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USING AC AND DC GENERATORS WITH 
CONTROLLERS ASA REGENERATIVE 

POWER BURN OFF DEVICE 

FIELD 

0001. The present disclosure relates to generators and, 
more particularly, relates to using an AC induction motor with 
a controller as a generator to produce a regulated power 
output in a utility vehicle. 

BACKGROUND 

0002 This section provides background information 
related to the present disclosure which is not necessarily prior 
art 

0003 Generally, it is known that conventional generators 
can be used to generate a power output. In some conventional 
systems, the generator uses a permanent magnet-type direct 
current (DC) motor, with full wave rectification, to generate 
the power output. During operation, in order to increase the 
power output, the revolutions per minute (RPM) of these 
permanent magnet-type DC motors must also be increased. 
0004. Unfortunately, when using such DC motors togen 
erate power output in a utility vehicle application, the need for 
increased power output of the DC motor may result in a 
commensurate decrease in fuel efficiency of the utility 
vehicle. That is, utility vehicles, such as turf care vehicles, 
golf carts, and off-road vehicles other than automotive 
vehicles, often employ a drive system having an internal 
combustion engine that is mounted in series with a DC motor 
via a mechanical coupler to generate power output. The 
power output can then be used to provide motive force and to 
power other vehicle systems, such as controllers, navigation, 
power takeoffs, and the like. Consequently, in order to 
increase the available power output of the drive system when 
using a DC motor, the RPM of the internal combustion engine 
must be increased to increase the RPM of the DC motor to 
thereby increase the power output. Thus, it should be under 
stood that any increase in power output of the DC motor is 
necessarily related to an increase in fuel consumption of the 
internal combustion engine. 
0005 Moreover, such conventional generator arrange 
ments fail to compensate for regeneration power from brak 
ing. That is, as described herein, the power output of DC 
motors is dependent upon the RPM thereof, therefore, in 
order to obtain increased power output, the RPM must 
increase. However, during regeneration from braking, the 
RPM of the DC motor is increased as a result of the braking 
process of the utility vehicle. This increase in RPM of the DC 
motor will result in an increase in Voltage if the load is not also 
increased simultaneously. A commensurate load increase is 
not necessarily associated with every braking situation and 
thus can result in a disadvantageous increase in Voltage. 
Moreover, it is often important to maintain a stable Voltage to 
ensure proper operation of coupled, on-board electronics. On 
the other hand, the cost of power generation can be significant 
and due to the ongoing demand for improved energy produc 
tion efficiencies, it is often desirable to harness power sources 
where available, such as power regeneration via braking. 
0006. Accordingly, there exists a need in the relevant art to 
provide a power generation system for use in a utility vehicle 
whereby the power output of the power generation system can 
be varied without requiring a change in RPM of an associated 
internal combustion engine. Further, there exists a need in the 
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relevant art to provide a power generation system that is 
capable of maintaining a predetermined power output and/or 
Voltage irrespective of an associated regeneration during 
braking. Still further, there exists a need in the relevant art to 
overcome the disadvantages of the prior art. 

SUMMARY 

0007. This section provides a general summary of the 
disclosure, and is not a comprehensive disclosure of its full 
scope or all of its features. 
0008 According to principles of the present teachings, a 
power generation device for a utility vehicle is provided hav 
ing a battery source, a logic/driver module operably coupled 
to the battery source and capable of outputting power to a 
motive drive system, an internal combustion engine capable 
of outputting a mechanical driving force, and a generator 
system operably coupled to the internal combustion engine 
and electrically coupled to the logic/driver module. The gen 
erator system is capable of operating as a generator in 
response to the mechanical driving force of the internal com 
bustion engine, thereby outputting electrical energy to the 
logic/driver module, and further is capable of operating as an 
electric motor in response to input of electrical energy from 
the logic/driver module. Between a first Voltage and a second 
voltage, the output of the generator is reduced. Between the 
second Voltage and a third Voltage, the generator output is 
reduced to Zero and the internal combustion engine is reduced 
to idle. 

0009 Further areas of applicability will become apparent 
from the description provided herein. The description and 
specific examples in this Summary are intended for purposes 
of illustration only and are not intended to limit the scope of 
the present disclosure. 

