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TRANSMISSION ARRANGEMENT 
COMPRISINGAPOWERMIXING 

MECHANISM 

FIELD 

0001. The present invention relates generally to the field of 
transmission arrangements, and more particularly to a 
method and system for transmitting combined power from a 
Continuously Variable Transmission (CVT) and an alterna 
tive transmission to a load. 

BACKGROUND 

0002 CVTs are well known in the art, depending on the 
CVT technology used, efficiencies ranging between about 
65% and about 93% can be expected. 
0003. In some applications, these efficiencies are accept 
able. However, in other applications. Such as for example, 
power generation, efficiencies as high as possible are desir 
able. 
0004. Against this background, it can be seen that there is 
a need in the industry to provide a more efficient transmission 
arrangement that offers the benefits of a CVT, while reducing 
at least some of the deficiencies presented by existing CVTs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. In the appended drawings: 
0006 FIG. 1 shows a block diagram of an electrical gen 
erator arrangement in accordance with a non-limiting 
example; 
0007 FIG. 2 shows a cross sectional diagram of a trans 
mission arrangement that comprises a continuously variable 
transmission and a power mixing mechanism; 
0008 FIG. 3 shows an expanded side view of the power 
mixing mechanism of FIG. 2; 
0009 FIG. 4 shows a graph of the percentage of output 
power provided by a CVT vs. the transmission ratio of the 
CVT, according to a non-limiting example: 
0010 FIG. 5 shows a chart that maps the relationships 
between power transmission efficiency, engine rotation 
speed, transmission ratio of a CVT and transmission ratio of 
a power mixing mechanism, according to a non-limiting 
example, and 
0011 FIG. 6 shows a flow diagram of a non-limiting 
method of providing power from an engine to an electrical 
generator. 
0012. It is to be expressly understood that the description 
and drawings are only for the purpose of illustration of certain 
embodiments and are an aid for understanding 

