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TRANSVERSE AND/OR COMMUTATED 
FLUX SYSTEM STATOR CONCEPTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
12/942,495 ?led on Nov. 9, 2010, now US. Patent Applica 
tion Publication No. 201 1/0050010 entitled“TRANSVERSE 
AND/OR COMMUTATED FLUX SYSTEM STATOR 
CONCEPTS”. 
[0002] US. Ser. No. 12/942,495 is a divisional ofU.S. Ser. 
No. 12/611,728 ?led on Nov. 3, 2009, now US. Pat. No. 
7,851,965 entitled “TRANSVERSE AND/OR COMMU 
TATED FLUX SYSTEM STATOR CONCEPTS”. 
[0003] US. Ser. No. 12/611,728 is a non-provisional of 
US. Provisional No. 61/110,874 ?led on Nov. 3, 2008 and 
entitled “ELECTRICAL OUTPUT GENERATING AND 
DRIVEN ELECTRICAL DEVICES USING COMMU 
TATED FLUX AND METHODS OF MAKING AND USE 
THEREOF INCLUDING DEVICES WITH TRUNCATED 
STATOR PORTIONS.” 
[0004] US. Ser. No. 12/611,728 is also a non-provisional 
ofU.S. Provisional No. 61/110,879 ?led on Nov. 3, 2008 and 
entitled “ELECTRICAL OUTPUT GENERATING AND 
DRIVEN ELECTRICAL DEVICES USING COMMU 
TATED FLUX AND METHODS OF MAKING AND USE 
THEREOF.” 
[0005] US. Ser. No. 12/611,728 is also a non-provisional 
ofU.S. Provisional No. 61/110,884 ?led on Nov. 3, 2008 and 
entitled “METHODS OF MACHINING AND USING 
AMORPHOUS METALS OR OTHER MAGNETICALLY 
CONDUCTIVE MATERIALS INCLUDING TAPE 
WOUND TORROID MATERIAL FOR VARIOUS ELEC 
TROMAGNETIC APPLICATIONS.” 
[0006] US. Ser. No. 12/611,728 is also a non-provisional 
ofU.S. Provisional No. 61/110,889 ?led on Nov. 3, 2008 and 
entitled “MULTI-PHASE ELECTRICAL OUTPUT GEN 
ERATING AND DRIVEN ELECTRICAL DEVICES WITH 
TAPE WOUND CORE LAMINATE ROTOR OR STATOR 
ELEMENTS, AND METHODS OF MAKING AND USE 
THEREOF.” 
[0007] US. Ser. No. 12/611,728 is also a non-provisional 
of US. Provisional No. 61/114,881 ?led on Nov. 14, 2008 
and entitled “ELECTRICAL OUTPUT GENERATING 
AND DRIVEN ELECTRICAL DEVICES USING COM 
MUTATED FLUX AND METHODS OF MAKING AND 
USE THEREOF.” 
[0008] US. Ser. No. 12/611,728 is also a non-provisional 
ofU.S. Provisional No. 61/168,447 ?led onApr. 10, 2009 and 
entitled “MULTI-PHASE ELECTRICAL OUTPUT GEN 
ERATING AND DRIVEN ELECTRICAL DEVICES, AND 
METHODS OF MAKING AND USING THE SAME.” The 
entire contents of all of the foregoing applications are hereby 
incorporated by reference. 

TECHNICAL FIELD 

[0009] The present disclosure relates to electrical systems, 
and in particular to transverse ?ux machines and commutated 
?ux machines. 

