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(57) ABSTRACT 

A balancing mechanism for an engine that has a rotating 
crankshaft and reciprocating pistons. The balancing mecha- 
nism comprises a primary balance mass assembly non- 
rotatably and removably affixed to the crankshaft. The 
primary mass assembly comprises a primary mass affixed to 
a primary hub portion and a primary cap portion removably 
affixed to the primary hub portion to clamp a portion of the 
crankshaft therebetween. A secondary balance mass assem- 
bly may be rotatably and removably supported on the 
crankshaft. A driver assembly is affixed to the crankshaft to 
cause the secondary balance mass to rotate in a direction that 
is opposite to the direction in which the crank shaft is 
rotating. The driver assembly may include auxiliary gears 
configured to transport rotary power to auxiliary compo- 
nents. The gears are readily detachable from the apparatus to 
facilitate inspection and repair operations. 

20 Claims, 16 Drawing Sheets 
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as to cancel each other out. However, the components and 
drive arrangements for effecting such counter-rotation of 
counterweights typically occupied a significant amount of 
space within the engine and can add undesirable weight to 

U.S. Pat. No. 3,415,237 to Harkness purported to solve 
the above-mentioned problems associated with driving 
counterbalances within a single cylinder four stroke engine. 
That patent teaches that counterweights located external to 

10 the engine crankcase are driven through a gear arrangement 
attached to the camshaft. However, such arrangement was 
not particularly well-suited for use in multiple cylinder 
engines. 

The designers of multiple cylinder engines must also 
attempt to compensate for forces known as “couples” that 
are generated during the combustion cycles. A couple com- 
prises forces that want to turn the engine about its vertical 
axis. In multiple cylinder engines, it is desirable for the 
pistons in one engine bay to not reach the top of their 

2o respective strokes at the same time that the pistons in an 
adjacent bay are reaching their respective top strokes. If they 
do, engine vibration may be exacerbated. Thus, multiple 
cylinder engines are designed to achieve “even firing” 
between the cylinders. However, because the pistons create 

2s forces in different directions and because the axes along 
which those forces lie are separated from each other (i.e., not 
coaxial), couples are generated which, if left unbalanced or 
uncountered can lead to more engine vibration. 

U.S. Pat. No. 4,632,072 to Brogdon discloses a balancing 
arrangement for a multiple cylinder combustion engine. In 
that engine, a pinion gear is coaxially attached to each axial 
end of the crankshaft. Each pinion gear includes a counter- 
weight that is radially spaced from the crankshaft axis of 

3s rotation. At least one idler pinion gear is rotatably mounted 
to the engine housing and is in meshing engagement with 
one of the pinion gears attached to the crankshaft. Each idler 
pinion includes a weighted portion spaced from its axis of 
rotation. Both the counterweights and the weighted portions 

4o of the idler pinions are angularly spaced from each other by 
a predetermined amount so that, during rotation of the 
crankshaft, the centrifugal force vectors of the crankshaft 
counterweight and idler pinion weighted portions cancel the 
primary moment (couple) generated by the piston recipro- 
cation acting on axially spaced positions along the crank- 
shaft. 

Still other arrangements have been devised to address 
engine vibration. For example, U.S. Pat. No. 1,855,570 to 
Edison, U.S. Pat. No. 2,426,875 to Hasbrouk et al., U.S. Pat. 

so No. 2,666,418 to Gamier et al., U.S. Pat. No. 3,402,707 to 
Heron, U.S. Pat. No. 3,581,628 to Williams, and U.S. Pat. 
No. 3,667,317 to Hillingrathner disclose various means for 
controlling engine vibration. 

Also in most modem day engine configurations and 
5s applications, a variety of ancillary components that require 

some form of power to function are employed. For example, 
many engine applications require the use of hydraulic 
pumps, vacuum pumps, fans, etc. Thus, it is desirable to 
obtain as much of that power from the engine itself, if it can 

60 be done without noticeably effecting the engine’s output. 
While various ancillary drive schemes, such as belts and 
pulleys have been employed, they are not well-suited for use 
in applications wherein minimization of engine size and 
engine weight is an important consideration. 

Perhaps no industry has experienced the above-mentioned 
challenges more so than the aircraft industry. It is axiomatic 
that it is particularly desirable to have a small, lightweight, 

s the engine. 
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1 
ENGINE BALANCE APPARATUS AND 

ACCESSORY DRIVE DEVICE 

FEDERALLY SPONSORED RESEARCH 

Certain of the research leading to the present invention 
was sponsored by the United States Government under 
National Aeronautics and Space Administration (NASA) 
Cooperative Agreement No. NCC3-515. The United States 
Government may have certain rights in this invention. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The subject invention relates to engines and, more 
particularly, to apparatus for countering unbalanced forces 
generated in engines and harnessing power from an engine’s 
crankshaft to drive accessory apparatuses. 

DESCRIPTION OF THE INVENTION 
BACKGROUND 

Over the years, perhaps due to declining fossil fuel 
reserves and other economic factors, designers have been 
challenged to develop engines that are lighter and compact, 
more fuel efficient, more reliable, and easier to maintain than 
prior engines. To address such challenges, engine designers 
must develop new solutions to old problems that have 
confronted engine designers for years. One such problem 
involves the need to minimize vibrations created during the 
engine’s cycle. This need almost universally encompasses 
all types of engine designs the engine’s cycle. This need 
almost universally encompasses all types of engine designs 
regardless of their specific applications and tends to be very 
important in most, if not all, engines that employ recipro- 
cating pistons. 

Within an engine structure, forces are created by the 
inertia of their moving parts and by the varying gas pressures 
in the engine cylinders. Such forces tend to result in deflec- 
tions in the structural members of the engine. Thus, vibra- 
tions of varying amplitudes and frequencies are developed 
throughout the engine structure and are transmitted to a 
support frame through the engine mounts and ultimately to 
various other components attached to the frame. These 
vibratory motions must be controlled to avoid malfunction, 
mechanical failure and/or excessive engine noise. 

Piston reciprocation is one of the main causes of engine 
vibration. Each piston has a mass and inertia and, as it 
reciprocates within a cylinder, it applies a force to the engine 
structure that lies along the cylinder axis. One method 
employed in the past to counterbalance such piston forces 
involved adding a counterweight to the crankshaft to provide 
an inertia force in a direction that is opposite to the direction 
of the piston force. However, the use of such counterweights 
alone proved to be an ineffective method for balancing the 
inertia forces generated by the piston, because the counter- 
weights themselves created additional unbalanced forces 
during rotation of the crankshaft. 

Thus, various other counterbalance configurations have 
been developed in an effort to address those shortcomings. 
One prior method involved the use of counter-rotating 
counterbalances that were timed and so proportioned such 
that the components of their centrifugal forces in a first 
direction resulting from their rotation would be additive and 
in opposition to the piston forces to achieve a desired 
balance, while the components of their centrifugal forces in 
a second direction would be in opposition to each other so 
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fuel efficient aircraft engine that is reliable and can be 
readily maintained. However, the various methods discussed 
above do not lend themselves well for use in such applica- 
tions wherein engine size, weight and reliability may be 
crucial. 

