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GENERATOR FOR DRIVING A PREDEFINED LOAD
FIELD OF THE INVENTION

[0001] The present invention relates to a generator for connecting to a predefined load,

where the predefined load has at least one or more voltage requirements.

BACKGROUND

[0002] Generators convert motive power into electrical power for serving different types
of loads. Characteristics of loads and types of loads to be served by the generators define the
size, configuration, complexity, and cost of the generators. Although a lot of generators exist,
different types of loads need new generators that meet specific requirements of loads (e.g.,
voltage requirements, power requirements, size requirements, or the like). Thus, there exists a

need for a generator that meets specific requirements of a predefined load described herein.

SUMMARY

[0003] The following presents a simplified summary of one or more embodiments of the
invention in order to provide a basic understanding of such embodiments. This summary is not
an extensive overview of all contemplated embodiments and is intended to neither identify key
or critical elements of all embodiments, nor delineate the scope of any or all embodiments. Its
sole purpose is to present some concepts of one or more embodiments in a simplified form as a
prelude to the more detailed description that is presented later.

[0004] A generator for connecting to a load defines first embodiments of the invention.
The generator includes (7) a stator comprising at least a plurality of stator coils and a stator core
with a plurality of stator slots , wherein the stator core comprises a stator lamination stack made
of steel, and (i) a rotor comprising a rotor core with a rotor lamination stack made of the steel
and a plurality of permanent magnets for establishing a rotating magnetic field within the
generator. The generator is structured to: (/) meet a hot generator, high current, transient loaded
minimum voltage working point requirement by maintaining relative apparent permeability of
the steel below a first limit, and (/i) meet a cold generator, no load current working point,

maximum voltage limit requirement.
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[0005] In specific embodiments the generator is structured to meet the cold generator, no
load current working point, maximum voltage limit requirement by maintaining the relative
apparent permeability above a second limit.

[0006] In other specific embodiments of the generator, the first limit is 500 and the
second limit is 10.

[0007] In further specific embodiments of the generator, the output voltage of the
generator is dependent on, at least in part, the relative apparent permeability of the steel. In such
embodiments, the relative apparent permeability of the steel at the hot generator, high current,
transient loaded minimum voltage working point requirement and the cold generator, no load
current working point, maximum voltage point limit requirement is dependent on one or more of
(7) a grade type of the steel (i/) magnetic polarization of the plurality of magnets, (iif)
temperature of the generator, (#v) current drawn by the load, (v) size of the generator, (vi)
number of series turns per phase of the generator, and (vi) inductance of the generator.

[0008] In one specific embodiment of the generator, the plurality of stator slots is 36 and
the plurality of permanent magnets are 4. In another specific embodiment of the generator, an
outside diameter of the stator is between 253mm and 342mm. In another specific embodiment of
the generator, a length of the stator lamination stack of the stator is between 145mm and 196mm.
[0009] In further specific embodiments of the generator, the generator is connected to an
induction motor load that drives a refrigeration unit to maintain a temperature at or below 6
degree Celsius.

[0010] In further embodiments the present invention is directed to a generator for
connecting to a predefined load. The generator includes a generator magnetic circuit including at
least in part a steel that is preselected. The generator is structured to (i) meet a hot generator,
high current, transient loaded, minimum voltage point requirement by maintaining relative
apparent permeability of the steel below a first limit, and (i7) meet a cold generator, no load
current, working point maximum voltage limit requirement. In an embodiment, the first limit is
500. In a related embodiment, the generator is structured to meet the cold generator, no load
current, working point maximum voltage limit requirement by maintaining the relative apparent
permeability above a second limit. In an embodiment, the second limit is 10.

[0011] In related embodiments, the generator magnetic circuit further includes a stator

having at least a plurality of stator coils and a stator core with a plurality of stator slots, wherein
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the stator core comprises a stator lamination stack made of steel. In a specific embodiment of the
generator, the outside diameter of the stator is between 253mm and 342mm. In other specific
embodiments of the generator, the length of stator lamination stack is between 145mm and
196mm and/or the plurality of stator slots is 36.

