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(54) Star engine

(57) Star Engine is a four stroke internal combustion
engine, which converts the eccentric motion of the center
of the rotor directly to a rotary motion of a main shaft.

X =cos 6

This engine is formed by the principle a small circle rolling
inside a larger one (FIGURE 1). The star shape of both
the rotor and stator are formed by the ratio between them
(FIGURE 2).
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Figure 21
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Description
[0001]
1. The Star Engine is based on the principle:

WHEN A CIRCLE ROLLS INSIDE A LARGER
ONE, ITS MOVEMENT IS DETERMINED BY
THE RATIO BETWEEN THEM.

2. The movement of any point on the small circle is
determined by the trigonometric equation:

r=cos 9 +ncos a

Whereris the path of a point on the World Coordinate
System, cos 6 is the eccentric diameter of the ec-
centric shaft in degree (r = cos 0 is equation of a
circle), n is a distance other than 0 (values either
being positive or negative) or the radius of the ec-
centric diameter of the central point, and cos a is the
ratio of the difference of the two circles in size, also
in degree. For example: the difference of the two
circles of the Star Engine 651 is 5 to 1 in degree.

When 6 =30°, oo =6°,and when 6 =60°, o - 12°,
and so forth.

3. The position of x and y of any point on the World
Coordinate System can be found by these equations:

x=cos 0 +ncos a

And,

y =sin 0 -n sin a

PART 2: The Application

[0002]

1. Depending on the sizes between the two circles,
this ratio can vary, meaning the types of Star Engine
may also vary:

e Theratio of 3:4 creates a Star Engine Type 431,
which the rotor is a three-pointed star and the
stator is a four-pointed star. This engine comes
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with two spark plugs and two sets of valve trains.

* Theratio of 5:6 creates a Star Engine Type 651,
which the rotor is a five-pointed star and the sta-
tor is a six-pointed star. This engine comes with
three spark plugs and three sets of valve trains.

* Theratio of 7:8 creates a Star Engine Type 871,
which the rotor is a seven-pointed star and the
stator is an eight-pointed star. This engine
comes with four spark plugs and four sets of
valve trains.

The first digit is the size of the large circle, or the
stator. The second digit is the size of the small circle,
or the rotor. The third digit, 1, is the difference be-
tween the large and small circle, or the diameter of
the eccentric rotation of the eccentric shaft.

2. This ratio can be added up, and the small number
is always the rotor

3. The number of rotors in an engine can vary, being
single, double, triple, quadruple, etc

4. Star Engine is created by applying the principle of
a small circle rolling inside a larger one (FIGURE 1).
Star Engine is built by taking advantage the eccentric
turning of the small circle’ s center point, as well as
the movement of a contacting point between the two
circles (FIGURE 2), the increasing and decreasing
of gaps between the rotor (small circle) rolling inside
the stator (large one) (FIGURE 3), and the ability to
mathematically calculate the movement and journey
of the small circle (Figure 21).

5. Star Engine is a four stroke internal combustion
engine, where fuel is burnt inside to produce power.
The four strokes are: intake, compress, power, and
exhaust.

Intake Stroke (FIGURE 4)

[0003] The intake stroke starts when both the rotor and
stator are completely closed (follow the dot on the end
of the rotor). When the eccentric shaft starts to revolve
clockwise, it forces the rotor to roll counter-clockwise and
the gap between rotor and stator is open (or vice-versa).
This situation forms low-pressure with a vacuum-like ef-
fect inside the combustion chamber. A mixture of fuel
and air is then drawn into the combustion chamber when
the intake valve opens.

Compression Stroke (FIGURE 5)

[0004] Both the intake and exhaust valves are closed
by the end of the intake stroke. This means that the mix-
ture of fuel and air is "trapped" inside the combustion
chamber. As the rotor continues to roll, the gap between
the rotor and the stator is closed, and the mixture is com-
pressed.
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Power Stroke (FIGURE 6)

[0005] A spark is provided inside the combustion
chamber near the end of the compression stroke, which
causes the mixture of fuel and air to explode. This explo-
sion forces the gap between rotor and stator to open
again. The explosion stroke is the single source of power
to manipulate the engine.