DRAWINGS 

0010. The drawings described herein are for illustrative 
purposes only of selected embodiments and not all possible 
implementations, and are not intended to limit the scope of 
the present disclosure. 
0011 FIG. 1 is a schematic diagram illustrating a power 
generation device according to the principles of the present 
teachings; 
0012 FIG. 2 is a perspective view illustrating the power 
generation device according to Some embodiments; 
0013 FIG. 3 is a chart illustrating various control Zones in 
connection with the principles of the present teachings; 
0014 FIG. 4 is a perspective view illustrating the power 
generation device according to some embodiments having a 
frameless generator, and 
(0015 FIG. 5A is a perspective view illustrating a bell 
housing and flywheel according to the principles of the 
present teachings; 
0016 FIG. 5B is a perspective view illustrating a rotor of 
the frameless generator according to the principles of the 
present teachings; and 
0017 FIG. 5C is a perspective view illustrating a stator of 
the frameless generator according to the principles of the 
present teachings. 
0018 Corresponding reference numerals indicate corre 
sponding parts throughout the several views of the drawings. 
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DETAILED DESCRIPTION 

0019. Example embodiments will now be described more 
fully with reference to the accompanying drawings. Example 
embodiments are provided so that this disclosure will be 
thorough, and will fully convey the scope to those who are 
skilled in the art. Numerous specific details are set forth such 
as examples of specific components, devices, and methods, to 
provide a thorough understanding of embodiments of the 
present disclosure. It will be apparent to those skilled in the art 
that specific details need not be employed, that example 
embodiments may be embodied in many different forms and 
that neither should be construed to limit the scope of the 
disclosure. In some example embodiments, well-known pro 
cesses, well-known device structures, and well-known tech 
nologies are not described in detail. 
0020. The terminology used herein is for the purpose of 
describing particular example embodiments only and is not 
intended to be limiting. As used herein, the singular forms 
“a,” “an, and “the may be intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
The terms “comprises.” “comprising,” “including, and “hav 
ing.” are inclusive and therefore specify the presence of stated 
features, integers, steps, operations, elements, and/or compo 
nents, but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, elements, 
components, and/or groups thereof. The method steps, pro 
cesses, and operations described herein are not to be con 
Strued as necessarily requiring their performance in the par 
ticular order discussed or illustrated, unless specifically 
identified as an order of performance. It is also to be under 
stood that additional or alternative steps may be employed. 
0021 When an element or layer is referred to as being 
“on.” “engaged to.” “connected to or “coupled to another 
element or layer, it may be directly on, engaged, connected or 
coupled to the other element or layer, or intervening elements 
or layers may be present. In contrast, when an element is 
referred to as being “directly on.” “directly engaged to.” 
“directly connected to,” or “directly coupled to another ele 
ment or layer, there may be no intervening elements or layers 
present. Other words used to describe the relationship 
between elements should be interpreted in a like fashion (e.g., 
“between versus “directly between.” “adjacent versus 
“directly adjacent,” etc.). As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 
0022. With reference to FIGS. 1-2, a power generation 
system according to the principles of the present teachings is 
provided having advantageous construction and methods of 
use. In some embodiments, power generation system 10 can 
comprise an internal combustion engine 12 being coupled to 
a generator 14 via a mechanical coupler 16. Generator 14 can 
be operably coupled to a logic/driver module 18 via a plural 
ity of connections 20, which will be described in greater detail 
herein. Logic/driver module 18 can be operably coupled to a 
battery source 22, a motive output system 24, and optionally 
a power regeneration system 26. It should be understood that, 
in Some embodiments, motive output system 24 and power 
regeneration system 26 can be a single, unitary system. 
0023 Still referring to FIGS. 1-2, in some embodiments, 
logic/driver module 18 can be operably coupled to internal 
combustion engine 12 via a throttle or other control 28. 
Throttle 28 can be used to control or otherwise set an opera 
tional parameter of internal combustion engine 12, Such as 
engine RPM or other controlling parameter. In some embodi 
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ments, throttle 28 can be used to set internal combustion 
engine 12 in any one of a number of operational settings. Such 
as idle, full RPM (e.g. 3000 RPM), or any other predeter 
mined condition. 
0024. In some embodiments, power generation system 10 
comprises a starter and/or ignition system 30 having a Switch 
32 for starting and/or running logic/driver module 18 and, 
consequently, generator 14, internal combustion engine 12, 
and battery source 22. 
0025. In some embodiments, generator 14 is operably 
coupled to logic/driver module 18 via the plurality of connec 
tions 20. In some embodiments, the plurality of connections 
20 comprises a plurality of commutator lines 34, 36, 38. 
which are also referenced as W. V. and U, respectively. Com 
mutator lines 34, 36, 38 are operably coupled to logic/driver 
module 18 for transmitting a power output of generator 14 to 
logic/driver module 18. In turn, logic/driver module 18 is 
operable to transmit the power output received on commuta 
tor lines 34, 36, and 38 from generator 14 to battery source 22 
and motive output system 24 via lines 40, 42. In some 
embodiments, line 40 represents a power line and line 42 
represents a ground line. 
0026. In some embodiments, logic/driver module 18 is 
operable to serve as a controller, data hub, and/or central 
processing unit to monitor and control operation of power 
generation system 10. To this end, logic/driver module 18 can 
receive any one of a number of sensory inputs, such as a 
temperature input 44 from battery source 22. Temperature 
input 44 is operably coupled to battery source 22 to provide a 
signal indicative of an operational temperature of battery 
source 22 to ensure the safe and efficient operation thereof. 
Similarly, logic/driver module 18 can receive additional sen 
sory inputs from generator 14, Such as a tachometer input 46 
and temperature inputs 48, 50. In some embodiments, 
tachometer input 46 can provide operational speed, in revo 
lutions per minute, of generator 14. This can be particularly 
useful in monitoring the operational parameters of generator 
14, including the position of commutator and/or engine 
speed. Furthermore, temperature inputs 48, 50, in some 
embodiments, can be used to monitor the operational perfor 
mance and efficiency of generator 14 and/or engine 12. Lines 
52.54 can provide power source for operation of logic/driver 
module 18. 