BACKGROUND 

[0010] Motors and altemators are typically designed for 
high e?iciency, high poWer density, and loW cost. High poWer 
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density in a motor or alternator may be achieved by operating 
at high rotational speed and therefore high electrical fre 
quency. HoWever, many applications require loWer rotational 
speeds. A common solution to this is to use a gear reduction. 
Gear reduction reduces ef?ciency, adds complexity, adds 
Weight, and adds space requirements. Additionally, gear 
reduction increases system costs and increases mechanical 
failure rates. 
[0011] Additionally, if a high rotational speed is not 
desired, and gear reduction is undesirable, then a motor or 
alternator typically must have a large number of poles to 
provide a higher electrical frequency at a loWer rotational 
speed. HoWever, there is often a practical limit to the number 
of poles a particular motor or alternator can have, for example 
due to space limitations. Once the practical limit is reached, in 
order to achieve a desired poWer level the motor or alternator 
must be relatively large, and thus have a corresponding loWer 
poWer density. 
[0012] Moreover, existing multipole Windings for altema 
tors and electric motors typically require Winding geometry 
and often complex Winding machines in order to meet siZe 
and/or poWer needs. As the number of poles increases, the 
Winding problem is typically made Worse. Additionally, as 
pole count increases, coil losses also increase (for example, 
due to resistive effects in the copper Wire or other material 
comprising the coil). HoWever, greater numbers of poles have 
certain advantages, for example alloWing a higher voltage 
constant per turn, providing higher torque density, and pro 
ducing voltage at a higher frequency. 
[0013] Most commonly, electric motors are of a radial ?ux 
type. To a far lesser extent, some electric motors are imple 
mented as transverse ?ux machines and/ or commutated ?ux 
machines. It is desirable to develop improved electric motor 
and/or alternator performance and/ or con?gurability. In par 
ticular, improved transverse ?ux machines and/or commu 
tated ?ux machines are desirable. 

SUMMARY 

[0014] This disclosure relates to transverse and/or commu 
tated ?ux machines. In an exemplary embodiment, an elec 
trical machine comprises a partial stator assembly comprising 
a ?ux concentrator, a ?rst magnet connected to a ?rst side of 
the ?ux concentrator, and a second magnet connected to a 
second side of the ?ux concentrator opposite the ?rst side. 
The ?rst magnet and the second magnet are magnetically 
oriented such that a common magnetic pole is present on the 
?rst and second sides of the ?ux concentrator. The electrical 
machine further comprises a conductive coil at least partially 
enclosed by the partial stator assembly. The conductive coil is 
con?gured With a single Winding con?guration, and the elec 
trical machine is at least one of a transverse ?ux machine or a 
commutated ?ux machine. 
[0015] In another exemplary embodiment, a method of 
manufacturing an electrical machine comprises coupling a 
conductive coil to a partial stator assembly in a single Winding 
con?guration, and coupling a rotor to the partial stator assem 
bly. The electrical machine is at least one of a transverse ?ux 
machine or a commutated ?ux machine. 

[0016] In another exemplary embodiment, a method for 
generating electricity comprises coupling an electrical 
machine to a load. The electrical machine comprises a partial 
stator assembly, a conductive coil con?gured With a single 
Winding con?guration, and a rotor coupled to the partial stator 
assembly. The electrical machine is at least one of a transverse 
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?ux machine or a commutated ?ux machine. The method 
further comprises rotating the rotor to induce a voltage in the 
conductive coil. 
[0017] The contents of this summary section are provided 
only as a simpli?ed introduction to the disclosure, and are not 
intended to be used to limit the scope of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] With reference to the following description, 
appended claims, and accompanying draWings: 
[0019] FIG. 1A illustrates an exemplary transverse ?ux 
machine in accordance With an exemplary embodiment; 
[0020] FIG. 1B illustrates an exemplary commutated ?ux 
machine in accordance With an exemplary embodiment; 
[0021] FIG. 2A illustrates an exemplary axial gap con?gu 
ration in accordance With an exemplary embodiment; 
[0022] FIG. 2B illustrates an exemplary radial gap con?gu 
ration in accordance With an exemplary embodiment; 
[0023] FIG. 3A illustrates an exemplary cavity engaged 
con?guration in accordance With an exemplary embodiment; 
[0024] FIG. 3B illustrates an exemplary face engaged con 
?guration in accordance With an exemplary embodiment; 
[0025] FIG. 3C illustrates an exemplary face engaged axial 
gap con?guration in accordance With an exemplary embodi 
ment; 
[0026] FIG. 4 illustrates various motor performance curves 
in accordance With an exemplary embodiment; 
[0027] FIG. 5 illustrates, in a cut-aWay vieW, an exemplary 
transverse ?ux machine con?gured for use in a vehicle in 
accordance With an exemplary embodiment; 
[0028] FIG. 6 illustrates a side perspective vieW of an exem 
plary commutated ?ux machine section in accordance With an 
exemplary embodiment; 
[0029] FIG. 7 illustrates a perspective vieW of an exemplary 
gapped stator coupled With an exemplary rotor and coil in 
accordance With an exemplary embodiment; 
[0030] FIGS. 8A-8C illustrate exemplary partial stators 
coupled to a rotor in accordance With an exemplary embodi 