DETAILED DESCRIPTION 

0013. In accordance with an illustrative embodiment of 
the present invention, there is provided a transmission 
arrangement for transmitting power from a power Source to 
an output shaft, the transmission arrangement comprising: 
0014 a continuously variable transmission (CVT) so con 
figured as to receive power from the power source and to 
provide a CVT power output; 
00.15 an alternative transmission so configured as to 
receive power from the power source and to provide an alter 
native transmission power output; and 
0016 a power mixing mechanism so configured as to com 
bine the CVT power output and the alternative transmission 
power output into a combined power output to be supplied to 
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the output shaft, wherein a percentage of CVT power within 
the combined power output decreases as power Supplied by 
the power source increases. 
0017. According to another aspect, there is provided a 
method for providing power from a power source to a power 
output shaft, the method comprising: 
0018 receiving at a power mixing mechanism, a continu 
ously variable transmission (CVT) power output; 
0019 receiving at the power mixing mechanism, an alter 
native transmission power output; 
0020 combining, at the power mixing mechanism, the 
CVT power output and the alternative transmission power 
output into a combined power output to be provided to the 
power output shaft, wherein a percentage of alternative trans 
mission power within the combined power output varies in 
response to a change in load demand at the power output 
shaft. 
0021. The use of the word “a” or “an when used in con 
junction with the term “comprising in the claims and/or the 
specification may mean 'one', but it is also consistent with 
the meaning of “one or more”, “at least one', and “one or 
more than one'. Similarly, the word “another may mean at 
least a second or more. 
0022. As used in this specification and claim(s), the words 
“comprising (and any form of comprising, such as "com 
prise' and "comprises”), “having (and any form of having, 
such as “have and “has'), “including' (and any form of 
including, such as “include and “includes’) or “containing 
(and any form of containing, such as “contain” and “con 
tains'), are inclusive or open-ended and do not exclude addi 
tional, unrecited elements or process steps. 
0023 The term “about is used to indicate that a value 
includes an inherent variation of error for the device or the 
method being employed to determine the value. 
0024. Other objects, advantages and features of the 
present invention will become more apparent upon reading of 
the following non-restrictive description of illustrative 
embodiments thereof, given by way of example only with 
reference to the accompanying drawings. 
0025 Shown in FIG. 1 is a non-limiting block diagram of 
an electrical generator arrangement 10 including a transmis 
sion arrangement according to an illustrative embodiment. 
The electrical generator arrangement 10 comprises a prime 
mover in the form of an internal combustion engine 12, a 
transmission arrangement 20 and a generator 22 to which can 
be applied a load 24. 
0026. In general, the load 24 that is applied to the genera 
tor 22 is powered by alternating current that is provided at a 
substantially constant frequency (generally 60 Hz or 50 Hz). 
In order to be able to supply alternating current to the load 24 
at a Substantially constant frequency, the generator 22 should 
be driven at a Substantially constant rotation speed (for 
example, 1800 rpm for 60 Hz and 1500 rpm for 50Hz). If the 
alternating current is not provided at a Substantially constant 
frequency, an electronic frequency converter must be used 
between the generator 22 and the load 24 to regulate the 
electrical wave frequency. 
0027. In order to avoid using a frequency converter, most 
existing generators are powered by a diesel engine that is 
driven at a constant speed. However, when load demands 
vary, engines do not run efficiently at a constant speed. For 
optimal efficiently, an internal combustion engine should 
deliver a given power at a specific speed (output mechanical 
power/input fuel power). Therefore in order to operate effi 
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ciently, it is desirable to control, increase or decrease, the 
rotational speed of the engine 12 in response to changes in the 
load demand at the electrical generator 22. If not, by operating 
the engine 12 at constant speed when the load demand varies, 
the engine runs inefficiently in terms of fuel costs, increased 
emission of pollutants and higher noise levels. 
0028. In accordance with an illustrative embodiment, in 
order to allow the engine 12 to run more efficiently during 
varying load requirements, a transmission arrangement 20 
that includes a Continuously Variable Transmission (CVT) 14 
is positioned between the controllable variable output of the 
engine 12 and the input of the generator 22. The CVT 14 is for 
example a dual cavity toroidal CVT, a non-limiting example 
of which is shown in FIG. 2. The CVT 14 is able to convert the 
controllable variable output of the engine 12 into a constant 
speed, at an output shaft thereof, which is associated with the 
generator 22. 
0029. The manner in which the CVT 14 is able to regulate 
the input speed at the generator 22 will now be described in 
more detail with respect to FIGS. 1 and 2. 
0030. As shown in FIG.1, the electrical generator arrange 
ment 10 comprises an electronic controller 28 that is in com 
munication with a power meter 26, the engine 12 and the CVT 
14. The power meter 26 is positioned in communication with 
the output of the generator 22, such that the power meter 26 is 
able to obtain readings of the power demand on the electrical 
generator 22 by the load 24. 
0031. The electronic controller 28 may further be in com 
munication with an input speed sensor 33 that obtains read 
ings indicative of the rotation speed at the input to the CVT 14 
(which is also the rotation speed of the engine 12), and an 
output speed sensor 35 that obtains readings indicative of the 
rotation speed at the output of the transmission arrangement 
20 (which is also the input speed to the generator 22). It is to 
be noted that the output speed of the transmission can also be 
obtained by monitoring the frequency of the electrical output 
of the generator 22. These readings are provided to the elec 
tronic controller 28 such that, at least in part on the basis of 
these readings, the electronic controller 28 is able to: 
0032 control the throttle 27 of the engine 12 in order to 
increase? decrease the fuel rate Supply to the engine and thus 
control the speed and/or power of the engine 12, or in the case 
of an electronically controlled engine, issue a control signal to 
the engine controller indicative of the desired rotational 
speed; and 
0033 control the transmission ratio of the CVT 14 in order 
to maintain a constant speed at the generator 22, despite a 
change in the speed and/or power at the engine 12. 
0034. Accordingly, by controlling the variable output of 
the prime mover and the transmission ration of the CVT, it is 
possible to improve the overall efficiency of the transmission 
in various load conditions. 
0035. A non-limiting manner in which the electronic con 