The engine balance apparatuses and accessory drive 
devices that are disclosed in U.S. Pat. No. 6,164,259 to 
Brogdon et al. address the above-mentioned shortcomings. 
In applications wherein frequent inspection is required and 
to reduce downtime associated with inspecting and replacing 
the components of such apparatus, it is desirable that such 
devices be easily removable and replaceable. 

Thus, there is a need for an apparatus for effectively 
reducing engine vibration and counterbalancing forces gen- 
erated within an engine that has components that may be 
easily detached and replaced as necessary. 

There is still another need for apparatus having the 
above-mentioned characteristics and that is relatively com- 
pact and adds little weight to the engine when compared to 
prior engine balance arrangements. 

Another need exists for apparatus with the above charac- 
teristics that does not require the numerous parts commonly 
associated with prior engine balance schemes. 

Yet another need exists for the above-mentioned appara- 
tus that is rugged and reliable and serves to transfer the 
thrust loads from the crankshaft to the gear assembly. 

SUMMARY OF THE INVENTION 
In accordance with a particularly preferred form of the 

present invention, there is provided a balancing apparatus 
for an engine having a rotating crankshaft that has a crank- 
shaft axis. In a preferred form, the balancing apparatus 
includes a primary balance mass assembly that is non- 
rotatably and removably affixed to the crankshaft and a 
secondary balance mass assembly that is rotatably and 
removably supported on the crankshaft. In addition, a driver 
is attached to the crankshaft for causing the secondary 
balance mass assembly to rotate in a direction opposite to the 
direction of rotation of the crankshaft. The primary balance 
mass assembly includes a primary mass that is affixed to a 
primary hub portion and a primary cap portion that is 
removably attached to the primary hub portion to clamp a 
portion of the crankshaft therebetween and define a primary 
balance mass carrier. The apparatus may also include a 
secondary mass that is affixed to a secondary hub portion 
and a secondary cap portion that is removably attached to the 
secondary hub portion to define a secondary hole therebe- 
tween to rotatably receive another portion of the crankshaft 
therein. The secondary cap and secondary hub portions serve 
to define a second balance mass carrier. 

The apparatus may include a primary gear removably and 
non-rotatably supported on the primary balance mass carrier 
and a secondary gear removably and non-rotatably sup- 
ported on the secondary balance mass carrier. The secondary 
gear communicates with the primary gear such that rotation 
of the crankshaft in a first direction causes the secondary 
gear and the secondary balance mass carrier to rotate about 
the crankshaft in a secondary rotational direction opposite to 
the primary rotational direction. 

The present invention may also comprise an engine 
balance mechanism that includes a crankshaft that defines a 
shaft axis and a primary balance mass carrier that is remov- 
ably and non-rotatably attached to the crankshaft. The 
primary balance mass carrier has a primary balance mass 
thereon. The mechanism may further include a secondary 
balance mass carrier that is rotatably and removably 

4 
received on the crankshaft. The secondary balance mass 
carrier has a secondary balance mass thereon. A primary 
gear is removably supported on the primary balance mass 
carrier and a secondary gear is removably supported on the 

s secondary balance mass carrier. At least one auxiliary gear 
is in intermeshing engagement with the primary and sec- 
ondary gears and a gear cage is coaxially supported on the 
crankshaft and supports auxiliary gears therein. 

It is a feature of the present invention is to provide an 
10 engine balance mechanism that is readily detachable from 

the engine crankshaft to facilitate inspection and repair 
operations. 

Accordingly, the present invention provides solutions to 
the shortcomings of prior engine balancing mechanisms and 
schemes. Those of ordinary skill in the art will readily 
appreciate, however, that these and other details, features 
and advantages will become further apparent as the follow- 
ing detailed description of the preferred embodiments pro- 
ceeds. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying Figures, there are shown present 
preferred embodiments of the invention wherein like refer- 

2s ence numerals are employed to designate like parts and 
wherein: 

FIG. 1 is a perspective view of a four cylinder, two stroke, 
horizontally opposed engine with the balancing apparatus of 
the present invention installed therein; 

FIG. 2 is a perspective view of the balancing apparatus of 
the present invention attached to the crankshaft of the engine 
depicted in FIG. 1; 

FIG. 3 is a side view of the crankshaft depicted in FIG. 2; 
FIG. 4 is a cross-sectional view of the crankshaft of FIG. 

FIG. 5 is a partial perspective view of an “fore” drive 

FIG. 6 is an end view of a primary balance mass assembly 
40 of the drive assembly of FIG. 5 showing the crankshaft in 

cross-section; 
FIG. 7 is a cross-sectional view of the primary balance 

mass assembly of FIG. 6 taken along line VII-VI1 in FIG. 
6 with the crankshaft omitted for clarity; 

FIG. 8 is a perspective view of a primary gear of the drive 
assembly of FIG. 5;  

FIG. 9 is an end view of a secondary balance mass 
assembly of the embodiment of FIG. 5; 

FIG. 10 is a cross-sectional view of the secondary balance 
mass assembly of FIG. 9 taken along line X-X in FIG. 9; 

FIG. 11 is a perspective view of the secondary gear of the 
drive assembly of FIG. 5; 

FIG. 12 is a cross-sectional view of the drive assembly of 

FIG. 13 is a partial cross-sectional perspective view of the 

FIG. 14 is another cross-sectional view of the drive 
6o assembly of FIGS. 12 and 13 taken along line XIV-XIV of 

FIG. 12; 
FIG. 15 is another cross-sectional view of the drive 

assembly of FIGS. 12-14 taken along line XV-XV in FIG. 
12; 

FIG. 16 is a collection of front end views of a rotating 
crankshaft having the balancing apparatus of the present 
invention attached thereto; 

30 

3s 
3, taken along line IV-IV in FIG. 3; 

assembly attached to an engine crankshaft; 

4s 

50 

ss FIG. 5;  

drive assembly of FIG. 12; 

65 
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FIG. 17 is a graphical depiction of the positioning of the As can be seen in FIG. 4, the central portion 50 may 
balance masses of the present invention along a rotating include a solid center area 52 and have two coaxially aligned 
crankshaft; bores 54 therein. Radial shoulders 56 may also be formed 

FIG. 18 is another graphical depiction of the instants- around the outer surface of the center portion 50. A first 
neous positions of the balance masses of the present inven- 5 radially extending lubrication port 57 may be provided 
tion about a rotating crankshaft axis; through the central portion 50 into the passage 32 and a 

FIG. 19 is a graphical depiction of those reciprocating and second radially extending lubrication Port 58 may be Pro- 
rotational forces generated within the engine and those vided through the central portion 50 into a passage 62 within 
balancing forces generated by the present invention to the second end As can be Seen in and 42 the 
counteract such reciprocating and rotational forces; and 10 second end 60 ofCrmkshaft20 may have a series of journals 

generated within the engine and the balancing forces gen- therethrough. In addition, a radially extending lubrication 
erated by the present invention to counteract such couple port 65 may be provided through journal 64 and another 
forces. lubrication port 67 may be provided through the journal 66. 