0027. In some embodiments, generator 14 can comprise 
an AC induction motor. AC induction motor 14' can provide a 
number of benefits over conventional DC motors (it should be 
noted that reference numeral 14 will be used in the figures to 
denote AC induction motor 14"). For example, AC induction 
motor 14' is configured such that the electric current in the 
rotor needed to produce torque is induced by electromagnetic 
induction from the magnetic field of the stator winding. AC 
induction motor 14' does not require mechanical commuta 
tion, separate-excitation or self-excitation for the energy 
transferred from stator to rotor, as in conventional DC motors. 
Accordingly, AC induction motor 14' is configured Such that 
logic/driver module 18 can operably control AC induction 
motor 14' to induce a magnetic field, thereby resulting in 
power output. It should be understood that AC induction 
motor 14' can maintain a predetermined Voltage irrespective 
of an associated RPM (of internal combustion engine 12). In 
other words, during operation, logic/driver module 18 can 
vary a slip angle of AC induction motor 14' in order to change 
a resultant current output of AC induction motor 14' and 
thereby maintain a predetermined or regulated Voltage, irre 
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spective of RPM. This enables improved control of voltage 
and further reduces and/or eliminates damage to high Voltage 
components due to overshooting Voltage levels. Torque can 
be monitored by logic/driver module 18 to ensure load on 
internal combustion engine 12 is not too great. 
0028. During continued operation, if the load on internal 
combustion engine 12 causes the RPM of internal combustion 
engine 12 to decrease, then throttle 28 can be actuated by 
logic/driver module 18 to increase RPM of internal combus 
tion engine 12 to an acceptable level. On the other hand, if an 
increase in throttle 28 is not possible/practical/permissible, 
then AC induction motor 14' can reduce the torque and asso 
ciated load to enable internal combustion engine 12 to con 
tinue to run. In this case, the power output of AC induction 
motor 14' can be reduced and the additional necessary power 
can come from battery source 22. 
0029 When internal combustion engine 12 is set at an idle 
RPM state (e.g. throttle 28 is actuated to permit internal 
combustion engine 12 to operate at a lower power setting or 
otherwise idle condition), the current allowed via AC induc 
tion motor 14' is controlled by logic/driver module 18 to allow 
internal combustion engine 12 to run with only mild engine 
droop. However, if the required load is increased beyond a 
predetermined level, throttle 28 is actuated to adjust internal 
combustion engine 12 to a high RPM state. It should be 
understood that the load level can also be controlled using a 
single engine RPM level. Droop can be controlled at any level 
of RPM by increasing or decreasing AC induction motor 
torque. 
0030. In some embodiments, by monitoring the tempera 
ture of logic/driver module 18 and the temperature of AC 
induction motor 14, the output of AC induction motor 14' can 
be changed (e.g. reduced) to allow AC induction motor 14' or 
logic/driver module 18 to cool. In addition to controlling the 
output, logic/driver module 18 can also turn on or off fans for 
cooling. This control of AC induction motor 14' allows AC 
induction motor 14' to produce a wide range of Voltages 
without changing the associated RPM of internal combustion 
engine 12. 
0031. Furthermore, during a regenerative power opera 