troller 28 is able to control these two components of the 
electrical generator arrangement 10, is described in more 
detail in PCT Application PCT/CA2005/001479, published 
on Apr. 6, 2006, which is incorporated herein by reference in 
its entirety. 
0036 Shown in FIG. 2, is a non-limiting illustrative 
embodiment of the transmission arrangement 20. The trans 
mission arrangement 20 comprises a CVT 14, an alternative 
transmission 16 and a power mixing mechanism 18. In the 
non-limiting embodiment shown, the alternative transmis 
sion 16 comprises the input shaft 40 of the CVT 14. As such, 
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the alternative transmission 16 is a straight drive shaft that is 
part of the CVT 14 transmission. In FIG. 1, the alternative 
transmission 16 is shown as being separate from the CVT 14 
since it is able to transmit power independently of the CVT 14 
transmission. However, it should be understood that inaccor 
dance with the non-limiting illustrative embodiment 
described herein, the alternative transmission 16 is the central 
shaft 40 of the CVT. 
0037. The power mixing mechanism 18 comprises a plan 
etary gear assembly 38 that is able to combine the power from 
the CVT 14 and from the alternative transmission 16 into a 
combined output power, as will be described in more detail 
below. 
0038. The input shaft 40 of the CVT 14 is connected to the 
engine 12 for receiving an input rotation speed from the 
engine 12. It should be appreciated that the engine 12 may be 
any type of prime mover, such as a diesel engine or gasoline 
internal combustion engine, among other possibilities. The 
CVT 14 that is shown in FIG. 2 comprises a pair of toroidal 
discs 46 and 48 that are fixedly connected to the input shaft 40 
and a double-sided output toroidal disc 50 that is fixedly 
connected, via a cage-like structure 52, to a CVT output shaft 
44. In the non-limiting illustrative embodiment shown, both 
the input shaft 40 and the CVT output shaft 44 are co-axial. 
0039. A first toroidal cavity 54 is created between the input 
toroidal disc 46 and the output toroidal disc 50, and a second 
toroidal cavity 56 is created between the input toroidal disc 48 
and the output toroidal disc 50. The first toroidal cavity 54 
defines toroidal races 58, 60 and the second toroidal cavity 56 
defines toroidal races 62, 64. Three friction rollers 66 (only 
one shown) are positioned within the first toroidal cavity 54 
such that they are in engagement with both races 58 and 60, 
and three friction rollers 68 (only one shown) are positioned 
within the second toroidal cavity 56 such that they are in 
engagement with the races 62, 64. It should, however, be 
appreciated that any number of frictional rollers 66, 68 could 
be included within the toroidal cavities. 
0040. The rollers 66 and 68 are rotatably mounted on axial 
carriers 70, 72 respectively, such that they can rotate to trans 
fer rotational motion between the outer toroidal discs 46, 48 
and the output toroidal disc 50. In this manner, the input 
toroidal discs 46, 48 are the driving discs, and the output 
toroidal disc 50 is the driven disc. In operation, the CVT 
transmission ratio is varied by tilting the friction rollers 66, 68 
such that the friction rollers 66, 68 contact the races 58, 60 and 
62, 64 at different contact points on the toroidal surfaces. As 
indicated above, the manner in which the CVT transmission 
ratio is varied is described in more detail in PCT Application 
PCT/CA2005/001479, which was published on Apr. 6, 2006. 
0041. One skilled in the art will understand that the CVT 
14 could also be used with disk 50 as a power input and disks 
46 and 48 as power output. 
0042. Both the CVT output shaft 44 and the input shaft 40 
(which is also part of the alternative transmission 16) provide 
transmission power to the planetary gear assembly 38 of the 
power mixing mechanism 18. The planetary gear assembly 
38 combines the power from the CVT 14 and the power from 
the alternative transmission 16 into a combined output power 
that is provided to the generator 22 via the output shaft 42. 
0043. It is the output shaft 42 of the transmission arrange 
ment 20 that is operative for providing a stable rotation speed 
to the electrical generator 22. Changes in rotation speed of the 
output shaft 42 will cause a change in the input rotation speed 
to the generator 22, which directly affects the frequency of the 
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output electrical wave in the same proportion. Output Voltage 
may also be affected by fluctuations in the input speed of the 
generator 22. Generally, stated, very limited variations of 
electrical wave parameters can be tolerated from a generator 
system, especially when intended to Supply an electrical net 
work in the case of a power failure. Therefore the system 
should be stable and feature a high level of immunity to load 
demand fluctuations. 

0044. In general, toroidal CVTs are quite durable, and as 
Such can withstand the heavy use that is often associated with 
electrical generator arrangements 10. In addition, the 
mechanical nature of the toroidal CVT 14 provides a rela 
tively fast response time in comparison to other types of 
CVTs. However, a deficiency with toroidal CVTs 14 is that 
they can generate frictional losses in the power transmission 
due to the friction between the rollers and the rotating discs. 
While the efficiency of toroidal CVTs is generally quite good, 
when they are used with power generators the frictional losses 
can result in increased fuel requirements for the power 
Source, which can become quite costly. 
0045. In order to improve the overall efficiency of the 
power transmission between the engine 12 and the generator 
22, as described above, the transmission arrangement 20 
according to the present invention comprises the alternative 
transmission 16 in addition to the CVT 14. The alternative 
transmission 16 is any transmission that is more efficient than 
the CVT 14. Such as a simple drive shaft, among other pos 
sibilities. The power mixing mechanism 18 is operative for 
combining the power from the CVT 14 and from the alterna 
tive transmission 16 into a combined power that is Supplied to 
the generator 22. 
0046. As will be explained in more detail throughout the 
present application, by mixing the power from the more effi 
cient alternative transmission 16 with the power from the less 
efficient CVT 14, the transmission arrangement 20 is able to 
provide more efficient power transmission than would be 
possible by using the CVT 14 alone. 
0047 More specifically, in situations where the engine 12 

is running at a lower speed and providing relatively little 
power, such as when the load 24 that is applied to the genera 
tor 22 is relatively low, the power mixing mechanism 18 
causes a greater percentage of power to be provided to the 
generator 22 from the CVT 14. In contrast, when the engine 
12 is running at a higher speed and providing greater power, 
Such as when there is a large load 24 that is applied to the 
generator 22, the power mixing mechanism 18 causes a 
greater percentage of power to be provided to the generator 22 
from the alternative transmission 16. 