Exhaust Stroke (FIGURE 7)

[0006] After the mixture of fuel and air is ignited, com-
busted, and completely burned, it needs to be forced out
and replaced with a fresh mixture for the next cycle. As
the gap between the rotor and stator begins to close
again, the exhaust valve opens and the burned gases
are pushed out. A new cycle is then started.

PART 3: The Embodiments of the Invention

[0007] From the above opportunity, many variations of
the engine may be built. A Star 651 water-cool with twin
rotors in FIGURE 8 is used as an example.

[0008] The large circle is cut along the path of the rotor
to a six-pointed star called a stator, which is the housing
for the rotor (1 & 5).The stator has a built-in rotor wall on
the inner part of the stator (7) which is chrome-plated on
the inner faces to prevent wearing. The stator is housing
for three spark plugs and is divided into three complete
valve train systems. (FIGURE 3)

[0009] The water-cool stator is casted by a light but
strong material such as aluminum, and is thin-walled (wa-
ter pocketing) for the cooling liquid such as water to run
through inside using a pump. The heated water then
passes through a radiator (not shown) for cooling and
reusing. The stator is grooved on both sides, and is
sealed with a pair of outer and inner gaskets (8 & 9).
[0010] The rotor is housed on the front side by a front
rotor cover (2). This partis cast-iron, which is heat-treated
and hardened on side that houses the rotor. This part is
water pocketed for cooling. This part also houses the
planetary gearset (FIGURE 11), the oil pump (FIGURE
17), the alternator (FIGURE 18), the thermostat, the wa-
ter pump (FIGURE 19)

[0011] In the middle of the front and the rear rotors is
the intermediate rotor cover (4). In the top portion below
the top camshaft holder is a built-in intake air tunnel that
draws air from the air inlet on the left side to the right side
of the engine. This part is thin-walled for cooling, and at
the center of this part is a large through hole that houses
the eccentric shaft. This part is heat-treated and hard-
ened on both sides to house the front and rear rotors.
[0012] The rear end of the rear rotor is also housed by
arearrotor cover (6).This part is also thin-walled for water
cooling. This part is cast-iron, and is also heat-treated
and hardened on the side where it houses the rotor. In
the center of the part there is a hole that houses for the
planetary gearset.
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[0013] The small circle in the shape of a five-pointed
star called a rotor, which rolls inside its rotor housing (11a
& 11b). The rotor has built-in combustion chambers hol-
lowed on all of its lowest faces (12). The rotor is grooved
on the front and the back for sealing, and each peak is
also grooved for apex seals (20 & 21). The rotor is the
main part that creates power for the output.

[0014] The rotor revolves the main shaft eccentrically
to convert the eccentric turning of the rotor to a circular
turning on the output. This output shaft is called the ec-
centric shaft (24), which is mounted with a planetary
gearset in the central axis of the engine, which is also
the center of the stator.

[0015] The planetary gearset (FIGURE 10 & 11) is a
mechanism device used to converse the eccentric motion
of the rotor to the rotary motion of the eccentric shaft,
meshing the rotor to revolve on its own path without
touching the rotor wall, setting the alignment of the rotor
and eccentric shaft, and securing the endplay of the shaft.
[0016] The planetary gearset comes with a ring gear
(15) which is fixed to one end of the eccentric shaft using
an eccentric shaft weight, (24) which rotates the sun gear
(16) in the opposite direction over three neutral gears
(17). The neutral gears are arranged and mounted on
the planetary gearset housing (14) in equal spaces. The
other end of the sun gear is meshed onto the rotor ring
gear (13) in the front of the rotor, forcing the rotor to roll
in a fixed journey inside its housing.