[0012] In still further embodiments, the generator magnetic circuit further includes a
rotor including a rotor core with a rotor lamination stack made of steel and a plurality of
permanent magnets for establishing a rotating magnetic field within the generator, in which, the
core of the rotor is made of the steel. In a specific embodiment of the generator, the plurality of
permanent magnets is 4.

[0013] In further specific embodiments of the generator, the output voltage of the
generator is dependent on, at least in part, the relative apparent permeability of the steel. In such
embodiments, the relative apparent permeability of the steel is dependent on one or more of (7) a
grade type of the steel (i) magnetic polarization of the plurality of magnets, (iif) temperature of
the generator, and (iv) current drawn by the load, (v) size of the generator, (vi) number of series
turns of the generator and (vi) inductance of the generator.

[0014] A permanent magnet generator for a preselected load defines other embodiments
of the invention. The permanent magnet generator includes a generator magnetic circuit. The
generator magnetic circuit comprises, at least in part, a steel that is preselected. The permanent
magnet generator is structured to: (i) meet a hot generator, high current, transient loaded,
minimum voltage point requirement by maintaining relative apparent permeability of the steel
below a first limit, and (77) meet a cold generator, no load current, working point maximum
voltage limit requirement.

[0015] A method for constructing a generator for connecting to a load defines further
embodiments of the invention. The method includes (7) providing a stator comprising at least a
plurality of stator coils and a stator core with a plurality of stator slots, wherein the stator core
comprises a stator lamination stack made of steel, (i7) providing a rotor comprising a rotor core
with a rotor lamination stack made of steel and a plurality of permanent magnets for establishing
a rotating magnetic field within the generator. The generator is structured to: (7) meet a hot
generator, high current, transient loaded, minimum voltage point requirement and by maintaining
relative apparent permeability of the steel below a first limit, and (/i) meet a cold generator, no

load current, working point maximum voltage limit requirement.
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[0016] In specific embodiments of the method, the generator is structured to meet the
cold generator, no load current working point, maximum voltage limit requirement by
maintaining the relative apparent permeability above a second limit. In a specific embodiment,
the second limit is 10.

[0017] In other specific embodiments the method further includes () selecting a grade
type of the steel, with a saturation flux density for the stator lamination stack of the stator to meet
voltage requirements of the load, (i7) selecting a number of the plurality of stator slots to meet the
voltage requirements of the load, (7i7) selecting an outside diameter of stator lamination to meet
the voltage requirements of the load, (iv) selecting a length of the stator lamination stack to meet
the voltage requirements of the load, (v) selecting a number of the plurality of permanent
magnets for placing within the rotor to meet a frequency requirement of the load, (vii) selecting
magnetic polarization for the plurality of permanent magnets to provide the rotating magnetic
field within the generator to meet a voltage requirement of the load, (viii) selecting number of
series turns per phase, (ix) selecting size of the generator, and (x) selecting an inductance of the
generator. Additionally, one or more of (7) the saturation flux density of the grade type of the
steel, (i7) the number of the plurality of slots, (i77) the outside diameter of the stator lamination,
(iv) the length of the stator lamination stack, (v) the magnetic polarization of the permanent
magnets, (vi) temperature of the generator, (vi7) current drawn by the load, (viii) the size of the
generator, (ix) the number of series turns per phase of the generator, and (x) the inductance of the
generator, regulate the output of the generator.

[0018] In specific embodiments of the method, the number of the plurality of slots is 36.
While in other specific embodiments, the number of the permanent magnets is 4. In one specific
embodiment of the method, the outside diameter of the stator is between 253mm and 342mm
and/or the length of the stator lamination stack is between 145mm and 196mm. In yet another
specific embodiment of the method, the first limit is 500 and the second limit is 10. In a further
embodiment of the method, the load is an induction motor that drives a refrigeration unit to

maintain a temperature at or below 6 degree Celsius.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and other advantages and features of the invention, and the manner
in which the same are accomplished, will become more readily apparent upon consideration of
the following detail description of the invention taken in conjunction with the accompanying
drawings, which illustrate preferred and exemplary embodiments and which are not necessarily
drawn to scale, wherein:

[0020] Figure 1 illustrates a block diagram presenting a generator that is structured to
connect to a predefined load, according to embodiments of the present invention.