ment; 
[0031] FIGS. 9A-9C illustrate exemplary partial stators and 
truncated coils coupled to an exemplary electronics board in 
accordance With an exemplary embodiment; and 
[0032] FIGS. 10A-10B illustrate an exemplary ?oating sta 
tor in accordance With an exemplary embodiment. 

DETAILED DESCRIPTION 

[0033] While exemplary embodiments are described herein 
in suf?cient detail to enable those skilled in the art to practice 
the invention, it should be understood that other embodiments 
may be realiZed and that logical electrical, magnetic, and/or 
mechanical changes may be made Without departing from the 
spirit and scope of the present disclosure. Thus, the folloWing 
descriptions are not intended as a limitation on the use or 

applicability of the present disclosure, but instead, are pro 
vided merely to enable a full and complete description of 
exemplary embodiments. 
[0034] For the sake of brevity, conventional techniques for 
electrical system construction, management, operation, mea 
surement, optimiZation, and/or control, as Well as conven 
tional techniques for magnetic ?ux utiliZation, concentration, 
control, and/or management, may not be described in detail 
herein. Furthermore, the connecting lines shoWn in various 
?gures contained herein are intended to represent exemplary 
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functional relationships and/or physical couplings betWeen 
various elements. It should be noted that many alternative or 
additional functional relationships or physical connections 
may be present in a practical electrical system, for example an 
AC synchronous electric motor. 
[0035] Prior electric motors, for example conventional DC 
brushless motors, suffer from various de?ciencies. For 
example, many electric motors are inef?cient at various rota 
tional speeds and/or loads, for example loW rotational speeds. 
Thus, the motor is typically operated Within a narroW RPM 
range and/or load range of suitable e?iciency. In these con 
?gurations, gears or other mechanical approaches may be 
required in order to obtain useful Work from the motor. 
[0036] Moreover, many electric motors have a loW pole 
count. Because poWer is a function of torque and RPM, such 
motors must often be operated at a high physical RPM in 
order to achieve a desired poWer density and/or electrical 
frequency. Moreover, a higher poWer density (for example, a 
higher kilowatt output per kilogram of active electrical and 
magnetic motor mass) optionally is achieved by operating the 
motor at high rotational speed and therefore high electrical 
frequency. HoWever, high electrical frequency can result in 
high core losses and hence loWer ef?ciency. Moreover, high 
electrical frequency can result in increased cost, increased 
mechanical complexity, and/or decreased reliability. Addi 
tionally, high electrical frequency and associated losses cre 
ate heat that may require active cooling, and can limit the 
operational range of the motor. Heat can also degrade the life 
and reliability of a high frequency machine. 
[0037] Still other electric motors contain large volumes of 
copper Wire or other coil material. Due to the length of the coil 
Windings, resistive effects in the coil lead to coil losses. For 
example, such losses convert a portion of electrical energy 
into heat, reducing e?iciency and potentially leading to ther 
mal damage to and/or functional destruction of the motor. 