15 Yet another radially extending lubrication port 69 may be 
DETAILED DESCRIPTION OF THE provided through journal 70. 

PREFERRED EMBODIMENTS In the embodiment depicted in FIG. 2, an “aft” balance 
Referring now to the drawings for the purposes of illus- mass “driver” or drive assembly 210’ and a “fore” balance 

trating the present preferred embodiments of the invention mass driver assembly 210 are attached to the crankshaft 20. 
only and not for the purposes of limiting the same there is 2o It will of course be understood that the aft drive assembly is 
shown an engine balance mechanism 10 that is adapted to be attached in proximity to the rear end of the crankshaft and 
advantageously used to balance various internal forces gen- the “fore” drive assembly 210 is attached in proximity to the 
erated in an engine 12. While the engine balance mecha- front end of the crankshaft. Those of ordinary skill in the art 
nisms 10 of the present invention are particularly well-suited will appreciate, however, that the drive assemblies (210, 
for use in connection with horizontally opposed, four 25 210’) may be advantageously attached to any suitable point 
cylinder, two stroke aircraft engines of the type depicted in along the length of the crankshaft. The construction and 
FIG. 1, the skilled artisan will appreciate that the subject operation of the fore drive assembly 210 will now be 
invention may be advantageously employed in connection described. The reader will appreciate that the “aft” drive 
with a variety of other engines, such as, for example, two assembly 210’ is preferably identical to the fore drive 
stroke engines with less than twelve cylinders and four 30 assembly 210 and, therefore, an appreciation of its construc- 
stroke engines with less than six cylinders. Moreover, the tion and operation can be gleaned from the following 
subject invention can work in a variety of different engine discussion concerning the fore drive assembly 210. The 
configurations used in, for example, automobiles, aircrafts, elements of the aft drive assembly 210’ are identical to the 
boats, stationary compressors, etc. It is conceivable that the elements of the fore drive assembly 210. The elements of the 
subject invention could provide advantageous results in any 35 aft drive assembly 210’ will be identified in the drawings 
engine employing a rotating shaft and reciprocating pistons. herein with the same element numbers describing the ele- 
Thus, the scope of protection afforded to the subject inven- ments of the fore drive assembly 210 and with ‘“” symbol. 
tion should not be limited solely to engines of the type The drive assembly 210 includes a primary balance mass 
depicted in FIG. 1. assembly 220 that is non-rotatably and removably affixed to 

More particularly and with reference to FIG. 2, there is 40 the journal 36 of the crankshaft 20. The primary balance 
shown a preferred balance mechanism 10 of the present mass assembly 220 may be fabricated from steel or other 
invention for use in connection with a crankshaft 20 of an suitable material and includes primary hub portion 230 and 
engine 12. It will be understood that crankshaft 20 is a primary cap portion 232 that are removably interconnect- 
rotatably supported within the engine 12 in a known manner able to form a primary balance mass carrier, generally 
for rotation about a crankshaft axis A-A. Crankshaft 20 45 designated as 240. See FIG. 6. As can be seen in FIG. 6, the 
may be machined, forged, or cast from steel or other suitable primary hub portion 230 may be removably affixed to the 
material in a configuration shown in FIGS. 3 and 4. In this primary cap portion 232 by, for example, mechanical fas- 
embodiment, crankshaft 20 has two crankpins 22 that are teners such as bolts 234 and nuts 236. When attached 
radially offset from axis A-A. The skilled artisan will together as shown in FIG. 6, the primary hub portion 230 
further understand that engine 12 has two “bays” (14,16) of 50 and the primary cap portion 232 define a hole 238 in the 
pistons. For the purposes of this description, the first bay 14 primary balance mass carrier 240 for receiving a portion of 
has a first piston 24 and a second piston 25. Pistons (24,25) crankshaft journal 36 therein. Hole 238 is sized relative to 
may be mechanically fastened to the corresponding crankpin the journal 36 such that an interference fit is established 
22 by conventional connecting rods 26. Likewise, the sec- between the primary balance mass carrier 240 and the 
ond bay 16 has a first piston 27 and a second piston 28 that 5s journal portion 36 of the crankshaft 20. To locate the primary 
are fastened to the corresponding crankpin 22 by conven- balance mass assembly 220 in a desired location, a key- 
tional connecting rods 29. See FIG. 2. It will be understood receiving slot 242 may be provided in either of the primary 
that pistons (24, 25, 27, 28) lie in the same plane. hub portion 230 or the primary cap portion 232 for receiving 

Crankshaft 20 further has a first end 30, a central portion a woodruff key 244 protruding from the journal portion of 
50 and a second end 60. The first end 30 may have a 60 the crankshaft 20. The skilled artisan will readily appreciate 
coaxially aligned lubrication passage 32 therethrough and a that such arrangement permits the primary balance mass 
series of journal portions (34,36,38,40) formed thereon. A assembly 220 to be rigidly or non-rotatably affixed to the 
radially extending lubrication port 35 may be provided crankshaft 20, yet it can be easily removed for maintenance 
through the journal portion 34 and another radially extend- and repair purposes. 
ing lubrication port 37 may be provided through the journal 65 As can be seen in FIGS. 6 and 7, a primary balance mass 
portion 36. Likewise, another radially extending lubrication 250 is radially spaced apart from the primary hub portion 
port 41 may be provided through the journal 40. 230 by arms 252. Primary balance mass 250 has a center of 

FIG, 20 is a graphical depiction of those couple forces (64, 66, 68, 70) and a lubrication passage 61 
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gravity (designated as 254 in FIG. 6) that is a predetermined facilitate easy replacement of the secondary bevel gear 300, 
distance “C”’ from the axis B’-B’ (and axis A-Awhen the the secondary bevel gear 300 is removably supported on the 
primary balance mass assembly 220 is coaxially affixed to secondary bearing cap 280 by a pair of outwardly protruding 
the journal 36 of the crankshaft 20). The primary hub portion tabs 302 that are formed on the rear surface of the secondary 
230, the primary balance mass 250, and arms 252 may be 5 bevel gear 300. See FIG. 11. As can be seen in FIG. 9, a pair 
integrally formed from one piece of material. Those of of cavities 288 are provided in the surface 286 of the 
ordinary skill in the art will also appreciate that the primary secondary balance mass carrier 280 for receiving the tabs 
balance mass 250 may be provided in a variety of different 302 therein. The reader will appreciate that such arrange- 
shapes and weights. ment permits the secondary bevel gear 300 to be readily 

