivered by the pump 
can be employed for lubricating the saw chain and for 
lubricating other parts of the engine as may be desired. 
Another of the features of the invention resides in the 

formation of the block half sections 27 and 29 and cov 
ers 49 and 5 to afford power delivery from either end 
of the engine, thereby providing for both left-hand and 
right-hand output. In this regard, the terminal edge 
configuration of both of the recessed portions 43 and 
47 is the same and the mating configuration of both the 
covers 49 and Si is the same, whereby the covers 49 
and Sa can be interchangeably mounted on the half 
section recessed portions 43 and 47. 
Accordingly, there is illustrated in FIG. 4 an engine 

i25 which, in general, is identical to the engine 13 
shown in FIGS. 2 and 3, except as noted hereafter. In 
this regard, the end cover 49 is mounted on the half 
section 23, along with the associated bearing 109, out 
put shaft 07, and connected gear i05. In order to sup 
port the other end of the output shaft 107, a bushing 
127 receiving the output shaft 107 is located in a recess 
a29 in the half section recess portion 23. in addition, 
the crankshaft is recessed so that the end portion 69 
and connected pinions 89 and 103 (respectively in 
mesh with the counterweighted gear 10 and the out 
put gear 05) extend into the recessed portion 47 of 
the half section 23. 
At the other side of the engine, the other cap or cover 

S1 is connected to the half section recessed portion 43, 
and in order to provide a lubricant pump, the pinion 91 
which is meshed with the counterweighted gear 99 is 
also meshed with a gear i3A having a hub 33 received 
in the bushing a . The hub 133 includes an axial bore 
i35 having a pumping member 37 and spring 139 ar 
ranged essentially the same as described in respect to 



3,759,238 
S 

the pumping arrangement shown in FIG. 3. In addition, 
the hub 33 is also provided with a porting means co 
operating with the porting means 123 already provided 
in the bushing 111 and in the half section 27. 
Shown in FIG. 5 is still another modified engine 151 

in which a pinion 153 is mounted on a crankshaft 155 
exteriorly of a crankcase and drives an exterior coun 
terweight 159, as well as a chain sprocket (not shown). 
More specifically, the engine 151 includes a gear 163 
which is mounted on a chain sprocket carrying output 
shaft 165 and which is meshed with the pinion 153 lo 
cated exteriorly of the crankcase 157. In other re 
spects, the engine 151 shown fragmentarily in FIG. 5 
can be constructed in approximately the same manner 
as that described with respect to the engine 13 of FIGS. 
2 and 3. However, in the engine shown in FIG. 5, the 
additional length affording mounting of the previously 
described pinion 103 is not included in the crankshaft 
shown in the engine 151 illustrated in FIG. 5. Thus, the 
engine 155 affords the advantages of having fewer 
parts, as well as being of narrower width. 
Various of the features of the invention are set forth 

in the following claims. 
What is claimed is: 
1. An internal combustion engine comprising an en 

gine block defining a crankcase and a cylinder extend 
ing from said crankcase, a piston reciprocable in said 
cylinder, a connecting rod connected to said piston, a 
crankshaft rotatably mounted by said engine block and 
including first and second end portions co-axial with 
said crankshaft rotational axis and extending exteriorly 
of said crankcase from the opposite sides of said engine 
block, a crank pin offset from the crankshaft rotational 
axis and located within said crankcase, and first and 
second crank cheeks located within said crankcase and 
connecting the ends of said crank pin to said first and 
second crankshaft end portions, said crank cheeks re 
spectively including first and second counterweights 
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6 
located in offset relation to the crankshaft rotational 
axis and in diametrically opposite relation to said crank 
pin so as to each balance one-quarter of the shaking 
forces generated in the direction of the cylinder axis in 
response to piston reciprocation, a first pinion mounted 
on said first crankshaft end portion exteriorly of said 
crankcase, a second pinion mounted on said second 
crankshaft end portion exteriorly of said crankcase, a 
first gear mounted on said engine block exteriorly of 
said crankcase and in mesh with said first pinion for ro 
tation about an axis parallel to and spaced from said 
crankshaft rotational axis, said first gear including a 
third counterweight located so as to rotationally bal 
ance one-half of said first and second crank cheek 
counterweights and so as to balance one-quarter of the 
shaking forces generated in the direction of the cylin 
der axis in response to piston reciprocation, and a sec 
ond gear mounted on said engine block exteriorly of 
said crankcase and in mesh with said second pinion for 
rotation about an axis located in the plane defined by 
said crankshaft axis and said first gear axis and parallel 
to and spaced from said crankshaft rotational axis on 
the opposite side thereof from said first gear axis, said 
second gear including a fourth counterweight located 
so as to rotationally balance one-half of said first and 
second crank cheek counterweights and so as to bal 
ance one-quarter of the shaking forces generated in the 
direction of the cylinder axis in response to piston re 
ciprocation. 

2. A chain saw including an internal combustion en 
gine in accordance with claim 1 and a saw chain drive 
sprocket driven by one of said first and second crank 
shaft end portions. 

3. A chain saw including an internal combustion en 
gine in accordance with claim and a saw chain drive 
sprocket driven by one of said first and second pinions. 
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