[0021] Figure 2 illustrates a B-H curve associated with steel to be used in the generator to
meet requirements of the load, according to embodiments of the present invention.

[0022] Figures 3A-3B illustrate B-H and relative apparent permeability curves of
different grades of steel, according to embodiments of the present invention.

[0023] Figure 4 illustrates a cross sectional view of the generator, according to a

embodiments of the present invention.

[0024] Figure SA illustrates a rotor of the generator, according to a embodiments of the
present invention.
[0025] Figure 5B illustrates the rotor of the generator connected to a shaft, according to a

embodiments of the present invention.

[0026] Figure 6A illustrates a stator of the generator, according to embodiments of the
present invention.

[0027] Figure OB illustrates a stator core of the generator, according to embodiments of
the present invention.

[0028] Figure 7 illustrates a configuration of the generator of Figure 1, according to
embodiments of the present invention.

[0029] Figure 8 illustrates a configuration of the generator of Figure 1, according to
embodiments of the present invention.

[0030] Figure 9 illustrates a process flow of constructing the generator of Figure 1,

according to embodiments of the present invention.
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DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0031] The present invention now will be described more fully hereinafter with reference
to the accompanying drawings, in which some, but not all embodiments of the invention are
shown. This invention may be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements throughout.

[0032] Generators have many applications and are designed to meet requirements of
different types of load as explained above. Loads connected to generators may be linear loads
and/or non-linear loads. Examples of linear loads may include, but are not limited to, heaters,
motors, transformers, or the like. Examples of non-linear loads may include, but are not limited
to computer, Uninterruptable Power Supplies (UPSs), electronic equipment, variable frequency
drives, or the like. Each of these loads may have different requirements and therefore generators
used for each of these applications differ in configuration, size, and/or operation.

[0033] One application addressed in the present invention is to construct a generator that
ultimately drives a stand-alone refrigeration unit or a refrigeration unit located in a truck, tractor,
trailer, semi-trailer, or the like used to transport medical supplies, pharmaceutical products (e.g.,
medicines), perishable products (e.g., meat, dairy, poultry, seafood, or the like), chemical
products, or the like. Such an application requires a generator that meets specific voltage, size,
efficiency, and/or cost requirements in order to maintain a temperature at or below 6 degrees
Celsius within the truck, trailer, semi-trailer, or the like. In particular, a generator used in such
an application requires (7) a minimum voltage while starting an inductive load (e.g., induction
motor) at or above ambient temperature, and (i7) an output voltage that does not exceed an upper
voltage limit while being driven at full speed without any load current at or below ambient
temperatures, while maintaining high efficiency under a specified full load running condition and
keeping the overall cost and size of the generator low.

[0034] Conventional generators existing in such applications are designed using thicker
and stronger magnets and/or high number of slots, thereby driving up the size and cost of the
generators. Bulky generators that cost more are usually not desirable. As such, there exists a
need for a generator that meets specific requirements of the predefined load (i.e., an induction

motor that drives the refrigeration unit). The present invention discloses a novel generator that is
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structured to meet the specific voltage requirements while keeping the size and cost of the
generator low and efficiency of the generator high.

[0035] Figure 1 illustrates a block diagram 100 of a generator of the present invention
that is designed and structured to meet requirements of a predefined load. As shown, generator
120 of the present invention is connected to a predefined load, where the predefined load is an
induction motor 130 which is used to drive a refrigeration unit 140. The generator 120 is driven
by an engine 110 that controls the speed of the engine generator set to provide a frequency
required by the predefined load. In one preferred embodiment of the present invention, the
engine 110 is a diesel engine. The generator 120 is designed and structured to meet the
requirements of a predefined load by relying at least in part on magnetic characteristics of steel
that is used in the generator without having to use stronger and/or thicker magnets that are cost
prohibitive.