[0038] Moreover, many prior electric motors offered loW 
torque densities. As used herein, “torque density” refers to 
NeWton-meters produced per kilogram of active electrical 
and magnetic materials. For example, many prior electric 
motors are con?gured With a torque density from about 0.5 
NeWton-meters per kilogram to about 3 NeWton-meters per 
kilogram. Thus, a certain electric motor With a torque density 
of 1 NeWton-meter per kilogram providing, for example, 10 
total NeWton-meters of torque may be quite heavy, for 
example in excess of 10 kilograms of active electrical and 
magnetic materials. Similarly, another electric motor With a 
torque density of 2 NeWton-meters per kilogram providing, 
for example, 100 total NeWton-meters of torque may also be 
quite heavy, for example in excess of 50 kilograms of active 
electrical and magnetic materials. As can be appreciated, the 
total Weight of these electric motors, for example including 
Weight of frame components, housings, and the like, may be 
signi?cantly higher. Moreover, such prior electric motors are 
often quite bulky as a result of the large motor mass. Often, a 
motor of suf?cient torque and/ or poWer for a particular appli 
cation is dif?cult or even impossible to ?t in the available area. 

[0039] Even prior transverse ?ux machines have been 
unable to overcome these di?iculties. For example, prior 
transverse ?ux machines have suffered from signi?cant ?ux 
leakage. Still others have offered torque densities of only a 
feW NeWton-meters per kilogram of active electrical and 
magnetic materials. Moreover, various prior transverse ?ux 
machines have been e?iciently operable only Within a com 
paratively narroW RPM and/or load range. Additionally, 
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using prior transverse ?ux machines to generate substantial 
output power often required spinning relatively massive and 
complicated components (i.e., those involving permanent 
magnets and/ or relatively exotic, dense and/ or expensive ?ux 
concentrating or conducting materials) at high rates of speed. 
Such high-speed operation requires additional expensive and/ 
or complicated components for support and/or system reli 
ability. Moreover, many prior transverse ?ux machines are 
comparatively expensive and/or dif?cult to manufacture, lim 
iting their viability. 
[0040] In contrast, various of these problems can be solved 
by utiliZing transverse ?ux machines con?gured in accor 
dance With principles of the present disclosure. As used 
herein, a “transverse ?ux machine” and/or “commutated ?ux 
machine” may be any electrical machine Wherein magnetic 
?ux paths have sections Where the ?ux is generally transverse 
to a rotational plane of the machine. In an exemplary embodi 
ment, When a magnet and/or ?ux concentrating components 
are on a rotor and/or are moved as the machine operates, the 

electrical machine may be a pure “transverse” ?ux machine. 
In another exemplary embodiment, When a magnet and/ or 
?ux concentrating components are on a stator and/or are held 
stationary as the machine operates, the electrical machine 
may be a pure “commutated” ?ux machine. As is readily 
apparent, in certain con?gurations a “transverse ?ux 
machine” may be considered to be a “commutated ?ux 
machine” by ?xing the rotor and moving the stator, and vice 
versa. Moreover, a coil may be ?xed to a stator; alternatively, 
a coil may be ?xed to a rotor. 

[0041] Moreover, there is a spectrum of functionality and 
device designs bridging the gap betWeen a commutated ?ux 
machine and a transverse ?ux machine. Certain designs may 
rightly fall betWeen these tWo categories, or be considered to 
belong to both simultaneously. Therefore, as Will be apparent 
to one skilled in the art, in this disclosure a reference to a 
“transverse ?ux machine” may be equally applicable to a 
“commutated ?ux machine” and vice versa. 

[0042] Moreover, transverse ?ux machines and/or commu 
tated ?ux machines may be con?gured in multiple Ways. For 
example, With reference to FIG. 2A, a commutated ?ux 
machine may be con?gured With a stator 210 generally 
aligned With the rotational plane of a rotor 250. Such a con 
?guration is referred to herein as “axial gap.” In another 
con?guration, With reference to FIG. 2B, a commutated ?ux 
machine may be con?gured With stator 210 rotated about 90 
degrees With respect to the rotational plane of rotor 250. Such 
a con?guration is referred to herein as “radial gap.” 