[0017] Star Engine 651 is equipped with three valve
train systems (FIGURE 12 & 13). The camshafts are ar-
ranged in even spaces: the top camshaft (27), the left
camshaft (28), and the right camshaft (29). These cam-
shafts are attached with the cam chain sprockets (30,
31, &32) onthe front ends, and are linked to the eccentric
shaft chain sprocket (25), which is then driven by the
eccentric shaft using a timing chain (26). The chain is
also linked an oil pump sprocket (33) and a chain ten-
sioner (not shown).

[0018] Each camshaft has three bearing journals
mounted on the camshaft holder of the front, intermediate
and rear rotor covers. The front camshaft journal is fitted
with two semi-circular bearings. The lower front bearing
(35) is placed on the front rotor cover camshaft holder.
The upper front bearing (34) is placed on top and secured
the front camshaft holder (31). The pair of front bearings
in the design is also used to secure the endplay of the
camshaft. The intermediate journal is fitted with the mid-
dle upper bearing (36), the middle lower bearing (37),
and the middle camshaft holder (32). The rear journal is
fitted with a set of parts (33, 38, & 39) similar to the middle
one.

[0019] The rotation of a camshaft converts its rotary
motion to a reciprocating motion of the intake and exhaust
valves (57). Star Engine is equipped with a removable
valve train set (FIGURE 13): As the camshaft is turning,
its lobes push the tappets (49) on top of the valves down
and up to open and closed the combustion chambers,
therefore letting the burnt gasses out and taking in a fresh
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mixture of fuel and air.

[0020] Before entering a combustions chamber, the air
taken in must be free of dirt by going through an air filter
(not shown). The amount of air is controlled by a throttle
plate when going through the throttle body (58) to the
right (58) and left (59) intake manifolds. The exhaust gas-
ses are blown out through these exhaust manifolds (58
& 61) (FIGURE 14).

[0021] Star Engine is covered with a top, left, and right
valve covers (65, 66, & 67), which are sealed with gaskets
(68, 69, & 70) (FIGURE 15). At the bottom of the engine
is an oil pan (72) (FIGURE 16).

[0022] The lubrication system (FIGURE 17) lubricates
the engine with an oil pump driven by the eccentric shaft
through the timing chain. The oil pump is of rotor type
(77 - 89) mounted on the lower part under the planetary
gearset housing of the front rotor cover. Oil is sucked
through the oil screen (100) over the oil strainer (99) to
the oil filter (104), which is then split by an oil branch (93).
The oil then comes to the front planetary gearset, to the
eccentric shaft through eccentric shaft oil passages, to
the oil jet nozzles and finally to the rear planetary gearset.
Oil also comes to the camshafts and their bearings
through oil lines (95 & 96).

[0023] The electrical system (FIGURE 18) comes with
an alternator (109) mounted on the front rotor cover (2)
and is driven the eccentric shaft (24) using a belt (106)
and pulley (105).The belt tension can be adjusted by a
belt tensioner (111), which is mounted on a tensioner
bracket (114) and an adjustable tensioner bar (113) (FIG-
URE 18).

[0024] The cooling system (FIGURE 19) is used to
maintain a normal, operational temperature for the en-
gine to work in. There only some parts that attached to
the engine are shown such as the water pump and the
water outlet and their related components. The water
pump is located above of the eccentric shaft and on the
left front side of the front rotor cover. The water pump is
driven by the eccentric shaft by a belt (106). The pump
shaft (127) is centered inside the pump body (125) and
mounted with the ball bearings (122 & 123) and sealed
by a seal (124).

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIGURE 1 is a sketch of five different positions of
the small circle rolling inside a larger one.

FIGURE 2 is a sketch showing the basics of the in-
vention on a ratio of 5 and 6 between the two circles.

FIGURE 3 is a perspective view of Star Engine show-
ing four strokes going on inside the engine.