[0036] Figure 2 illustrates a B-H curve associated with steel to be used in the generator to
meet requirements of the load, according to embodiments of the present invention. In some
embodiments, to maintain the output voltage of the generator above a transient required voltage
while starting the predefined load when at or above ambient temperature and to maintain the
output voltage of the generator below an voltage upper limit when running with no load current
at or below ambient temperatures, a grade type of steel is selected to construct the generator 120
such that the steel has (7) an apparent relative permeability below 500 for point 210 of Figure 2
and/or (if) an apparent relative permeability above 10 for point 220 of Figure 2. Relative
apparent permeability is defined as the ratio of flux density (B) to the applied magnetic field
strength (H). As shown, the region of delta B (AB) is defined as the difference between a
minimum flux density (B, ) (i.e., point 210 of Figure 2) of the steel required to meet the
transient voltage requirement while starting the predefined load when at or above ambient
temperature and a maximum flux density Point (B,,,) (i.e., point 220 of Figure 2) of the steel
required to stay within the maximum output voltage of the generator when running with no load
current at or below ambient temperatures.

[0037] As shown in Figure 2, a knee region of the B-H curve is a portion of the curve
where the relative apparent permeability starts to rapidly change out of saturation with
decreasing flux density (B). In the region of the B-H curve that is above the knee region, the steel

used in the generator is in a high degree of saturation. If the flux density (B) of the steel is at
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point 220 (B4, ) when the generator is running with no load at or below ambient temperatures,
then while starting the predefined load, current is drawn by the predefined load, thereby
potentially causing the point 210 (B,,;,) to drop below the knee region of the B-H curve and the
generated voltage may drop below the limit required to start the induction motor, which is not
desirable. Therefore, it is important for B,,;, to stay as high on the B-H curve as possible while
still having the By, not to cause a voltage to exceed the maximum voltage limit of the
generator. In other words, the region of delta B (AB) should be minimized, which is possible
when the B,,;,, is high on the knee region of the B-H curve, that is below a relative apparent
permeability limit. The highly saturated condition of the steel minimizes the change in flux
density (B) between the hot generator, transient loaded condition and the cold generator no load
current condition, thereby keeping the generator within the specified voltage limits. In some
embodiments, a grade type of steel is selected such that the relative apparent permeability of the
steel is below 500 and above 10 to meet the voltage requirements of the predefined load.

[0038] Figure 3A illustrates B-H curves of different grades of steel, according to an
embodiment of the present invention. As shown, the curve 310 illustrates the B-H curve for
M470-50A grade electrical steel and the curve 320 illustrates the B-H curve for M210-35A grade
electrical steel. As shown, the B, (i.e., point 314 associated with curve 310 and point 324
associated with curve 320) and B,,,;,,(i.€., point 312 associated with curve 310 and point 322
associated with curve 320) value for both the curves 310 and 320 is the same. Therefore, both
grade steels have the same delta B (AB) such that both grade steels will meet the voltage
requirements of the predefined load. However, the magnetic field strength (H) required to
achieve the B, and By, values in M210-35A grade electrical steel is higher than the M470-
SOA grade electrical steel. If the M210-35A grade electrical steel is selected for designing and
constructing the generator, a higher grade magnet or a longer magnet in the direction of
magnetization with higher field strength is required, thereby driving up the cost of the generator.
[0039] Figure 3B illustrates relative apparent permeability curves of different grades of
steel, according to an embodiment of the present invention. As shown, curve 330 is the relative
apparent permeability curve for M470-50A grade electrical steel, curve 340 is the relative
apparent permeability curve for M1000-65A grade electrical steel, and curve 350 is the relative
apparent permeability curve for M210-35A grade electrical steel. For a given magnetic

polarization, the relative apparent permeability curves of different grades of steel shown in
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Figure 3B meet the flux density requirements of the predefined load described in Figure 2. As
mentioned above, any of the different grades of steel shown in Figure 3B may be used in the
generator 120. Typically, higher grade electrical steels cost more and have lower losses when
compared with lower grade electrical steels that cost less. The M210-35A grade electrical steel
is a higher grade steel when compared with the M470-50A grade electrical steel and the M 1000-
65A grade electrical steel. As explained in Figure 3A, the amount of field strength (H) required
for the M210-35A grade electrical steel is higher than the M470-50A grade electrical steel to
achieve the required B, and B,,,;,values. Although a higher grade steel is desirable because of
lower losses, the cost of the higher grade steel and the additional magnet volume required by the
higher grade steel can be prohibitive. The overall cost of the generator is balanced based on
selection criteria explained in Figures 3A and 3B. In one preferred embodiment, M470-50A
grade electrical steel is used in the generator 120 of the present invention to meet the cost
requirements and the voltage requirements of the predefined load.