[0043] With reference noW to FIG. 3A, a ?ux sWitch 352 in 
a commutated ?ux machine may engage a stator 310 by 
extending at least partially into a cavity de?ned by stator 310. 
Such a con?guration is referred to herein as “cavity engaged.” 
Turning to FIG. 3B, ?ux sWitch 352 in a commutated ?ux 
machine may engage stator 310 by closely approaching tWo 
terminal faces of stator 310. Such a con?guration is referred 
to herein as “face engaged.” Similar engagement approaches 
may be folloWed in transverse ?ux machines and are referred 
to in a similar manner. 

[0044] In general, a transverse ?ux machine and/or com 
mutated ?ux machine comprises a rotor, a stator, and a coil. A 
?ux sWitch may be located on the stator or the rotor. As used 
herein, a “?ux sWitch” may be any component, mechanism, 
or device con?gured to open and/or close a magnetic circuit. 
(i.e., a portion Where the permeability is signi?cantly higher 
than air). A magnet may be located on the stator or the rotor. 
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A coil is at least partially enclosed by the stator or the rotor. 
Optionally, ?ux concentrating portions may be included on 
the stator and/ or the rotor. With momentary reference noW to 
FIG. 1A, an exemplary transverse ?ux machine 100A may 
comprise a rotor 150A, a stator 110A, and a coil 120A. In this 
exemplary embodiment, a magnet may be located on rotor 
150A. With momentary reference noW to FIG. 1B, an exem 
plary commutated ?ux machine 100B may comprise a rotor 
150B, a stator 110B, and a coil 120B. In this exemplary 
embodiment, a magnet may be located on stator 110B. 

[0045] Moreover, a transverse ?ux machine and/ or commu 
tated ?ux machine may be con?gured With any suitable com 
ponents, structures, and/or elements in order to provide 
desired electrical, magnetic, and/or physical properties. For 
example, a commutated ?ux machine having a continuous, 
thermally stable torque density in excess of 50 NeWton 
meters per kilogram may be achieved by utiliZing a polyphase 
con?guration. As used herein, “continuous, thermally stable 
torque density” refers to a torque density maintainable by a 
motor, Without active cooling, during continuous operation 
over a period of one hour or more. Moreover, in general, a 
continuous, thermally stable torque density may be consid 
ered to be a torque density maintainable by a motor for an 
extended duration of continuous operation, for example one 
hour or more, Without thermal performance degradation and/ 
or damage. 

[0046] Moreover, a transverse ?ux machine and/ or commu 
tated ?ux machine may be con?gured to achieve loW core 
losses. By utilizing materials having high magnetic perme 
ability, loW coercivity, loW hysteresis losses, loW eddy current 
losses, and/or high electrical resistance, core losses may be 
reduced. For example, silicon steel, poWdered metals, plated 
poWdered metals, soft magnetic composites, amorphous met 
als, nanocrystalline composites, and/or the like may be uti 
liZed in rotors, stators, sWitches, and/ or other ?ux conducting 
components of a transverse ?ux machine and/ or commutated 
?ux machine. Eddy currents, ?ux leakage, and other undesir 
able properties may thus be reduced. 
[0047] A transverse ?ux machine and/or commutated ?ux 
machine may also be con?gured to achieve loW core losses by 
varying the level of saturation in a ?ux conductor, such as in 
an alternating manner. For example, a ?ux conducting ele 
ment in a stator may be con?gured such that a ?rst portion of 
the ?ux conducting element saturates at a ?rst time during 
operation of the stator. Similarly, a second portion of the same 
?ux conducting element saturates at a second time during 
operation of the stator. In this manner, portions of the ?ux 
conducting element have a level of magnetic ?ux density 
signi?cantly beloW the saturation induction from time to 
time, reducing core loss. For example, signi?cant portions of 
the ?ux conducting element may have a level of ?ux density 
less than 25% of the saturation induction Within the 50% of 
the time of its magnetic cycle. Moreover, any suitable ?ux 
density variations may be utiliZed. 
[0048] Furthermore, a transverse ?ux machine and/ or com 
mutated ?ux machine may be con?gured to achieve loW coil 
losses. For example, in contrast to a conventional electric 
motor utiliZing a mass of copper C in one or more coils in 
order to achieve a desired output poWer P, a particular trans 
verse ?ux machine and/or commutated ?ux machine may 
utiliZe only a small amount of copper C (for example, one 
tenth as much copper C) While achieving the same output 
poWer P. Additionally, a transverse ?ux machine and/ or com 
mutated ?ux machine may be con?gured to utiliZe coil mate 
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rial in an improved manner (for example, by reducing and/or 
eliminating “end turns” in the coil). In this manner, resistive 
losses, eddy current losses, thermal losses, and/or other coil 
losses associated With a given coil mass C may be reduced. 
Moreover, Within a transverse ?ux machine and/ or commu 