FIGURE 4 is showing stroke one, the intake stroke.
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FIGURE 5 is showing stroke two, the compress
stroke.

FIGURE 6 is showing stroke three, the power stroke.
FIGURE 7 is showing stroke four, the exhaust stroke.

FIGURE 8 is a perspective view of Star Engine with
a combination of assembly, cutaway, and exploded
views showing inside and outside the engine.

FIGURE 9 is an explode view showing the stators
and its related parts.

FIGURE 10 is a perspective view of Star Engine with
a combination of assembly, section, and exploded
views showing the rotor, eccentric shaft, and a plan-
etary gearset.

FIGURE 11 is an exploded view of the planetary
gearset.

FIGURE 12 is a perspective view of the eccentric
shaft, camshafts, oil pump chain sprocket, cam chain
sprockets, and a chain.

FIGURE 13 is an exploded view of a camshaft and
its related components, and an exploded view of a
removable valve train.

FIGURE 14 is an exploded view of the air intake and
exhaust system components.

FIGURE 15 is an exploded view of the valve covers
and gaskets.

FIGURE 16 is an exploded view of an oil pan and its
related components.

FIGURE 17 is an exploded view of lubrication com-
ponents.

FIGURE 18 is an exploded view of an alternator and
its related components.

FIGURE 19 is an exploded view of a water pump
and its related components.

FIGURE 20 is a perspective view of the front and the
rear stator, and the firing order of the engine.

FIGURE 21 is a graph of the paths of the points on
the World Coordinate System and tables of some
sample values.

OBJECTIVES OF THE INVENTION

[0026] A main object of the invention is to make the
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most of fuel energy by minimizing the loss of power during
engine operation, therefore leaving more power for the
output.

[0027] A further object of the invention is to reduce the
use of material and maintain a light weight, the engine
being compact in design.

[0028] A still further object of the invention is to mini-
mize the loss of power by directly transferring power from
the rotor to the output shaft.

[0029] A still further object of the invention is to reduce
the friction force between the turning parts by shortening
the traveling distance of the rotor, additionally reducing
power consumption.

[0030] A still further object of the invention is to have
a slower and smoother operation, allowing more time for
the fuel to burn completely and creating higher fuel effi-
ciency.

Claims
1. A star engine comprising:

At least one stator housing for a rotor;

At least one rotor driven by an eccentric shaft;
An eccentric shaft rotating about its own central
axis and

driving the rotor(s) eccentrically;

A front rotor cover mounted on the front end of
the stator housing for the front end of the rotor;
A rear rotor cover mounted the back side of the
stator housing for the rear end of the rotor;
Anintermediate rotor cover attached to the front
andrear stator housing for the rotors if twin rotors
are used;

A ring gear fixed on the front of the eccentric
shaft via a balance weight;

A ring gear fixed on the front of the rotor;

At least one camshaft mounted on top of the
intake and

exhaust valves;

Atleastone set of removable intake and exhaust
valves operated by a camshaft mounted on top;
At least one set of fixed planetary gearset
mounted on the center of the front end of the
front rotor cover;

2. The star engine of claim 1 wherein the stator has
rotor housing curves formed by the trigonometric
equationr=cos 6+ ncosa ;

3. The star engine of claim 2 wherein the stator has an
even number of curved sides (lobes) on the inner
part housing for a rotor;

4. The star engine of claim 2 wherein the stator has at
least one spark plug housing on every two lobes;
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5.

10.

11.

12.

13.

14.

15.