As can also be seen in FIG. 6, the primary bearing cap 240 detached from the secondary balance mass carrier 280, yet 
has a bearing surface 256 for receiving a primary driver the secondary bevel gear 300 is non-rotatably supported by 

driver bevel gear 260, the primary driver bevel gear 260 is the secondary bevel gear 300 causes the secondary balance 
removably supported on the primary bearing cap 240 by a mass carrier 280 to rotate with it. 
pair of outwardly protruding tabs 262 that are formed on the 15 The primary and secondary gears (260, 300) are inter- 
rear surface of the primary driver bevel gear 260. See FIG. meshed with at least one, and preferably two, auxiliary bevel 
8. As can be seen in FIG. 6, a pair of cavities 258 are gears 310 in a one-to-one ratio such that balance mass 
provided in the primary bearing cap 240 for receiving the assemblies (220, 270) rotate at the same speed, but in 
tabs 262 therein. The reader will appreciate that such different directions. Thus, in this embodiment, gears (260, 
arrangement permits the primary driver bevel gear 260 to be 2o 300, 310) are sized such that gear 300 will rotate at sub- 
readily detached from the primary bearing cap 240, yet the stantially the same speed as gear 260, except that gear 300 
primary driver bevel gear 260 is non-rotatably supported by will rotate in an opposite direction. 
the primary bearing cap 240 such that it rotates therewith as As can be Seen in FIGS. 12-15, the auxiliary bevel gears 
the primary bearing cap 240 rotates with the crankshaft 20. 310 are retained between the primary and secondary gears 

A secondary balance mass assembly 270 is rotatably and 25 (260,300) in intermeshing engagement therewith by a gear 
removably supported on the journal 36 of the crankshaft 20. cage assembly 320. Gear cage assembly 320 is preferably 
The secondary balance mass assembly may be fabricated fabricated from steel or other suitable material and has two 
from steel or other suitable material and includes second cap end portions 322 that are each adapted to rotatably support 
portion 272 and a secondary hub portion 274 that are a corresponding auxiliary gear 310 along a common axis 
removably interconnectable to form a secondary balance 30 F’-F’ as shown in FIG. 12. A commercially available 
mass carrier, generally designated as 280. As can be seen in bearing (not shown) may be pressed into the outwardly 
FIG. 9, the secondary hub portion 272 may be removably protruding shoulder portions 324 formed on each end 322 of 
affixed to the secondary cap 274 portion by, for example, the gear cage assembly 320 to facilitate rotatable support of 
mechanical fasteners such as bolts 276 and nuts 278. When the auxiliary bevel gears 310 relative to the gear cage 
attached together as shown in FIG. 9, the secondary hub 35 assembly 320. Gear cage assembly 320 is also preferably 
portion 272 and the secondary cap portion 274 define a hole configured to rotatably receive a portion of the crankshaft 20 
282 in the secondary balance mass carrier 280 for receiving therein such that the axis F’-F’ is substantially transverse to 
a portion of crankshaft journal 36 therein. In this the crankshaft axis A-A. See FIG. 12. In addition, in this 
embodiment, a commercially available planer bearing 284 is embodiment, the gear cage assembly 320 is affixed to the 
provided on the journal 36 and the hole 282 is sized to 40 engine housing 321 by a pin 323. Thus, the reader will 
receive the planer bearing 284 therein to facilitate rotational appreciate that the gear cage 320 does not rotate with the 
travel of the secondary balance mass carrier 280 about the crankshaft 20. 
planer bearing 284. See FIG. 12. To further facilitate rotation As can be most particularly Seen in FIGS. 12-14, a 
of the planer bearing 284 on the journal 36, a radially primary annular groove 326 is provided in the exterior of the 
extending lubrication passage 37 is preferably aligned with 45 gear cage 320. The primary hub portion 230 and the primary 
the planer bearing 284 as shown in FIG. 14 to deliver cap portion 232 each have a cavity 243 formed therein that 

planer bearing 284 and the journal 36. It will be appreciated mass carrier 240. See FIG. 7. Counterbore 245 is sized to 

assembly 270 to rotate about the crankshaft 20 while 50 FIG. 12. In addition, an annular lip portion 247 is formed on 
enabling that balance mass assembly 270 to be easily the primary hub portion 230 and is sized to be received 
removed therefrom. within the primary annular groove 326 in the gear cage 

A secondary balance mass 290 is radially affixed to the assembly. Similarly, another lip portion 249, is formed on 
secondary hub portion 272 by arms 292 that support the the primary cap portion and the lip portion is also sized to 
balance mass 290 apart from the secondary hub portion 272. 5s be received in the primary annular groove 326 in the gear 
The secondary balance mass 290 has a center of gravity cage assembly 320. To facilitate easy assembly, the lip 
(designated 294 in FIG. 9) that is a predetermined distance portions (247,249) are sized such that they do not cooperate 
“E”’ from the axis D’-D’ (and axis A-A when the balance to form a continuous annular lip. However, such arrange- 
assembly 270 is coaxially supported on the journal 36 of the ment could conceivably be employed if so desired. Thus, as 
crankshaft 20). The secondary hub portion 272, balance 60 the primary balance mass assembly 220 is rotated, the lip 
arms 292, and the secondary balance mass 290 may be portions (247,249) ride in the primary annular groove 326 
integrally formed from one piece of material. Those of in the gear cage assembly 320. 
ordinary skill in the art will appreciate that the secondary Similarly, a secondary annular groove 328 is provided in 
balance mass 290 may be provided in a variety of different the exterior of the gear cage 320. The secondary hub portion 
shapes and weights. 65 272 and the secondary cap portion 274 each have a cavity 

The secondary balance mass carrier 280 has a bearing 275 formed therein that cooperate to form a counterbore 283 
surface 286 for receiving a second bevel gear 300. To in the secondary balance mass carrier 280. See FIG. 10. 

bevel gear 260. To facilitate easy replacement of the primary the secondary balance mass carrier 280 such that rotation of 

lubrication medium (i.e., liquid crankcase oil) between the 

that such construction enables the secondary balance mass 

cooperate to form a counterbore 245 in the primary balance 

receive a portion of the gear cage 320 therein as shown in 



US 6,427,657 B1 
9 10 

Counterbore 283 is sized to receive a portion of the gear 240 which is clamped to the crankshaft 20. As the primary 
cage 320 therein as shown in FIG. 12. In addition, an annular gear 260 rotates, it causes the auxiliary gears 310 to rotate 
lip portion 277 is formed on the secondary hub portion 272 about axis F’-F’ in the directions represented by arrows “I” 
and is sized to be received within the secondary annular and “J”. The auxiliary gears 310, by virtue of their inter- 
groove 328 in the gear cage assembly 320. Another lip s meshing engagement with the secondary bevel gear 300, 
portion 279 is formed on the secondary cap portion 274 and causes the secondary balance mass assembly 270 (and the 
the lip portion 279 is also sized to be received in the secondary balance mass 290) to rotate in the counterclock- 
secondary annular groove 328 in the gear cage assembly wise direction (represented by arrow “IS’ in FIG. 13) at 
320. To facilitate easy assembly, the lip portions (277,279) substantially the same speed as the crankshaft 20. Thus, this 
are sized such that they do not cooperate to form a com- embodiment operates in the manners described above. In 
pletely continuous annular lip when the secondary hub and addition, however, it will be appreciated that the thrust loads 
secondary cap portions (272, 274) are attached together. generated by the gears 310 are transferred directly to the 
However, such arrangement could conceivably be employed gear cage 320. Likewise, the thrust loads from gears (260, 
if so desired. Thus, as the secondary balance mass assembly 300) are transferred to the balance mass carriers (240, 280) 
270 is rotated, the lip portions (277, 279) ride in the 1s by the surfaces (256,287), respectively. Those loads are then 
secondary annular groove 328 in the gear cage assembly transferred to the gear cage 320 by the lips (247,249) on the 
320. balance mass carrier 240 and by lips (277, 279) on the 