0.048 One skilled in the art will also understand that for 
certain application where it is desirable to maximize the effi 
ciency of the transmission at low load, the power mixing 
system could be configured so that maximum proportion of 
power flows in the alternative transmission at low power 
demand while having greater proportion of power flowing in 
the CVT during high power demand. 
0049. As such, as the power generated by the engine 12 
increases, the percentage of power being provided to the 
generator 22 by the CVT 14 decreases. In this manner, when 
greater power is being generated by the engine 12 (which is 
generally more costly in terms of fuel consumption), more of 
that power is transmitted to the generator 22 via the more 
efficient alternative transmission 16. Generally stated, the 
greater the percentage of output power transiting through the 
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alternative transmission 16, the greater the overall efficiency 
of the transmission arrangement 20. 
0050. It is the combination of the power mixing mecha 
nism 18 ratio and the CVT 14 ratio that causes the percentage 
of power from the CVT 14 and the alternative transmission 16 
to vary in response to a change in the load demand on the 
generator 22. More specifically, a change in load demand on 
the generator 22 will cause the CVT 14 to change its trans 
mission ratio thus forcing the engine to adjust its rotation 
speed to maintain relatively stable speed at the generator 22. 
The change in CVT transmission ratio together with the con 
figuration of the gears within the power mixing mechanism 
18 will cause an adjustment in the power split from the CVT 
14 and the alternative transmission 16. 
0051 Shown in FIG. 3, is a schematic expanded view of 
the power mixing mechanism 18 according to an illustrative 
embodiment. As shown, the power mixing mechanism 18 
comprises a planetary gear assembly 38 that comprises a first 
planetary gear train 80 that functions as a speed adjusting 
planetary gear train, and a second planetary gear train 82 that 
functions as the mixing planetary gear train. 
0052. As shown, the first planetary gear train 80 includes a 
Sun gear 84, planet gears 86 and a ring gear 88 that is fixed to 
the housing 81 of the transmission arrangement 20. The CVT 
output shaft 44 is fixedly connected to the Sun gear 84. Such 
that the rotation speed and power from the CVT output shaft 
44 is imparted to the Sun gear 84. Rotation from the Sun gear 
84 is imparted to the planetgears 86, which rotate between the 
Sun gear 84 and the ring gear 88. As mentioned above, the ring 
gear 88 is fixed to the housing 81 of the transmission arrange 
ment 20, such that the ring gear 88 does not rotate. 
0053. In the first planetary gear train 80, the sun gear 84 
acts as the input and the planet carrier (not shown) connected 
to the planet gears 86 acts as the output. The gear ratio for 
Such an arrangement can be calculated by the formula 
(1+teeth of Ring Gear/teeth of Sun Gear). In accordance with 
a non-limiting illustrative embodiment, the first planetary 
gear train 80 has a gear ratio of 3.53. Such an arrangement can 
be used in order to adjust the speed between the output of the 
CVT 14 and the input of the mixing planetary gear train 82. 
0054 The second planetary gear train 82 comprises a sun 
gear 90, planet gears 92 and a ring gear 94. The alternative 
transmission 16 is connected to the sun gear 90, such that the 
rotation speed and power of the input shaft 40 is imparted to 
the sun gear 90. In addition, the planet carrier (not shown) of 
the planet gears 86 of the first planetary gear train 80 imparts 
its rotation speed and power to the planet carrier (not shown) 
of the planet gears 92 of the second planetary gear train 82 
since the respective planet carriers of the first and second 
planetary gear trains 80 and 82 are interconnected. 
0055. In this manner, the second planetary gear train 82 
comprises two inputs; namely the input of the alternative 
transmission 16 via the sun gear 90 and the input from the 
CVT 14 via the planet gears 92. The input from the sun gear 
90 and the input from the planet carrier of the planet gears 92 
act together to impart rotation and a mix of power from the 
CVT 14 and the alternative transmission 16 to the ring gear 
94. In this manner, power from both the CVT 14 and the 
alternative transmission 16 is provided to the ring gear 94. 
which imparts rotation to the output shaft 42 of the transmis 
sion arrangement 20. It is the rotation speed of the output 
shaft 42 that is provided to the generator 22 and that should be 
maintained relatively constant in order to maintain the 50 Hz 
or 60 Hz frequency. 
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0056. In accordance with a non-limiting embodiment, the 
second planetary gear train 82 has a planetary gear ratio of 
1.63. In operation, the rotation speed of the ring gear 94 can be 
calculated using the following formula: 