The star engine of claim 2 wherein a set of intake
and exhaust valves housing is present on every two
lobes (curved sides) starting next to the spark plug
housing;

The star engine of claim 1 wherein the rotor has built-
in combustion chambers hollowed on all of its lowest
faces;

The star engine of claim 6 wherein it is grooved on
the front and the back for sealing;

The star engine of claim 6 wherein its peaks are
grooved for apex seals;

The star engine of claim 6 wherein its movement is
characterized as a small circle rolling inside a larger
one and can be determined and calculated by the
trigonometric equationr =cos 6 + n cos o ;

The star engine of claim 6 wherein it has an odd
number of curved sides which is one side less than
the inner sides (rotor housing) of stator;

The star engine of claim 6 wherein it has a ring gear
housing at the front;

The star engine of claim 6 wherein it is fixed with a
ring gear at the front end driven by the sun gear of
the planetary gearset;

The star engine of claim 1 wherein at least one set
of planetary gearsets are mounted on the front end
of the eccentric shaft, which is the central axis of the
engine. Driven by the eccentric shaft, the ring gear
rotates the sun gear in the opposite direction over
three neutral gears. The neutral gears are equally
arranged and mounted on the planetary gearset
housing. The other end of the sun gear is meshed
onto the rotor ring gear, which is mounted on the
front of the rotor;

The star engine of claim 1 wherein an eccentric shaft
is mounted to the center of the front and rear rotor
housing covers, which is a main output shaft con-
verting the eccentric turning of the rotor to a circular
turning of the output;

The star engine of claim 14 wherein at least one pair
of front and rear eccentric shaft weights are fixed on
both ends of the eccentric shaft. The front eccentric
shaft weights are mounted with a ring gear driving
the sun gear in the opposite direction;
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Amended claims in accordance with Rule 137(2) curved side;

EPC.

1. A twin rotor star engine comprising:

an eccentric shaft rotating about a central axis
of the engine wherein its front main journal is
mounted on a front rotor cover and its rear main
journal is mounted on a rear rotor cover;

a pair of front and rear rotors driven eccentricly
by the eccentric motion of the eccentric shaft;
a pair of front and rear stators housing for the
front and rear rotor;

an intermediate rotor cover attached to the front
and rear stator housing for the back of the front
rotor and the back of the rear rotor;

a pair of balance weights attached to the front
and the rear ends of the eccentric shaft balanc-
ing the rotation of the shaft;

a pair of planetary gearsets mounted to the front
and rear rotor cover housing for the eccentric
shaft front and rear main journals;

a pair of ring gears attached to the balance
weights driving the planetary gearsets;

a pair of rotor ring gears attached to the front of
the front rotor and the front of the rear rotor ro-
tating the rotors eccentrically and driven by a
pair of sun gears;

six sets of removable intake and exhaust valves,
wherein each two sets of valves are driven by a
camshaft mounted above them;

a set of three camchain sprockets attached on
the front end of each camshaft and linked to a
eccentric shaft chain sprocket with a chain;

2. The star engine of claim 1 wherein the stator has
six rotor housing curved sides defined by the trigo-
nometric equationr=cos 6 + ncos o ;

3. The star engine of claim 1 wherein the stator has
three spark plug housings arranged at every 120 de-
gree interval;

4. The star engine of claim 3 wherein the stator has
three sets of intake and exhaust valve housings ar-
ranged at every two curved sides next to the spark
plug housing;

5. The star engine of claim 1 wherein the stator has
three sets of removable intake and exhaust valves
inside.

6. The star engine of claim 1 wherein the rotor has
five curved sides shaped by the trigonometric equa-
tionr=cos@+ncosa:

7. The star engine of claim 1 wherein the rotor has
five built-in combustion chambers hollowed on every
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8. The star engine of claim 7 wherein the combustion
chambers are located at the central part of each
curved side;

9. The star engine of claim 1 wherein the rotor is
grooved around the front and the back edges for
sealing;

10. The star engine of claim 1 wherein the rotor is
grooved on all peaks for sealing;

11. The star engine of claim 1 wherein the eccentric
motion of the rotor can be determined and calculated
by the trigonometric equation r = cos 6 + n cos o ;

12. The star engine of claim 1 wherein each set of
planetary gearsets have a planetary gearset housing
mounted on the central axis and houses a set of three
neutral gears ;