The subject drive assembly 210 can also be most advan- balance mass carrier 280. 
tageously used to harness rotational power from the rotating FIG. 16 illustrates the rotation of the balance masses 
crankshaft 20 and use that power to drive various auxiliary 2o (250’, 290’) of the present invention attached to the crank- 
devices, such as, hydraulic pumps, vacuum pumps, etc. This shaft 20. The engine with its 90” firing order has a primary 
may be accomplished by providing a splined shaft 312 on shaking force and couple unbalanced based on the weight of 
each auxiliary gear 310. The skilled artisan will appreciate the pistons and connecting rods, etc. as they move back and 
that the splined shaft 312 enables the auxiliary gears 310 to forth in the cylinder. That is, the engine shakes from side to 
be coupled to other auxiliary devices in a conventional 2s side while it twists on its mounts in with a frequency equal 
manner. It will be further appreciated, however, that other to its engine speed. As the balance masses of the present 
methods of coupling the auxiliary gears 310 to an auxiliary invention rotate, they add and subtract from each other. This 
device may be successfully employed. Those of ordinary relationship may be gleaned from reference to FIG. 16. 
skill in the art will also understand that the drive assembly 
210 may also be fabricated with only one auxiliary gear 310. 30 tively lightweight means of countering the inertia force 

As the crankshaft 20 rotates and a lubrication medium unbalance which is inherent in “even fire” two stroke 
(i.e., crankcase oil) flows through the passage 32 in the engines with less than 12 cylinders and even fire four stroke 
crankshaft 20, crankcase oil will flow into the gear cage 320 engines with less than six cylinders. The skilled artisan will 
through the passage 37 in the crankshaft 20. Thus, as the appreciate that the horizontally opposed, four cylinder, two 
gears (260,300,310) rotate, they are partially immersed in 35 stroke engine shown in FIG. 1 has an inherent primary force 
a pool of oil. The level of the pool of oil is regulated to a and couple unbalance. Such directly opposed engine, 
desired depth by at least one, and preferably two holes 325 however, internally balances all secondary and higher inertia 
in the gear cage 320. forces. Therefore, additional balancing apparatuses are gen- 

The installation of a drive assembly 210 onto the crank- erally not employed in such engines to counter such higher 
shaft 20 will now be described. The planer bearing 284 and 40 order forces. The subject invention balances the primary 
the secondary bevel gear 300 are positioned on the crank- forces, primary couples and also the rotating unbalance of 
shaft 20 as shown in FIG. 12. The gear cage assembly 320, the crankshaft and connecting rods. 
complete with the auxiliary bevel gears 310, is slid onto the As described herein, the balance mass drive assemblies of 
crankshaft 20 and affixed to the engine block or housing 321 the present invention are preferably coaxially affixed adja- 
by pin 323. See FIG. 29. The secondary bevel gear 300 is 4s cent each end of the crankshaft. However, the drive assem- 
brought into intermeshing engagement with the auxiliary blies may be positioned at other positions on the crankshaft. 
gear 310 and the secondary hub and secondary cap portions The balance masses that are essentially fixed to the crank- 
(272, 274) are placed around the planer bearing 284 and shaft have a “total mass moment” (their mass times the 
located such that the tabs 302 of the secondary gear 300 are radius of rotation of the balance mass center of gravity-i.e., 
received in the cavities 288 in the secondary balance mass 50 distances “C”’ and “E”’) that is approximately equal to the 
carrier 280 and the lip portions (277,279) are received in the rotating unbalance of the crankshaft and the connecting rods 
secondary annular groove 328 in the gear cage 320. The plus one half of the total reciprocating inertia times the crank 
bolts 276 and nuts 278 are tightened to affix the secondary radius. It will be understood that the “reciprocating inertia” 
hub and secondary cap portions (272, 274) together. The is the mass of the pistons, rings, piston pins, oil entrained 
primary gear 260 is then positioned on the crankshaft 20 in ss within the piston and other masses attached to the piston plus 
meshing engagement with the other auxiliary bevel gear the effective reciprocating inertia of the connecting rod. The 
310. The primary hub and primary cap portions (230, 232) reciprocating inertia is generally approximated as one third 
are placed around the crankshaft 20 and are located such that the connecting rod weight. However, it will be appreciated 
the tabs 262 of the primary bevel gear 260 are received in the by the skilled artisan that the reciprocating inertia may be 
cavities 258 and that the lip portions (247,249) are received 60 more precisely determined by mathematical distribution of 
in the primary annular groove 326 in the gear cage assembly the connecting rod mass and moment of inertia to the 
320. effective crankpin and small end centers. In a preferred 

The operation of the drive assembly 20 will now be embodiment, the counter-rotating balance masses have a 
described. As the crankshaft 20 rotates in a clockwise balance moment of approximately one half the reciprocating 
direction (represented by arrow “H’ in FIG. 13), the primary 65 inertia times the crank radius. The precise mass-moment for 
gear 260 also rotates in that direction by virtue of being the balancing masses may be calculated from the recipro- 
non-rotatably supported by the primary balance mass carrier cating inertia, the rotating mass moment, and the positioning 

The present balance mechanism is a and 
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of the balance masses on the crankshaft by using the 

In a preferred embodiment, the first balance masses are 

counter rotating balance masses are geared to the crankshaft 5 
in a desired timing scheme such that the mass moments add 
to each other to counteract and effectively cancel the recip- This result shows that an opposed cylinder engine has 
rocating inertia of the pistons and associated parts in the only a first order reciprocating force on each crank. The 
plane of the cylinders. The timing and placement of the secondary and higher orders are counteracted by the oppos- 
balance masses are arranged such that the forces of the 10 ing cylinder. The unbalanced reciprocating force derived 
balance masses counteract and effectively cancel each other above can be represented by a rotating mass vector projected 
in a plane perpendicular to the cylinders. The skilled artisan onto the cylinder plane. This rotating vector has a mass 
will also appreciate that, with the above-mentioned param- moment of 2w2Romo and is aligned with the cylinder 
eters in mind, the balance masses may also be advanta- centerline and rotates with the crankshaft. 
geously positioned on the crankshaft to effectively cancel 15 2. Total reciprocating force for the combined crank #1 and 
the inherent unbalanced couple of the reciprocating pistons. crank #2: 