tion, if logic/driver module 18 detects a voltage rise due to 
regenerative power from regenerative system 26, logic/driver 
module 18 can reduce AC induction motor 14' output to Zero 
and reduce internal combustion engine 12 RPM to idle. The 
voltage swing of the system can be controlled from 3 volt to 
0.1 Volt peak to peak Swing. 
0032. By way of non-limiting example, in some embodi 
ments, power generation system 10 can be operated to be 
responsive to varying Voltage outputs in order to maintain 
proper operational parameters and also consume excess 
power developed via regenerative processes. It should be 
recognized that the following thresholds are merely for illus 
tration and, thus, alternative thresholds can be used. It should 
also be recognized that in some embodiment some of the 
following specified Voltages, such as first Voltage, second 
Voltage, and the like, and refer to the same absolute Voltage 
value. Such that separately specified Voltages can include the 
same absolute voltage value. 
0033. With reference to FIG. 3, if logic/driver module 18 
detects a voltage that is between a first voltage (e.g. 50 volts) 
and a second Voltage (e.g. 55 volts) generally indicated as 
Zone A, the AC induction motor 14' can continue to operate as 
a generator outputting power. The actual output Voltage 
between the first voltage and the second voltage can be varied 
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and/or maintained, if desired, by adjusting a slip angle of an 
AC induction motor 14' or command reverse torque a brush 
less DC motor 14". 
0034. If the detected voltage increases to between the sec 
ond Voltage (e.g. 55 volts) and a third voltage (e.g. 57 volts) 
generally indicated as Zone B, the output of generator 14 can 
be reduced to Zero and act as a flywheel (e.g. free spinning) to 
prevent further increase of the output Voltage caused by gen 
erator 14 and, additionally, internal combustion engine 12 can 
be reduced to idle via throttle 28. Within Zone B, battery 
Source 22 can receive and store excess available power. It 
should be understood that Zone B can be reduced to any 
desired range, including Zero. 
0035) If the detected voltage increases to between third 
voltage (e.g. 57 volts) and a fourth voltage (e.g. 58 volts) 
generally indicated at Zone C, battery source 22 is now fully 
charged and unable to accept or consume additional available 
power. At the fourth voltage, logic/driver module 18 can 
output a control signal to generator 14 to spin up to and 
generally match the associated RPM of internal combustion 
engine 12. During this spin-up process, power is consumed 
from the available power of battery source 22 and regenera 
tive power system 26. This helps to consume excess system 
power being developed that can no longer be used. Such as for 
instance to store in battery source 22 or power vehicle com 
ponents. It should be understood that Zone C can be reduced 
to any desired range, including Zero, but ideally would be 
greater than Zero to provide an indication of a completely 
charged state of battery source 22. 
0036. If the detected voltage increases above the fourth 
Voltage (e.g. 58 volts), generator 14 can be further actuated as 
a motor, thereby receiving excess power from regenerative 
system 26 that drives generator 14, thereby consuming this 
excess available system power and applying a mechanical 
drive output to internal combustion engine 12 via mechanical 
coupler 16. This mechanical drive output urges internal com 
bustion engine 12 to speed up (i.e. back drive the engine 12) 
and serves as a drag device and power consumption unit. 
0037. If detected voltage continues to increase above a 
predetermined max voltage level or fifth voltage (e.g. 65 
Volts), alternative systems can be used to disengage and/or 
power down power generation system 10 as a failsafe mecha 
nism. Alternative systems can include mechanical braking 
components for the vehicle and/or power generation system. 
0038. If the detected voltage drops below the fourth volt 
age (e.g. 58 volts), generator 14 can once again become a 
flywheel with no associated power output. Likewise, if the 
detected Voltage drops below the second Voltage (e.g. 55 
Volts), generator 14 can once again operate as a generator 
outputting power. 
0039. In some embodiments, generator 14 comprises a 
brushless DC motor 14", with operation in connection with 
the remaining portions of power generation system 10 being 
similar to AC induction motor 14' unless otherwise noted 
herein (it should be noted that reference numeral 14 will be 
used in the figures to denote brushless DC motor 14"). Brush 
less DC motor 14" comprises rotor, stator, and magnets. In 
operation, brushless DC motor 14" is operable in response to 
control input from logic/driver module 18. 
0040. In some embodiments, power generation system 10 
can be employed as a starter mechanism or system for starting 
internal combustion engine 12. In conventional internal com 
bustion engines, a starter is mechanically coupled to a drive 
member of the internal combustion engine to impart a rota 
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tional force capable of initiating ignition of the engine. Con 
ventional starters are often heavy and add unnecessary com 
plexity and weight to the system. Once the engine is started, 
the starter is no longer needed until the next startup event. 
However, according to the principles of the present teachings, 
power generation system 10 can be used to provide the nec 
essary rotational force to drive the drive member of the inter 
nal combustion engine 12 to initiate ignition of the engine 12. 
That is, in Some embodiments, battery source 22 can be used 
to drive generator 14 as a motor to impart the necessary 
rotational force via coupler 16 to engine 12. More particu 
larly, battery source 22 can be used to build up a sufficient 
magnetic impulse or charge to drive generator 14 in response 
to logic/driver module 18. Generator 14 is capable of rotating 
engine 12 at a sufficient RPM, such as about 700-850 RPM, to 
introduce fuel and ignition to promote combustion and, thus, 
operation of internal combustion engine 12. Once engine 12 
is started, generator 14 can be adjusted to act merely as a 
flywheel (e.g. free spinning) with no associated power output, 
thereby reducing an associated drag on internal combustion 
engine 12 during warm-up. 
0041. By way of non-limiting example, as described 
herein, starter and/or ignition system 30 can comprise a 
switch 32 for starting and/or running logic/driver module 18 
and, consequently, generator 14, internal combustion engine 
12, and battery source 22. Switch32, when turned into a start 
position, results in logic/driver module 18 initiating the start 
ing sequence, which causes rotation of internal combustion 
engine 12 to a predetermined RPM, such as 750 RPM. Once 
the internal combustion engine 12 increases to a higher RPM, 
such as 850 RPM, which indicates that internal combustion 
engine 12 is self-idling, logic/driver module 18 can discon 
tinue actuating generator 14, thereby permitting generator 14 
to serve as a flywheel and internal combustion engine 12 to 
idle. During this starting sequence and thereafter, fault detec 
tion methods can be employed, as discussed below. 
0042. Using power generation system 10, and, in particu 