tated ?ux machine, a coil may be con?gured, shaped, ori 
ented, aligned, manufactured, and/ or otherWise con?gured to 
further reduce losses for a given coil mass C. 

[0049] Additionally, in accordance With principles of the 
present disclosure, a transverse ?ux machine and/or commu 
tated ?ux machine may be con?gured to achieve a higher 
voltage constant. In this manner, the number of turns in the 
machine may be reduced, in connection With a higher fre 
quency. A corresponding reduction in coil mass and/or the 
number of turns in the coil may thus be achieved. 

[0050] Yet further, in accordance With principles of the 
present disclosure, a transverse ?ux machine and/or commu 
tated ?ux machine may be con?gured to achieve a high ?ux 
sWitching frequency, for example a ?ux sWitching frequency 
in excess of 1000 HZ. Because ?ux is sWitched at a high 
frequency, torque density may be increased. 
[0051] With reference noW to FIG. 4, a typical conventional 
electric motor ef?ciency curve 402 for a particular torque is 
illustrated. Revolutions per minute (RPM) is illustrated on the 
X axis, and motor e?iciency is illustrated on the Y axis. As 
illustrated, a conventional electric motor typically operates at 
a comparatively loW ef?ciency at loW RPM. For this conven 
tional motor, ef?ciency increases and then peaks at a particu 
lar RPM, and eventually falls off as RPM increases further. As 
a result, many conventional electric motors are often desir 
ably operated Within an RPM range near peak e?iciency. For 
example, one particular prior art electric motor may have a 
maximum ef?ciency of about 90% at about 3000 RPM, but 
the ef?ciency falls off dramatically at RPMs that are not much 
higher or loWer. 

[0052] Gearboxes, transmissions, and other mechanical 
mechanisms are often coupled to an electric motor to achieve 
a desired output RPM or other output condition. HoWever, 
such mechanical components are often costly, bulky, heavy, 
and/or impose additional energy losses, for example fric 
tional losses. Such mechanical components can reduce the 
overall ef?ciency of the motor/transmission system. For 
example, an electric motor operating at about 90% e?iciency 
coupled to a gearbox operating at about 70% e?iciency 
results in a motor/ gearbox system having an overall e?iciency 
of about 63%. Moreover, a gearbox may be larger and/or 
Weigh more or cost more than the conventional electric motor 
itself. Gearboxes also reduce the overall reliability of the 
system. 
[0053] In contrast, With continuing reference to FIG. 4 and 
in accordance With principles of the present disclosure, a 
transverse and/ or commutated ?ux machine ef?ciency curve 
404 for a particular torque is illustrated. In accordance With 
principles of the present disclosure, a transverse and/or com 
mutated ?ux machine may rapidly reach a desirable e?i 
ciency level (for example, 80% ef?ciency or higher) at an 
RPM loWer than that of a conventional electric motor. More 
over, the transverse and/or commutated ?ux machine may 
maintain a desirable ef?ciency level across a larger RPM 
range than that of a conventional electric motor. Additionally, 
the ef?ciency of the transverse and/or commutated ?ux 
machine may fall off more sloWly past peak ef?ciency RPM 
as compared to a conventional electric motor. 