Those of ordinary skill in the art will appreciate that the 
following empirical equations may be used in a known 
manner to calculate the various parameters described above. 
Such equations can be particularly advantageous in calcu- 2o 
lating such parameters for a four cylinder horizontally 
opposed, even fire, two stroke engine with two crank pins. 
The following equations are provided herein to illustrate the 
mechanics of the present invention which can be success- 

equations set forth below. D2S DrZw2R(CoseC4a2c0S2ec 16a4cos4ec36a6cos6ec ' "  

attached to the crankshaft in a desired position and the w2R[-cose + 4a2cos2e + 16a4cos4e + 36a6cos6e + . . . ) = 2w2Rcose 

Reciprocating force on crankpin 

D2S 
-crank #I = 2m0 *w2Rocose 
Dt2 

F' = M o  

Reciprocating force on crankpin #2: 

D2S 
-crank #2 = 2m0 *w2Rocos(e - i~)  = 2mo w2Rosine 
Dt2 F2 = mo fully applied to a variety of engine configurations. 2s 

Four Cylinder Opposed Engine Balance Analysis: 
Glossary of terms: 

R=crank radius Combining these two equations gives the total recipro- 
cating force unbalance: o=crankshaft velocity (radiansisecond) 30 

O=crankshaft angle from reference number one top center F,=Fl+Fz=2m,&o*wZ cos a+2m,$0*wZ 
L=connecting rod length (center of crankpin to center of 

pin radius) sin a=2m,po*wz[cos a+sin 

a ]=2m,&o*wz*~~cos  a cos 

%+sin a 

m=mass of piston and connection rod small end 

Piston Acceleration in one bay of an opposed engine: 
1. Unbalanced Reciprocating Forces 3s 

E w 2 R ( c o s ( B  +4a2cos2B + 16a4cos4B+ 36a6cos6B + 
Df2 

Where: 

Piston #1 (Piston #24): 

D2S 
-w2R(cose + 4a2cos2e + 1 6 ~ ~ 0 ~ 4 ~  + 36a6cos6e + 
Dt2 

Piston #2 (Piston 25): 

2 = u 2 R [ c o s ( a + n )  + 4 a 2 c o s ( 2 a + 2 n )  + 

1 6 a 4 c o s ( 4 a + 4 n )  + 3 6 a 6 c o s ( 6 a + 6 n )  + ) 

1 Z[cos(a-%)] 

40 3. Total combined reciprocating-induced couple for crank- 
pin #1 and crankpin #2: 

C, = CI - C2 + -2moRo w2[cose - sine] 
2 

4s 
= &moRo * w 2 f i [ c o s e c o s ~  - sinesin:] 

= f i & m o R o  w2[cos(e + i)] 
4 4 

so 
4. Balance masses to balance the reciprocating force: 

Forward balance mass fixed to the crankshaft: 

fll=m&b*wZ cos(a+n-%)=m&b*wz cos(a-%) 

1 5s Forward balance mass counter rotating to the crankshaft: 

flZ=m&b*wZ cos(an+n+%)=m&b*wz co~[-(a-n-%)]=-m&~*w~ 
COS(a-?'4) 

Rear balance mass fixed to the crankshaft: 

fZ1=m$b*wZ cos(a+n-%=-m$b*wZ cos(a-%) 60 

Rear balance mass counter rotating to the crankshaft: 
u 2 R [ - c o s a +  4a2cos2a+16a4cos4a+ 36a6cos6a+ ) 

fZZ=m&b*wZ cos(-a+n+%)=m&b*wz c o s [ - ( c ~ ~ - ~ i ) ] = - m & ~ * w ~  
COS(a-./) 

65 
The combined reciprocating force for #1 crank (#1 piston The total force generated by those four rotating balance 

(i.e., Piston 24) and #2 piston (i.e., Piston 25)): masses will be: 
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Fb = fJ  = -4*mbRb*w2c0s(u- i r /4)  
,,J=l 

To balance the reciprocating force set: 

Fb+F,=O 

i.e. 

4 * m & b * ~ 2  cos(cr-%)-2t7*m,&o*w2 cos(cr-%)=~ 

Therefore: 

m&bt7/~*m,&o=0.707~*m,&o 1s 

5. Balance mass to balance the reciprocating force induced 
couple: 

Forward balance mass fixed to the crankshaft: 

c11=Lpl$b*w2 cos(cr+n+%)=-Lp$b*w2 cos(cr+%) 
20 

Forward balance mass counter-rotating to the crankshaft: 

c12=Lplpb*w2 cos(-cr+n-%)=-Lplp,*WZ cos(a+%) 2s 

Rear balance mass fixed to the crankshaft: 

cZl=Lplpb*w2 cos(a+%) 

Rear balance mass counter-rotating to the crankshaft: 30 

Cz2=L&Rb*w2 cos(-cr%)=Lpl$b*w2 cos(cr+%) 

The total couple generated by those four rotating balance 
masses will be: 3s 

5 
7. Rotating masses fixed to crankshaft to balance the piston 
induced rotating force and couple: 

Centrifugal force for the first crank: 

10 F,,=mp0*w2 cos a 

Setting two pieces of rotating mass fixed to the crankshaft 
to balance both the force and couple, the forces generated by 
those two masses must satisfy: 

40 

To balance those reciprocating-induced couples, set: 

C,+C,=O 

Force balance: 

fbll+fb21=Fr1 

And couple balance: 

fbllLl+fb21L2 

Therefore: 

Considering: 

F,=mpi*w2 cos a 

There is: 

By the same reasoning, the following equations can be 
derived for the second crankpin: 

i.e. 4s  
Ro 4 
Rb LI + L2 mr 

mblZ = - ~ 

4*L&fPb*W2 cos(cr+~h)-t7*L@'po*w2 cos(cr+%)=O 

Therefore: 
so 

m,Rb = f i / 4 * 5 m o R o  To combine the two fixed reciprocating balance masses 
and the two fixed rotating unbalance masses into just two 
masses: 

LC 

6. Combined four-piece rotating masses to balance the 
reciprocating force and couple: Set mi to be the mass either ss 
fixed to the crankshaft or counter-rotating to the crankshaft 
each with an arm length of R,. These masses are to balance 
both the reciprocating inertia force and couple. 

mblRb = d w  = 

( L C - O . ~ * & ) ~ - ( L C C O . ~ * & ) ~  
(Lc-O.5*&)+(Lc+O.5*&)  

= m , R o  * - mlRo*- 
LI +L2 

J0.5 + 0.125 *(& / L c ) ~  *m,Ro 60 
m,Rb = 

65 
To calculate the angle between the vector of this mass with 
that of the m,R,: 

4 0 . 5  + 0.125 * (b /LC)' *m,Ro 
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The vector angle of these forces to that of the (-FJ is: 

FIGS. 17 and 18 are graphical depictions of a crankshaft 
illustrating the positions of the balance masses for the 
embodiment described above. As can be seen in those 
Figures, the pistons (24,25) in the first bank 14  are arranged 
about axis A-A at 90” relative to each other. FIG. 18 is an 
instantaneous snap shot of the rear crank throw when the 
pistons are at “top dead center”. The total reciprocating 
forces “F Recip.” are located at an approximately 45” angle 
between the pistons (24,25) and (27,28). Likewise, the total 
reciprocating couple force “C Recip.” is located 90” from 
the F Recip. The balance masses (250 and 250’) that are 
affixed to the crankshaft are located approximately 17.4” on 
each side of the force vector of F Recip. Similarly, the 
counter rotating balance masses (122, 122’) are located 
approximately 17.4” on each side of the force vector C 
Recip. 