[0040] Figure 4 illustrates a cross sectional view of the generator 120, according to an
embodiment of the present invention. In some embodiments, the generator 120 is a three-phase
generator. The generator 120 that is designed and constructed to meet the predefined load
requirements, comprises at least a rotor assembly 500 and a stator 600. In some embodiments of
the present invention, the generator 120 is a permanent magnet generator, where the generator
120 comprise one or more permanent magnets. The generator 120 may be an ‘n’ pole generator,
where ‘n’ presents the number of poles. The number of poles ‘n’ are selected based on the
frequency requirements of the predefined load and/or the speed of the rotor 500.

[0041] In a preferred embodiment of the present invention, the permanent magnet
generator 120 is a four-pole generator comprising four sets of permanent magnets 510a, 510b,
510c, and 510d that are placed inside the rotor assembly 500. In some embodiments, the sets of
permanent magnets 510a, 510b, 510c, and 510d may be rare earth magnets. The sets of
permanent magnets 510a, 510b, 510¢, and 510d may be pre-magnetized magnets that create
persistent magnetic field with a predefined magnetic field intensity within the generator. The
sets of permanent magnets 510a, 510b, 510c, and 510d are selected in conjunction with the grade
type of steel selected for the generator.

[0042] Figure SA illustrates the rotor assembly 500 of the generator 120, according to an

embodiment of the present invention. In some embodiments, the rotor assembly 500 comprises
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one or more laminated sheets made from the preselected steel and sets of permanent magnets.
Figure 5B illustrates the rotor assembly 500 of the generator 120 connected to a shaft, according
to an embodiment of the present invention. The shaft 510 of the generator is connected to the
engine 110 of Figure 1 to drive the generator engine set to provide a frequency required by the
predefined load. The permanent magnets 510a, 510b, 510c¢, and 510d placed in the rotor produce
a rotating magnetic field within the generator 120 when connected to the shaft 510, where the
rotating magnetic field cuts the coils present in the stator 600.

[0043] Figure 6A illustrates a stator 600 of the generator, according to an embodiment of
the present invention. The stator 600 comprises a stator core 610 as illustrated in Figure 6B,
according to an embodiment of the present invention. The stator 600 comprises one or more
stator coils 630 placed in one or more stator slots 620 of the stator core 610. In some
embodiments, an optimum number of the one or more stator slots selected for the generator are
36 based on the generator size and inductance requirements associated with the predefined load.
In some embodiments, the number of the one or more stator slots selected for the generator 120
may be lower or higher than 36. However, increase in the number of the one or more stator slots
increases the losses of the generator for a given size of the generator. The stator core 630
comprises one or more laminated sheets made from the preselected steel. In some embodiments,
the outside diameter of the stator is between 253mm and 342mm. In a preferred embodiment, the
optimum outside diameter of the stator is 297.23mm. In some embodiments, the length of the
stator lamination stack is between 145mm and 196mm. In a preferred embodiment, the optimum
outside diameter of the stator lamination stack is 170.66mm. The relative apparent permeability
induced in the preselected steel of the generator is dependent on the outside diameter of the stator
500, the length of the stator 500, the magnetic field produced by the permanent magnets 510a,
510b, 510c¢, and 510d and series turns per phase of the generator.