Nov. 10, 2011 

[0054] Furthermore, in accordance With principles of the 
present disclosure, a transverse and/or commutated ?ux 
machine may achieve a torque density higher than that of a 
conventional electric motor. For example, in an exemplary 
embodiment a transverse and/or commutated ?ux machine 
may achieve a continuous, thermally stable torque density in 
excess of 100 NeWton-meters per kilogram. 
[0055] Thus, in accordance With principles of the present 
disclosure, a transverse and/ or commutated ?ux machine may 
desirably be employed in various applications. For example, 
in an automotive application, a transverse and/ or commutated 
?ux machine may be utiliZed as a Wheel hub motor, as a direct 
driveline motor, and/or the like. Moreover, in an exemplary 
embodiment having a suf?ciently Wide operational RPM 
range, particularly at loWer RPMs, a transverse and/or com 
mutated ?ux machine may be utiliZed in an automotive appli 
cation Without need for a transmission, gearbox, and/or simi 
lar mechanical components. 
[0056] An exemplary electric or hybrid vehicle embodi 
ment comprises a transverse ?ux motor for driving a Wheel of 
the vehicle, Wherein the vehicle does not comprise a trans 
mission, gearbox, and/or similar mechanical component(s). 
In this exemplary embodiment, the electric or hybrid vehicle 
is signi?cantly lighter than a similar vehicle that comprises a 
transmission-like mechanical component. The reduced 
Weight may facilitate an extended driving range as compared 
to a similar vehicle With a transmission like mechanical com 
ponent. Alternatively, Weight saved by elimination of the 
gearbox alloWs for utiliZation of additional batteries for 
extended range. Moreover, Weight saved by elimination of the 
gearbox alloWs for additional structural material for 
improved occupant safety. In general, a commutated ?ux 
machine having a broad RPM range of suitable ef?ciency 
may desirably be utiliZed in a variety of applications Where a 
direct-drive con?guration is advantageous. For example, a 
commutated ?ux machine having an ef?ciency greater than 
80% over an RPM range from only a feW RPMs to about 2000 
RPMs may be desirably employed in an automobile. 
[0057] Moreover, the exemplary transmissionless electric 
or hybrid vehicle may have a higher overall e?iciency. Stated 
otherWise, the exemplary vehicle may more e?iciently utiliZe 
the poWer available in the batteries due to the improved e?i 
ciency resulting from the absence of a transmission-like com 
ponent betWeen the motor and the Wheel of the vehicle. This, 
too, is con?gured to extend driving range and/or reduce the 
need for batteries. 

[0058] Additionally, the commutated ?ux machine is con 
?gured to have a high torque density. In accordance With 
principles of the present disclosure, the high torque density 
commutated ?ux machine is also Well suited foruse in various 
applications, for example automotive applications. For 
example, a conventional electric motor may have a torque 
density of betWeen about 0.5 to about 3 NeWton-meters per 
kilogram. Additional techniques, for example active cooling, 
can enable a conventional electric motor to achieve a torque 
density of up to about 50 NeWton-meters per kilogram. HoW 
ever, such techniques typically add signi?cant additional sys 
tem mass, complexity, bulk, and/or cost. Additionally, such 
conventional electric motors con?gured to produce compara 
tively high amounts of torque, for example the Siemens 
1FW6 motor, are limited to comparatively loW RPM opera 
tion, for example operation beloW 250 RPMs. 
[0059] In contrast, in accordance With principles of the 
present disclosure, an exemplary passively cooled transverse 
