Where: 

0057 (or the rotation speed of the planetary ring gear; 
coc=the rotation speed of the planetary carrier; 
(DS the rotation speed of the Sun gear, and 
R the planetary gear ratio. 
0058. The planetary gear assembly 38 shown in FIG. 3 
comprises two degrees of freedom, meaning that it is able to 
receive two independent input powers; namely a first input 
power from the CVT 14 and a second input power from the 
alternative transmission 16. Based on these two input powers, 
the mixed output power will be governed by the relationship 
between the gears. 
0059. In the illustrative embodiment described with 
respect to FIG. 3, the CVT 14 provides an input power to the 
Sun gear 84 and the alternative transmission 16 provides an 
input power to the sun gear 90. The combined output power is 
then provided to the output shaft 42 via the ring gear 94. So 
long as the planetary gear assembly 38 provides two degrees 
of freedom (i.e. can receive two different input powers that 
can be combined into a single output power), the input power 
from the two sources can be provided to different ones of the 
gears and the output power can be received from a different 
one of the gears, while still obtaining the same performance 
from the planetary gear assembly 38. More specifically, this is 
true So long as the direction of the input speeds and torques 
creates a combination of power to the output, as opposed to a 
recirculation of the power between the two inputs. The man 
ner in which the two-degree of freedom gear assembly 38 can 
be configured in order to obtain the desired performance will 
be known to a person of skill in the art, and as such will not be 
described in more detail herein. 

0060. One skilled in the art will also understand that some 
configurations where power is recirculating could also 
present the same desirable effect of limiting the power flow 
ing in the CVT and maximizing the power in the alternative 
transmission thus resulting in a higher overall transmission 
efficiency. 
0061. As mentioned above, the planetary gear assembly 
schematically shown in FIG. 3 is configured such that it 
provides a combined output power to the output shaft 42 that 
includes a mix of power from the CVT 14 and from the 
alternative transmission 16. The combined output power 
comprises a first percentage of power from the CVT 14, and 
a second percentage of power from the alternative transmis 
sion 16. Not taking into account the losses, the sum of the first 
percentage and the second percentage gives 100% of the 
combined output power. 
0062. The percentage of power from the CVT 14 and the 
percentage of power from the alternative transmission 16 that 
make up the combined output power are not fixed. Instead, the 
power mixing mechanism 18 causes these percentages (i.e. 
the power split) to vary depending on the transmission ratio of 
the CVT 14. As the transmission ratio of the CVT 14 changes, 
the percentage of the output power provided by the CVT 14 
and the percentage of the output power provided by the alter 
native transmission 16 is governed by the combination of the 
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CVT transmission ratio and the gear ratios within the plan 
etary gear assembly 38 of the power mixing mechanism 18. 
0063. In the present illustrative embodiment, the planetary 
gear assembly 38 has gear ratios that are configured such that 
the percentage of output power supplied by the CVT 14 to the 
output shaft 42 decreases as the transmission ratio of the CVT 
14 goes from overdrive to underdrive (i.e. from minimum to 
maximum ratio). This is illustrated in the graph of FIG. 4, 
which shows that when the CVT ratio is in an overdrive 
condition (CVT ratio of about 0.45 to about 0.75), a greater 
percentage of the overall output power is provided by the 
CVT 14. As the CVT ratio moves towards an underdrive 
condition (CVT ratio of about 1.0 to about 2.3), the percent 
age of power from the CVT 14 decreases, such that a greater 
percentage of the overall output power is provided by the 
more efficient alternative transmission 16. 

0064. The CVT 14 is generally in an overdrive condition 
when the engine 12 has a relatively low engine speed and 
power output, and is generally in an underdrive condition 
when the engine 12 has a relatively high engine speed and 
high power output. As such, as the power output of the engine 
12 increases, more of that power output is Supplied to the 
generator 22 through the alternative transmission 16 that 
transmits the power more efficiently than the CVT 14. In this 
manner, as the load demand on the generator 22 increases, 
thus requiring more power from the engine 12, the CVT will 
move towards an underdrive condition wherein more power is 
passed to the generator 22 through the alternative transmis 
sion 16. Therefore, the overall efficiency of the transmission 
arrangement 20 increases as the power generation of the 
engine 12 increases. 
0065. As previously mentioned, the CVT 14 provides a 
less efficient power transmission path than the alternative 
transmission 16. As such, as the percentage of the output 
power that is provided by the alternative transmission 16 
increases, the overall efficiency of the transmission arrange 
ment 20 also increases. 