[0044] The generator 120 does not comprise any control or regulating mechanism to
control the output of the generator, which reduces the overall size and cost of the generator 120.
Instead, the generator 120 is designed such that the output voltage produced by the generator 120
meets the voltage requirements of the predefined load based on the magnetic field produced by
the permanent magnets 510a, 510b, 510c, and 510d, magnetic characteristics of the preselected

steel, the internal temperature of the generator which is in turn dependent on the ambient
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temperature, demagnetizing field resulting from the current drawn by the predefined load, size of
the generator, number of series turns per phase in the generator, and inductance of the generator.
[0045] The magnetic field produced by the preselected permanent magnets 510a, 510b,
510¢, and 510d of a predefined field strength causes the preselected steel to reach a level of
saturation beyond the knee of the B-H curve. Once the level of saturation beyond the knee of the
B-H curve is reached, even a significant change in the magnetic field strength does not cause a
lot of change in the flux density of the preselected steel, thereby causing a very small change in
the output voltage of the generator 120. After the preselected steel reaches the saturation region
that is above the knee of the B-H curve, the demagnetizing field from the current drawn by the
predefined load and the internal temperature of the generator 120 control the output voltage of
the generator 120 to meet the voltage requirements of producing an output voltage that is above a
transient required voltage to start the predefined load when at or above ambient temperature and
to maintain the output voltage below a voltage upper limit when running with no load current at
or below ambient temperatures.

[0046] Additionally, the size of the generator and the type of permanent magnets are
interdependent on each other which have an effect on the output voltage of the generator. If the
size of the generator selected is large, the amount of magnetic flux passing through the steel (i.e.,
flux density (B)) of the generator is greater, thereby not requiring a magnet with higher field
strength (H). In some embodiments, the size of the generator 1s based on the application
associated with the generator. For example, the size of the generator to be used in a truck may
vary from that of a generator designed for a small trailer. In addition to this interdependency,
inductance of the generator is interdependent on the number of series turns per phase of the
generator. If the number of series turns per phase used in the generator is higher, the inductance
of the generator is high and vice versa. The number of series turns per phase are selected such
that the inductance of the generator is not too high, since higher inductance lowers the total
magnetic flux within the magnetic circuit of the generator because of the demagnetizing field
from the current drawn by the predefined load.

[0047] Selection of the grade type of the steel, a number of the plurality of stator slots,
outside diameter of stator lamination to meet the voltage requirements of the load, length of the
stator lamination stack to meet the voltage requirements of the load, a number of the plurality of

permanent magnets for placing within the rotor, magnetic polarization associated with the
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plurality of permanent magnets, size of the generator, number of series turns per phase of the
generator, and inductance of the generator have an effect on the output voltage of the generator.
One or more of these selections are based on the requirements (e.g., voltage requirements, size
requirements, cost requirements, efficiency requirements, power requirements, or the like) of the
predefined load. As explained above, one or more of these selections may be interdependent on
each other which drive the overall cost, size, and output of the generator.

[0048] Although the present invention discloses a generator that serves a refrigeration
unit in a truck, tractor, trailer, semi-trailer, or the like, it should be understood that the generator
described herein may be applicable for any loads that have similar voltage requirements at
specific temperatures, cost requirements, size requirements, and/or efficiency requirements.
[0049] Figure 7 illustrates a configuration of the generator of Figure 1, according to an
embodiment of the present invention. In a first preferred embodiment of the present invention,
the generator 120 comprises a stator 600 comprising at least a stator core 610 with a plurality of
stator slots and a plurality of stator coils. The stator core 610 comprises stator lamination stack
that is made of steel. In the first preferred embodiment of the present invention, the generator
120 comprises a rotor further comprising (i) a rotor core, where the rotor core comprises a rotor
lamination stack made of the steel, and (ii)a plurality of permanent magnets 510 for establishing
a rotating magnetic field within the generator 120. The generator 120 according to the first
preferred embodiment of the present invention is structured to meet a hot generator, high current,
transient loaded minimum voltage working point requirement by maintaining relative apparent
permeability of the steel below a first limit and to meet a cold generator, no load current working
point, maximum voltage limit requirement.