13. The star engine of claim 12 wherein the neutral
gears are arranged in equal 120 degree intervals
rotating the sun gear;

14. The star engine of claim 13 wherein the sungear
is mounted on the central axis driving the rotor ring
gear in an opposite direction to the eccentric shaft;
and

15. The star engine of claim 14 wherein the sun gear
is housed with a planetary gearset housing bearing
and secured with a set of two side bearings and two
side bearing retainers.
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Figure 4: Intake Stroke



Figure 5: Compress Stroke
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Figure 6: Power Stroke
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Figure 7: Exhaust Stroke:
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11a

11a - FRONT ROTOR

11b - REAR ROTOR

12 - COMBUSTION CHAMBER
13 - ROTOR RING GEAR

14 - FRONT PLANETARY
GEARSET HOUSING

15 - RING GEAR

16 - SUN GEAR

17 - NEUTRAL GEAR

18 - SIDE BEARING RETAINER
19 - SIDE BEARING

20 - FEMALE APEX SEAL

21 - MALE APEX SEAL

22 - LEAF SPRING

23 - FRONT ECCENTRIC
SHAFT WEIGHT

24 - ECCENTRIC SHAFT
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Figure 11

- FRONT PLANETARY

GEARSET HOUSING

- RING GEAR

- SUN GEAR

- NEUTRAL GEAR

- SIDE BEARING RETAINER
- SIDE BEARING

25 - PLANETARY GEARSET
HOUSING BEARING

26 - SUN GEAR BEARING

27-CIRCLIP

28 - NEUTRAL GEAR RETAINER

29 - NEUTRAL GEAR BEARING

30 - PLANETARY GEARSET
HOUSING SHIM
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29 - CAMSHAFT
30 - CAMCHAIN SPROCKET

31 - FRONT CAMSHAFT HOLDER
32 - MIDDLE CAMSHAFT HOLDER
33 - REAR CAMSHAFT HOLDER
34 - FRONT UPPER BEARING

35 - FRONT LOWER BEARING

36 - MIDDLE UPPER BEARING
37 - MIDDLE LOWER BEARING
38 - REAR UPPER BEARING

39 - REAR LOWER BEARING

40 - WASHER

41 - HEX HEAD BOLT

42 - HEX HEAD BOLT

43 - DOWEL PIN

44 - WOODRUFF KEY

45 -"0" RING

46 - OlL PLUG

47 - VALVE ADJUSTING SCREW
48 - CUP SCREW

49 - TAPPET

50 - VALVE KEEPER

51 - VALVE KEEPER

52 - SPRING RETAINER

53 - SPRING

54 - VALVE HOUSING OIL SEAL
55 - VALVE HOUSING RETAINER
56 - VALVE HOUSING
57 - VALVE

41

Figure 13
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58- RIGHT INTAKE MANIFOLD

59- LEFT INTAKE MANIFOLD

60- RIGHT EXHAUST MANIFOLD

61- LEFT EXHAUST MANIFOLD

62- INTAKE MANIFOLD COLLECTOR
63- INLET FITTING

64- THROTTLE BODY

Figure 14
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Figure 15

65 - TOP VALVE COVER

66 - LEFT VALVE COVER

67 - RIGHT VALVE COVER

68 - TOP VALVE COVER GASKET
69 - LEFT VALVE COVER GASKET
70 - RIGHT VALVE COVER GASKET
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71 - GASKET
72 - OIL PAN

73 - OIL PAN
SUPPORTER

74 - OIL DIP STICK
75 - WASHER
76 - OIL PLUG

Figure 16
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77 - HEX HEAD NUT 98 - GASKET