FIGS. 19 and 20 are additional graphical representations 
of the present invention’s ability to effectively balance 
reciprocating and rotating forces and couples. More 
specifically, FIG. 19 is a graphical depiction of the various 
reciprocating and rotational forces generated by each cylin- 
der and by the balance masses of the present invention. The 
reader will appreciate that: 

“Bal Fll”=The reciprocating force generated by the first 
piston 24 in the first bay 14; 

“Bal F12”=The reciprocating force generated by the sec- 
ond piston 25 in the first bay 14; 

“Bal F22”=The reciprocating force generated by the sec- 
ond piston 28 in the second bay 16; 

“Bal F21”=The reciprocating force generated by first 
piston 27 in the second bay 16; 

“Rec. Force”=The total reciprocating forces (unbalanced) 
generated in both bays (14, 16); 

“Rota Force”=The total rotational forces (unbalanced) 
generated by the pistons; 

“Total unbal”=The total unbalance forces within the 
engine (i.e., total unbalanced reciprocating forces+the 
total unbalanced rotational forces); 

“Total bal FF”=The total forces generated by the balance 
masses (88,88’ 122,122’) of the present invention; and 

“Resid force”=The remaining or residual amount of 
forces remaining when the balance masses forces can- 
cel (i.e., balance) the total unbalanced forces. 

Thus, as can be seen from FIG. 19, there is very little 
residual reciprocating and rotational forces remaining in the 
engine after the balance masses have been added in accor- 
dance with the present invention. 

FIG. 20 is a graphical depiction of the couple forces 
generated within the engine 12 wherein: 

“Couple”=The total couple forces generated from the 

“Bal Cll”=The couple created by balance mass 88’; 
“Bal C12”=The couple generated by the balance mass 

“Bal C22”=The couple generated by balance mass 122; 
“Bal C21”=The couple generated by balance mass 88; 
“Total CC”=(C22+C21)-(Cll+C12); 
“Couple Rot”=Total couples generated from the rotational 

reciprocating forces within the engine bays; 

122’; 

forces within the engine; 

16 
“Residual”=(Couple+TotalCC+CoupleRot)/(Couple+ 

Total Recip. )*loo. Therefore, as can be seen from FIG. 
18, after applying the balance masses in accordance 
with the present invention, the remaining couple forces 
within the engine are very small. 

The skilled artisan will appreciate that the timing and 
placement of the balance masses re designed such that the 
forces of the balance masses counteract and effectively 
cancel each other in a plane perpendicular to the cylinders. 
There is essentially an infinite choice in the particulars of the 
timing and positioning of the balance masses for balancing 
the reciprocating inertia and vertical forces. The balance 
masses of the subject invention are also arranged to balance 
the inherent unbalanced couple of the reciprocating pistons. 

Thus, from the foregoing discussion, it is apparent that the 
present invention has many advantages over the prior appa- 
ratuses and methods employed to balance various forces 
within an engine. By mounting the balance masses coaxial 
with the crankshaft, less space is occupied by those members 
within the engine. Such coaxial arrangement of the balance 

20 masses also enable larger swing radiuses of the balance 
masses to be employed when compared to prior arrange- 
ments. The weight required for the balancing masses is 
inversely proportional to the radius of swing thereof. Thus, 
the unique mounting arrangement for the balancing masses 

zs of the present invention enable smaller balancing masses to 
be employed. Also, by coaxially mounting the balancing 
masses directly to the crankshaft, those rotating masses tend 
to act directing on the crankshaft which can lead to a 
reduction of the bearing forces, crankcase forces, and vibra- 

30 tion generated when compared to a conventional arrange- 
ment that utilizes balance weights mounted to separate 
shafts within the engine. In such conventional methods, the 
unbalanced forces are transmitted through the engine bear- 
ings to the crank case. That is, the balancing shaft balancing 

35 forces are transmitted through the bearings of the two 
balance shafts into the crankcase where they combine with 
and cancel the unbalanced forces from the crankshaft. In the 
present invention, the unbalanced and balanced forces act 
directly on the crankshaft with the force cancellation occur- 

40 ring within the crankshaft. Little or no unbalance or coun- 
tering balance force is transmitted to the crankcase. Thus, 
engine bearings can be made smaller which leads to a light 
and less costly engine. Also, by coaxially mounting the 
balance masses to the crankshaft, the need for additional 

45 counterweight shaft arrangements employed in prior balance 
arrangements are not required. Therefore, the present inven- 
tion can result in a lighter more compact engine. 

In addition, the present invention represents unique and 
novel apparatus for solving the above-mentioned problems 

SO that is readily detachable from the crankshaft. Disassembly 
is required for component replacement and inspection. In 
addition, such arrangement permits the bevel gears to be 
supported by a cage pilot arrangement. Moreover, such 
apparatus permits the thrust loads to be handled by the 

ss balance assembly itself, instead of such loads being applied 
directly to the crankshaft. Such arrangement also provides 
for the lubrication of the balance assembly gears. Those of 
ordinary skill in the art will, of course, appreciate that 
various changes in the details, materials and arrangement of 

60 parts which have been herein described and illustrated in 
order to explain the nature of the invention may be made by 
the skilled artisan within the principle and scope of the 
invention as expressed in the appended claims. 

5 

10 . . 

What is claimed is: 
1.  Balancing apparatus for an engine having a rotating 

crankshaft that has a crankshaft axis, said balancing appa- 
ratus comprising: 

65 
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a primary balance mass assembly non-rotatably and 
removably affixed to the crankshaft, wherein said pri- 
mary balance mass assembly comprises: 
a primary mass affixed to a primary hub portion; and 
a primary cap portion removably affixed to said pri- 

mary hub portion to clamp a portion of the crank- 
shaft therebetween; 

a secondary balance mass assembly rotatably and remov- 
ably supported on the crankshaft; and 

a driver attached to the crankshaft for causing said sec- 
ondary balance mass assembly to rotate in a direction 
opposite to the direction of rotation of the crankshaft. 