[0050] Figure 8 illustrates a configuration of the generator of Figure 1, according to an
embodiment of the present invention. In a second preferred embodiment of the present invention,
the generator 120 comprises a generator magnetic circuit 800, where the generator magnetic
circuit comprises at least in part a preselected steel. The generator 120 according to the second
preferred embodiment of the present invention is structured to meet a hot generator, high current,
transient loaded minimum voltage working point requirement by maintaining relative apparent
permeability of the steel below a first limit and to meet a cold generator, no load current working

point, maximum voltage limit requirement.
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[0051] Figure 9 illustrates a process flow 900 of constructing the generator of Figure 1,
according to an embodiment of the present invention. As shown in block 910 of the process flow
900, the method of constructing the generator comprises providing a stator comprising at least a
stator core with a plurality of stator slots and a plurality of stator coils, wherein the stator core
comprises a stator lamination stack made of steel. As shown in block 920 of the process flow
900, the method of constructing the generator comprises providing a rotor comprising (i) a rotor
core, where the rotor core comprises a rotor lamination stack made of the steel, and (ii) a
plurality of permanent magnets for establishing a rotating magnetic field within the generator.
The generator constructed based on the process flow 900 meets a hot generator, high current,
transient loaded minimum voltage working point requirement by maintaining relative apparent
permeability of the steel below a first limit and meets a cold generator, no load current working
point, maximum voltage limit requirement.

[0052] Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the
appended claims. Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation. In addition, where possible, any terms
expressed in the singular form herein are meant to also include the plural form and/or vice versa.
As used herein, “at least one” shall mean “one or more” and these phrases are intended to be
interchangeable. Accordingly, the terms “a” and/or “an” shall mean “at least one” or “one or

more,” even though the phrase “one or more” or “at least one” is also used herein.
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WHAT IS CLAIMED IS:

1. A generator for connecting to a load, the generator comprising;

a stator comprising at least a plurality of stator coils and a stator core with a

plurality of stator slots, wherein the stator core comprises a stator lamination stack made of steel;

a rotor comprising;

a rotor core comprising a rotor lamination stack made of the steel; and

a plurality of permanent magnets for establishing a rotating magnetic field within
the generator;

wherein the generator is structured to:

meet a hot generator, high current, transient loaded minimum voltage working
point requirement by maintaining relative apparent permeability of the steel below a first
limit; and

meet a cold generator, no load current working point, maximum voltage limit

requirement.

2. The generator of claim 1, wherein the generator is structured to meet the cold
generator, no load current working point, maximum voltage limit requirement by maintaining the

relative apparent permeability above a second limit.

3. The generator of claim 2, wherein the first limit is 500 and the second limit is 10.

4. The generator of claim 1, wherein the output voltage of the generator is dependent
on, at least in part, the relative apparent permeability of the steel, wherein the relative apparent
permeability of the steel at the hot generator, high current, transient loaded minimum voltage
working point requirement and the cold generator, no load current working point, maximum
voltage point limit requirement is dependent on at least one selected from the group comprising
(7) a grade type of the steel (7)) magnetic polarization of the plurality of magnets,

(iii) temperature of the generator, (iv) current drawn by the load, (v) size of the generator, (vi)

number of series turns of the generator and (vi) inductance of the generator.
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5. The generator of claim 1, wherein the plurality of stator slots is 36 and the
plurality of permanent magnets are 4.

6. The generator of claim 1, wherein an outside diameter of the stator is between
253mm and 342mm.

7. The generator of claim 1, wherein a length of the stator lamination stack of the
stator is between 145mm and 196mm.

8. The generator of claim 1, wherein the generator is connected to an induction

motor load that drives a refrigeration unit to maintain a temperature at or below 6 degree Celsius.

9. A generator for connecting to a predefined load, the generator comprising:
a generator magnetic circuit, wherein the generator magnetic circuit comprises at
least in part a steel that is preselected,
wherein the generator is structured to:
meet a hot generator, high current, transient loaded, minimum voltage point

requirement by maintaining relative apparent permeability of the steel below a first limit;

and

meet a cold generator, no load current, working point maximum voltage limit
requirement.
10.  The generator of claim 9, wherein the generator magnetic circuit further

comprises a stator comprising at least a plurality of stator coils and a stator core with a plurality

of stator slots, wherein the stator core comprises a stator lamination stack made of steel.

11.  The generator of claim 10, wherein outside diameter of the stator is between

253mm and 342mm.