lar, battery source 22, logic/driver module 18, and generator 
14, permits several advantages over conventional starter 
equipped configurations. By way of non-limiting example, in 
Some embodiments, the use of the remaining components of 
power generation system 10 to start internal combustion 
engine 12 enables the elimination of conventional starters, 
thereby reducing costs associated with the conventional 
starter, the associated weight of the starter, and the reduced 
complexity of the starter system. 
0043 Moreover, the use of the remaining components of 
power generation system 10 to start internal combustion 
engine 12 further permits robust monitoring and fault detec 
tion of potential failure modes of internal combustion engine 
and related components. For example, during the initial start 
ing procedure, if logic/driver module 18 detects a lower than 
anticipated current draw, the starting sequence can be termi 
nated as a potential failure exists, such as a broken shaft, rod, 
or other engine component that is permitting a nearly free 
rotation of the engine 12. On the other hand, if logic/driver 
module 18 detects a higher than anticipated current draw, the 
starting sequence can again be terminated as a potential fail 
ure exists, such as a seized engine or other obstruction that is 
preventing rotation of the engine 12. Still further, due to 
continuous monitoring of operational parameters by logic/ 
driver module 18, misfires or other engine abnormalities can 
be detected by the associated changes in operating parameters 
(e.g. current, Voltage, etc.) within generator 14. 
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0044. In some embodiments, as illustrated in FIGS. 4-5C, 
a frameless generator 14" can be used in place of generator 
14. Specifically, frameless generator 14" can result in 
reduced size and weight compared to AC induction motor 14' 
and brushless DC motor 14". In some embodiments, frame 
less generator 14" can comprise a bell housing 60 being 
integrally formed or attached to a fixed portion of internal 
combustion engine 12, and a high inertia flywheel 62 being 
rotatably coupled to a crank shaft of internal combustion 
engine 12 for rotation therewith. A rotor 64 of frameless 
generator 14" can be operably coupled with flywheel 62 for 
rotation therewith and an associated stator 66 of frameless 
generator 14" can be fixedly coupled with bell housing 60, 
such that rotor 64 is rotatable relative to stator 66. Frameless 
generator 14" can be operated as both a generator (e.g. being 
driven by internal combustion engine 12) or a motor (e.g. 
being driven by battery source 22 and logic/driver module 18) 
as described herein. It should be noted that use of frameless 
generator 14" can permit the elimination of coupler 16 in 
Some embodiments. 
0045. The foregoing description of the embodiments has 
been provided for purposes of illustration and description. It 
is not intended to be exhaustive or to limit the disclosure. 
Individual elements or features of a particular embodiment 
are generally not limited to that particular embodiment, but, 
where applicable, are interchangeable and can be used in a 
selected embodiment, even if not specifically shown or 
described. The same may also be varied in many ways. Such 
variations are not to be regarded as a departure from the 
disclosure, and all Such modifications are intended to be 
included within the scope of the disclosure. 