2. The balancing apparatus of claim 1 wherein said 

a secondary mass affixed to a secondary hub portion; and 
a secondary cap portion removably affixed to said sec- 

ondary hub portion to define a second hole therebe- 
tween to rotatably receive a portion of the crankshaft 
therein. 

3. The balancing apparatus of claim 1 further comprising 
a key-receiving slot in one of said primary hub and primary 
cap portions for receiving a locating key protruding from a 
portion of the crankshaft. 

4. The balancing apparatus of claim 2 further comprising 
a sleeve bearing received between said secondary cap and 
secondary hub portions and the crankshaft. 

5. Balancing apparatus for an engine having a rotating 
crankshaft that has a crankshaft axis, said balancing appa- 
ratus comprising: 

a primary balance mass assembly non-rotatably and 
removably affixed to the crankshaft, wherein said pri- 
mary balance mass assembly comprises: 
a primary mass affixed to a primary hub portion; and 
a primary cap portion removably affixed to said pri- 

mary hub portion to clamp a portion of the crank- 
shaft therebetween, wherein said primary cap and 
primary hub portions form a primary balance mass 
carrier; 

a secondary balance mass assembly rotatably and remov- 
ably supported on the crankshaft, wherein said second- 
ary balance mass assembly comprises: 
a secondary mass affixed to a secondary hub portion; 

and 
a secondary cap portion removably affixed to said 

secondary hub portion to clamp a portion of the 
crankshaft therebetween, and wherein said second- 
ary cap and secondary hub portions form a secondary 
balance mass carrier; 

a driver attached to the crankshaft for causing said sec- 
ondary balance mass assembly to rotate in a direction 
opposite to the direction of rotation of the crankshaft, 
said driver comprising: 
a primary gear non-rotatably supported by said primary 

balance mass carrier; 
a secondary gear non-rotatably supported by said sec- 

ondary balance mass carrier and drivingly commu- 
nicating with said primary gear such that rotation of 
the crankshaft in a primary direction causes said 
secondary gear and said secondary balance mass 
assembly to rotate about the crankshaft in a second- 
ary rotational direction opposite to said primary 
rotational direction. 

6. The balancing apparatus of claim 5 wherein said 
primary balance mass carrier has a pair of first cavities 
therein for receiving corresponding first tabs protruding 
from said primary gear. 

secondary balance mass assembly comprises: 

S 

10 

1s 

20 

2s 

30 

3s 

40 

4s 

so 

5s 

60 
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7. The balancing apparatus of claim 5 wherein said 

secondary balance mass carrier has a pair of second cavities 
therein for receiving corresponding second tabs protruding 
from said secondary gear. 

8. The balancing apparatus of claim 5 further comprising: 
at least one auxiliary gear in intermeshing engagement 

with said primary and secondary gears; 
a gear cage supportable on the crankshaft, said gear cage 

supporting said auxiliary gears therein; 
a primary annular groove in said gear cage; 
a primary lip portion on said primary balance mass carrier 

and being slidably received in said primary annular 
groove; 

a secondary annular groove in said gear cage; and 
a secondary lip portion on said secondary balance mass 

carrier and being slidably received in said secondary 
annular groove. 

9. The balancing apparatus of claim 7 wherein said gear 
cage has a lubricating medium therein. 

10. The balancing apparatus of claim 9 wherein said 
lubricating medium comprises a liquid and wherein said 
gear cage has means for maintaining said liquid at a prede- 
termined level within said gear cage. 

11. The balancing apparatus of claim 10 wherein said 
means for maintaining comprises a pair of opposing lubri- 
cating holes in said gear cage. 

12. An engine balance mechanism, comprising: 
a crankshaft defining a shaft axis; 
a primary balance mass carrier removably and non- 

rotatably attached to said crankshaft and having a 
primary balance mass thereon, wherein said primary 
balance mass carrier comprises: 
a primary hub portion; and 
a primary cap portion removably affixed to said pri- 

mary hub portion to clamp a portion of the crank- 
shaft therebetween; 

a secondary balance mass carrier rotatably and removably 
received on said crankshaft and having a secondary 
balance mass thereon; 

a primary gear removably supported on said primary 
balance mass carrier; 

a secondary gear removably supported on said secondary 
balance mass carrier; 

at least one auxiliary gear in intermeshing engagement 
with said primary and secondary gears; and 

a gear cage coaxially supported on said crankshaft and 
supporting said auxiliary gears therein. 

13. The balancing apparatus of claim 12 wherein said 

a secondary hub portion; and 
a secondary cap portion removably affixed to said sec- 

ondary hub portion to define a second hole therebe- 
tween to rotatably receive a portion of the crankshaft 
therein. 

14. The balancing apparatus of claim 12 wherein said 
primary balance mass carrier has a pair of primary cavities 
therein for receiving corresponding primary tabs protruding 
from said primary gear. 

15. The balancing apparatus of claim 12 wherein said 
secondary balance mass carrier has a pair of secondary 
cavities therein for receiving corresponding secondary tabs 
protruding from said secondary gear. 

16. The balancing apparatus of claim 12 further compris- 
ing: 

secondary balance mass carrier comprises: 
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a primary annular groove in said gear cage; 
a primary lip portion on said primary balance mass carrier, 

said primary lip portion slidably received in said pri- 
mary annular groove; 

S a secondary annular groove in said gear cage; and 
a secondary lip portion on said secondary balance mass 

carrier, said secondary lip portion slidably received in 
said secondary annular groove. 

17. The balancing apparatus of claim 12 wherein said gear 
cage has a lubricating medium therein. 

18. The balancing apparatus of claim 17 wherein said 
lubricating medium comprises a liquid and wherein said 
gear cage has means for maintaining said liquid at a prede- 
termined level within said gear cage. 

19. The balancing apparatus of claim 18 wherein said 
means for maintaining comprises a pair of opposing lubri- 
cating holes in said gear cage. 

1s 

20. An internal combustion engine, comprising: 

a plurality of pistons operably supported within the engine 
and affixed to said crankshaft for causing said crank- 
shaft to rotate in a primary direction; 

a rotatably supported crankshaft; 20 

20 
a primary balance mass carrier removably and non- 

rotatably attached to said crankshaft and having a 
primary balance mass thereon, wherein said primary 
balance mass carrier comprises: 
a primary hub portion; and 
a primary cap portion removably affixed to said pri- 

mary hub portion to clamp a portion of the crank- 
shaft therebetween; 

a secondary balance mass carrier rotatably and removably 
received on said crankshaft and having a secondary 
balance mass thereon, wherein said secondary balance 
mass carrier comprises: 
a secondary hub portion; and 
a secondary cap portion removably affixed to said 

secondary hub portion to define a second hole ther- 
ebetween to rotatably receive a portion of the crank- 
shaft therein; and 

a driver attached to said crankshaft for causing said 
secondary balance mass assembly to rotate in a direc- 
tion opposite to said first direction. 

* * * * *  
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