12.  The generator of claim 10, wherein length of stator lamination stack is between
145mm and 196mm.



WO 2022/099036 PCT/US2021/058289

16
13.  The generator of claim 10, wherein the plurality of stator slots is 36.
14.  The generator of claim 9, wherein the generator magnetic circuit further

comprises a rotor comprising (i) a rotor core comprising a rotor lamination stack made of the
steel and (7i) a plurality of permanent magnets for establishing a rotating magnetic field within

the generator, where a core of the rotor is made of the steel.

15. The generator of claim 14, wherein the output voltage of the generator is
dependent on, at least in part, the relative apparent permeability of the steel, wherein the relative
apparent permeability of the steel is dependent at least one selected from the group comprising
(7) a grade type of the steel, (i7) magnetic polarization of the plurality of magnets,

(7ii) temperature of the generator, (iv) current drawn by the load, (v) size of the generator, (vi)

number of series turns of the generator and (vi) inductance of the generator.

16.  The generator of claim 14, wherein the plurality of permanent magnets is 4.

17. The generator of claim 9, wherein the first limit is 500.

18. A permanent magnet generator for a preselected load, wherein the permanent
magnet generator comprises a generator magnetic circuit, wherein the generator magnetic circuit
comprises, at least in part, a steel that is preselected,

wherein the permanent magnet generator is structured to:

meet a hot generator, high current, transient loaded, minimum voltage point
requirement by maintaining relative apparent permeability of the steel below a first limit;
and

meet a cold generator, no load current, working point maximum voltage limit

requirement.
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19. A method of constructing a generator for connecting to a load, wherein the
method comprises:
providing a stator comprising at least a plurality of stator coils and a stator core
with a plurality of stator slots, wherein the stator core comprises a stator lamination stack made
of steel;
providing a rotor comprising:
a rotor core comprising a rotor lamination stack made of the steel; and
a plurality of permanent magnets for establishing a rotating magnetic field within
the generator;
wherein the generator is structured to:
meet a hot generator, high current, transient loaded, minimum voltage point
requirement and by maintaining relative apparent permeability of the steel below a first
limit; and
meet a cold generator, no load current, working point maximum voltage limit

requirement.
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20. The method of claim 19, further comprising:
(1) wherein the step of providing a stator comprises:
selecting a grade type of the steel, with a saturation flux density for the stator
lamination stack of the stator to meet voltage requirements of the load,
selecting a number of the plurality of stator slots to meet the voltage requirements
of the load;
selecting an outside diameter of stator lamination to meet the voltage
requirements of the load; and
selecting a length of the stator lamination stack to meet the voltage requirements
of the load;
(i)  wherein the step of providing a rotor comprises:
selecting a number of the plurality of permanent magnets for placing within the
rotor to meet a frequency requirement of the load; and
selecting magnetic polarization for the plurality of permanent magnets to provide
the rotating magnetic field within the generator to meet a voltage requirement of the load,;
and selecting size of the generator;
(ii1)  wherein the method further comprises:
selecting number of series turns per phase of the generator; and
selecting an inductance of the generator; and
(iv)  wherein the output of the generator is regulated by at least one selected from the
group comprising (a) the saturation flux density of the grade type of the steel, (b) the number of
the plurality of slots, (c) the outside diameter of the stator lamination, (d) the length of the stator
lamination stack, (e) the magnetic polarization of the permanent magnets, (f) temperature of the
generator, (g) current drawn by the load, (h) the size of the generator, (i) the number of series

turns per phase of the generator, and (j) the inductance of the generator.

21. The method of claim 20, wherein the number of the plurality of slots is 36.

22, The method of claim 20, wherein the number of the permanent magnets is 4.
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23. The method of claim 20, wherein the outside diameter of the stator is between
253mm and 342mm.
24, The method of claim 20, wherein the length of the stator lamination stack is

between 145mm and 196mm.

25. The method of claim 20, wherein the first limit is 500,

26. The method of claim 19, wherein the load is an induction motor that drives a

refrigeration unit to maintain a temperature at or below 6 degree Celsius.
27. The method of claim 19, wherein the generator is structured to meet the cold
generator, no load current working point, maximum voltage limit requirement by maintaining the

relative apparent permeability above a second limit.

28. The method of claim 27, wherein the second limit is 10.