0066. In operation, the CVT 14 generally experiences a 
ratio change when the load demands on the generator 22 
changes. Whenever the load demand on the generator 22 
changes, the CVT 14 changes its transmission ratio to a ratio 
that will allow the engine 12 to operate at its most efficient 
rotation speed for the power that is required by the load 24. 
This change in transmission ratio allows the engine 12 to 
operate efficiently for the given power requirement, while 
maintaining the rotation speed that is Supplied to the genera 
tor 22 Substantially constant. 
0067. As mentioned above, the transmission arrangement 
20 is so configured that when the load demand on the genera 
tor 22 changes, the percentage of the combined output power 
that is provided by the alternative transmission 16 changes. 
As the load demand on the generator 22 changes such that 
more power is required from the engine 12, the transmission 
arrangement 20 causes the power split between the CVT 14 
and the alternative transmission 16 to be such that the overall 
efficiency of the transmission arrangement 20 increases. 
0068. Shown in FIG. 5 is a chart that maps the relation 
ships between transmission efficiency 106, engine rotation 
speed 100, transmission ratio 102 of the CVT 14 and total 
transmission ratio 104. The values shown in FIG.5 assume an 
input speed to the generator of 1800 rpm (60 Hz), a speed 
adjusting planetary ratio of 3.53 for the first gear train 80, a 
mixing planetary ratio of 1.63 for the second gear train 82, a 
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transmission efficiency of 90% for the CVT 14 and first gear 
train 80, and a transmission efficiency of nearly 100% for the 
alternative transmission 16. 

0069. As the transmission ratio 102 of the CVT 14 goes 
from overdrive to underdrive, the transmission ratio 104 of 
the total transmission assembly increases. As the transmis 
sion ratio 104 of the total transmission assembly increases, 
the percentage of output power Supplied by the alternative 
transmission 16 increases according to the physics of the 
planetary gear assembly 38. Accordingly, and as apparent 
from the table of FIG. 5, given that the CVT 14 is less efficient 
than the alternative transmission 16, as the transmission ratio 
102 of the CVT 14 goes from overdrive to underdrive (such 
that less and less of the output power is being provided by the 
CVT 14) the overall efficiency 106 of the transmission 
arrangement 20 increases. 
0070 For example, when the transmission ratio 102 of the 
CVT14 is at 0.45 (an overdrive ratio), approximately 65% of 
the output power is provided by the CVT 14 (based on FIG. 
4), such that the transmission efficiency 106 of the transmis 
sion arrangement is at about 93.5%. However, when the trans 
mission ratio 102 of the CVT 14 is at 1.31 (a small underdrive 
ratio), approximately 46% of the output power is provided by 
the CVT 14 (based on FIG. 4), which causes the transmission 
efficiency 106 of the transmission arrangement 20 to increase 
to 96.1%. 

0071. The power mixing mechanism 18 is configured in 
order to provide this power split behavior, wherein when the 
transmission ratio of the CVT 14 is at 0.82 or greater, a larger 
percentage of the output power is provided by the alternative 
transmission 16 than from the CVT 14. The fact that a part of 
the power flows through the alternative transmission 16 cre 
ates an increase in the power transmission efficiency of the 
transmission arrangement 20. It should be appreciated that 
the gear ratios and configuration of the planetary gear assem 
bly 38 can be selected by a person of skill in the art in order to 
obtain any desired power split behavior. 
0072 Shown in FIG. 6 is a flow diagram that summarizes 
the non-limiting method for transmitting power from the 
engine 12 to the generator 22 that has been described above. 
0073 Firstly, at steps 110 and 112, the method involves 
receiving, at the power mixing mechanism, power from a 
CVT and power from an alternative transmission. Although 
these steps are shown as being sequential, it should be under 
stood that they can be performed simultaneously, or in the 
reverse order. 

0.074. One skilled in the art will also understand that it is 
possible to use a different planetary 38 configuration that uses 
a power looping strategy to obtain similar efficiency gain in 
the overall transmission 20. As a non-limiting example, Such 
a configuration could create a power loop where, at a certain 
CVT ratio, 150% of the power flows in the alternative trans 
mission and -50% of the power flows in the CVT. It is thus 
understood that power in steps 110 or 112 can have a positive 
or negative value. 
0075. At step 114, the method involves combining the 
power from the CVT and the power from the alternative 
transmission into a combined power output, wherein the per 
centage of CVT power within the combined power output 
varies according to the load demand on the generator. An 
example of the manner in which the power mixing mecha 
nism combines the power from the CVT and the power from 
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the alternative transmission as well as the manner in which 
the percentage of power from the CVT varies has been 
described in detail above. 