1. A power generation device for a utility vehicle, said 
power generation device comprising: 

a battery source capable of storing electrical energy; 
a logic/driver module operably coupled to said battery 

Source, said logic/driver module capable of outputting 
power to a motive drive system of the utility vehicle: 

an internal combustion engine capable of outputting a 
mechanical driving force; and 

a generator system operably coupled to said internal com 
bustion engine and electrically coupled to said logic/ 
driver module, said generator System being capable of 
operating as a generator in response to said mechanical 
driving force of said internal combustion engine, 
thereby outputting electrical energy to said logic/driver 
module, and further being capable of operating as an 
electric motor in response to input of electrical energy 
from said logic/driver module, wherein between a first 
Voltage and a second Voltage a slip angle of said genera 
tor is reduced to reduce output of said generator, 
between said second Voltage and a third Voltage said 
generator output is reduced to Zero and said internal 
combustion engine is reduced to idle. 

2. The power generation device according to claim 1 
wherein between said third voltage and a fourth Voltage said 
battery source is permitted to reach a fully charged state. 

3. The power generation device according to claim 1 
wherein between said third voltage and a fourth Voltage said 
generatoris operated as said electric motor to generally match 
a speed of said internal combustion engine. 

4. The power generation device according to claim 3 
wherein above said fourth Voltage said generator is operated 
as said electric motor and back drives said internal combus 
tion engine. 
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5. The power generation device according to claim 4 
wherein above a fifth Voltage, greater than said fourth Voltage, 
said logic/driver module commands an emergency shutdown 
procedure. 

6. The power generation device according to claim 1 
wherein said motive drive system is operably coupled to said 
logic/driver module, said motive drive system capable of 
receiving electrical energy from said logic/driver module for 
providing a motive force to the utility vehicle, further com 
prising: 

a power regeneration system operably coupled to said 
logic/driver module, said power generation system 
capable of generating electrical energy in response to 
kinetic energy of the utility vehicle and capable of out 
putting electrical energy to said logic/driver module. 

7. The power generation device according to claim 1 
wherein said battery source selectively outputs electrical 
energy and selectively receives electrical energy. 

8. The power generation device according to claim 1 
wherein said internal combustion engine is responsive to a 
control input from said logic/driver module. 

9. The power generation device according to claim 1 
wherein said generator system is operably coupled to said 
internal combustion engine via a mechanical coupler. 

10. The power generation device according to claim 1 
wherein said generator system is an AC induction motor. 

11. The power generation device according to claim 1 
wherein said generator system is a brushless DC motor. 

12. The power generation device according to claim 1 
wherein said generator system is a frameless generator. 
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