78 - WASHER 99 - OIL STRAINER

79 - CHAIN SPROCKET 100 - OIL SCREEN

80 - OIL SEAL 101 - GASKET

81 - BALL BEARING 102 - OIL FILTER MOUNTING
82 - WASHER BOLT 97 92 103 - GASKET

83 - OlL PUMP BODY 104 - OIL FILTER

84 - DOWEL

85 - WOODRUFF KEY

86 - INNER ROTOR PUMP SHAFT
87 - BEARING

88 - OUTER ROTOR

89 - GASKET

80 - WASHER BOLT

91 - OIL FEEDER BOLT
92 - ALUMINUM WASHER
93 - OIL BRANCH 9
94 - UNION
85 - LEFT CAMSHAFT OIL LINE
96 - RIGHT AND TOP CAMSHAFT OIL LINE
97 - OIL FEEDER BOLT
82 s
83 85 86 87
79 84

1
R

1
91- 82

Figure 17
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105 - PULLEY

106 - BELT

107 - COOLING FAN

108 - SPACER

109 - ALTERNATOR

110 - ADJUSTING BAR

111 - BELT TENSIONER

112 - BALL BEARING

113 - TENSIONER BAR

114 - TENSIONER BRACKET

Figure 18
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110
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116 - WATER OUTLET
117 - GASKET

118 - THERMOSTAT
119 - PULLEY

120 - FLANGE

121 - CIRCLIP

122 - BALL BEARING
123 - BALL BEARING
124 - SEAL

125 - WATER PUMP BODY
126 - GASKET

127 - PUMP SHAFT

P

23

120

122

Figure 19
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\_
RF RR ,////%4,_7///./////

&

, N
AN

FRONT STATOR REAR STATOR
ECGENTRIC SHAFT FRONT JOURNAL 270° 210° 150 90° _ 30° 4 330°
TOP FRONT INTAKE/EXHAUST CHAMBER (TF) EXHAUS T KE
LEFT FRONT INTAKE/EXHAUST CHAMBER (LF) KE EXHAUST|
RIGHT FRONT INTAKE/EXHAUST CHAMBER (R EXHAUST] AKE
TOP REAR INTAKE/EXHAUST CHAMBER (TR) KE EXHAUST
LEFT REAR INTAKE/EXHAUST GHAMBER (LR) IEXHAUST] KE
RIGHT REAR INTAKE/EXHAUST CHAMBER (RR) | EXHAUST KE
COMBUSTION CHAMBER 1
COMBUSTION CHAMBER 2
. COMBUSTION CHAMBER 3
\n-Qts. e N Q COMBUSTION CHAMBER 4 |
COMBUSTION CHAMBER 5
COMBUSTION CHAMBER 6 |

FIRING ORDER: 1-6-2-4-3-5
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X =cos 0

180

718 A1

x=cos@+1cosa

x=cos@+2cosa
x=cos8+3cosa
x=cos@+4cosa
x=cos@+5cosa

-1

When n = 1, x is determined by the equation x =

sin@-=nsina

Figure 21

300°

cos @ +ncosa,andy = is determined by y =

6| 0 30° 60° 90° 120° 150° 180°  210° 240° 270° 300°
al O 6° 12° 18° 24° 30° 36° 42° 48° 54° 60°
x| 2 1.8605 1.4781 0951 0.4135 0 -0.191 -0.1229 0.1691 0.5878 1

Y| 0o 0.3955 0.6581 0.6910 0.4593 0 -0.5878 -1.1691 -1.6092 -1.809 -1.7321

When n = 5, at a contacting point between the two circles, both values of x and y are determined by

the equations above on a following table:

6| 0 30° 60° 90° 120° 150° 180°  210° 240° 270° 300°
al 0 6° 12° 18° 24° 30° 36° 42° 48° 54° 60°
x| 6 58386 5.3907 4.7553 4.0677 3.4641 3.0451 2.8497 2.8457 2.9389 3

0 -0.0226 -0.1735 -0.5451 -1.1677 -2  -2.9389 -3.8457-4.5817 -5.0451 -5.1862
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