(0076 Referring back to FIG. 1, the electronic controller 
28 is in communication with a clutch 32 that is positioned 
between the engine 12 and the CVT 14. The clutch 32 may be 
any suitable clutch mechanism (mechanical, hydraulic or 
electromagnetic) that is operative for disengaging the CVT 14 
from the engine 12. When the clutch is activated, the CVT 14 
is disengaged from engine 12, Such that the CVT 14 does not 
receive any power or rotational motion from the engine 12. 
When the CVT 14 is disengaged, all the power and rotational 
motion from the engine 12 is transferred from the engine 12 to 
the generator 22 through the alternative transmission 16. 
0077. Of course, one skilled in the art will understand that 
elements of the planetary gear 38 should be acted upon to 
allow all the power and rotational motion from the engine 12 
to be transferred from the engine 12 to the generator 22 
through the alternative transmission 16. For example, the 
planet carrier could be blocked to prevent power to be circu 
lated through the freewheeling Sun gear 84. 
0078. As described above, the alternative transmission 16 
is able to transmit power to the generator 22 more efficiently 
than the CVT 14. Therefore, by disengaging the CVT 14 from 
the engine 12, the power and rotational motion from the 
engine 12 can be transmitted to the generator 22 by the alter 
native transmission 16 with a higher efficiency. 
(0079. This direct drive configuration, wherein the CVT 14 
is disengaged from the engine 12, may only be useful for a 
portion of the generator power and speed range. As an 
example, the generator 22 running from 80 to 100% power 
can use the alternative transmission 16, which in the embodi 
ment described above is a direct drive, in order to avoid the 
power losses from the CVT transmission and be able to give 
more power more efficiently from the engine 12 to the gen 
erator 22. However, as the power goes below 80% the CVT 14 
is brought back into operation to reduce engine speed and 
ensure greater fuel economy for the rest of the power range. 
0080 Accordingly, in a non-limiting example of imple 
mentation, the electronic controller 28 monitors the signals 
from the power meter 26 that are indicative of the load 
demand on the generator 22. The electronic controller 28 
further comprises logic and program instructions such that 
upon detection that the load demand on the generator 22 is 
within a preset range, the electronic controller is operative for 
activating the clutch 32, such that the CVT 14 is disengaged 
from the engine 12. In this manner, when the load demand on 
the generator 22 is in the preset range, the CVT 14 is discon 
nected from the engine 12 Such that the transmission arrange 
ment 20 can transmit power from the engine 12 to the gen 
erator 22 in the most efficient manner possible. 
I0081. It is to be noted that in the system showed on FIG. 1 
an engine flywheel 34 is of lower inertia than an output 
flywheel36 since the output of the system is at constant speed 
while the engine speed varies. Then in the event of a sudden 
block load applied on the alternator the inertia energy stored 
in the large output flywheel 36 can be use to keep generator 
speed relatively constant. At the mean time the transmission 
system can downshift and transfer a part of this output rota 
tional inertia energy to the engine to rapidly increase its 
speed. Such rapid acceleration of the engine allows it to 
deliver more power more rapidly in order to brought system 
back in steady state and reduce system response time. 
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0082 It will easily be understood by one skilled in the art 
that the Internal combustion engine 12 could be replaced by 
other prime movers, such as for example, gasoline, diesel or 
gas fired engines, turbines and electric, pneumatic or hydrau 
lic motors. It is to be noted that all the prime movers can be 
user controlled so that the rotation speed and/or output torque 
of the prime mover can be adjusted by the user, or by an 
automatic controller, depending on various parameters. 
0083. It is also to be noted that while the appended draw 
ings and the above disclosure have been concerned with a 
transmission arrangement for an electric generator, other 
types of loads could be associated with the power output 
shaft, i.e. the ring gear 94 of the planetary arrangement 82 in 
the illustrative example shown. For example, pumps, com 
pressors, conveyors, fans, engine accessories or turbocharg 
ers could be associated with Sucha transmissionarrangement. 
0084. It is to be understood that the invention is not limited 
in its application to the details of construction and parts illus 
trated in the accompanying drawings and described herein 
above. The invention is capable of other embodiments and of 
being practiced in various ways. It is also to be understood 
that the phraseology or terminology used herein is for the 
purpose of description and not limitation. Hence, although 
the present invention has been described hereinabove by way 
of illustrative embodiments thereof, it can be modified, with 
out departing from the spirit, scope and nature of the Subject 
invention as recited in the appended claims. 
What is claimed is: 
1. A transmission arrangement for transmitting power from 

a prime mover having a controllable variable output to an 
output shaft, the transmission arrangement comprising: 

a continuously variable transmission (CVT) so configured 
as to receive power from the variable output of the power 
source and to provide a CVT power output; 

an alternative transmission so configured as to receive 
power from the variable output of the power source and 
to provide an alternative transmission power output; and 

a power mixing mechanism so configured as to combine 
the CVT power output and the alternative transmission 
power output into a combined power output to be Sup 
plied to the output shaft, wherein a percentage of CVT 
power within the combined power output decreases as 
power Supplied by the power Source increases. 

2. A transmission arrangement as recited in claim 1, 
wherein the output shaft is associated with an input of an 
electrical generator. 

3. A transmission arrangement as recited in claim 2, 
wherein the adjustment of a transmission ratio of the CVT 
causes an adjustment in the percentage of CVT power within 
the combined power output. 

4. A transmission arrangement as recited in claim 2, 
wherein the power source is an internal combustion engine. 

5. A transmission arrangement as recited in claim 2, 
wherein the percentage of CVT power within the combined 
power output decreases as the transmission ratio of the CVT 
moves from overdrive towards underdrive. 

6. A transmission arrangement as recited in claim 5. 
wherein the percentage of CVT power within the combined 
power output is less than a percentage of alternative transmis 
sion power within the combined power output when the CVT 
is in an underdrive transmission ratio. 

7. A transmission arrangement as recited in claim3, further 
comprising an electronic controller so configured as to adjust 
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the transmission ratio of the CVT in response to a change in 
the load demand at the electrical generator. 

8. A transmission arrangement as recited in claim 7, further 
comprising a power meter associated with the generator and 
so configured as to Supply load demand data to the electronic 
controller. 

9. A transmission arrangement as recited in claim 7. 
wherein the electronic controller is further configured to con 
trol the power source in order to vary a speed and/or power of 
the power source. 

10. A transmission arrangement as recited in claim 7, fur 
ther comprising a first speed sensorso configured as to Supply 
combined output speed data to the electronic controller. 

11. A transmission arrangement as recited in claim 10, 
further comprising a second speed sensor so configured as to 
Supply power source speed data to the electronic controller. 

12. A transmission arrangement as recited in claim 2, fur 
ther comprising a low inertia flywheel associated with a rotat 
ing output shaft of the power Source. 

13. A transmission arrangement as recited in claim 12, 
further comprising a high inertia flywheel associated with a 
rotating input shaft of the electrical generator. 

14. A transmission arrangement as recited in claim 2, 
wherein the alternative transmission comprises an input shaft 
of the CVT. 

15. A transmission arrangement as recited in claim 2, 
wherein the power mixing mechanism comprises a planetary 
gear assembly. 

16. A transmission arrangement as recited in claim 15, 
wherein the planetary gear assembly comprises: 

a first planetary arrangement having a first Sun gear, a first 
set of planet gears and a fixed ring gear; 

a second planetary arrangement having a second Sun gear, 
a second set of planet gears and a ring gear in commu 
nication with an output shaft for providing the combined 
output power to the load, 

wherein, the CVT power output is supplied to the first sun 
gear and the alternative transmission power output is 
Supplied to the second Sun gear. 

17. A transmission arrangement as recited in claim 16, 
wherein the first and second sets of planet gears are intercon 
nected via respective planet carriers. 

18. A transmission arrangement as recited in claim 16, 
wherein the first planetary arrangement, the second planetary 
arrangement and the output shaft are co-axial. 

19. A transmission arrangement as recited in claim 16, 
wherein the second planetary arrangement has a mixing ratio 
of 1.63. 

20. A transmission arrangement as recited in claim 19, 
wherein the first planetary arrangement has a mixing ratio of 
3.53. 

21. A transmission arrangement as recited in claim 2, 
wherein the CVT is a toroidal CVT. 

22. A method for providing power from a prime mover 
having a controllable variable output to an output shaft, the 
method comprising: 

receiving at a power mixing mechanism, a continuously 
variable transmission (CVT) power output; 

receiving at the power mixing mechanism, an alternative 
transmission power output; 

combining, at the power mixing mechanism, the CVT 
power output and the alternative transmission power 
output into a combined power output to be provided to 
the power output shaft, wherein a percentage of alterna 
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tive transmission power within the combined power out 
put varies in response to a change in load demand at the 
power output shaft. 

23. A method as recited in claim 22, wherein the power 
output shaft is associated with an electric power generator. 

k k k k k 
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