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AIRCRAFT ENGINE STARTING/GENERATING
SYSTEM AND METHOD OF CONTROL

BACKGROUND OF THE INVENTION

{00011 The embodiments described herein relate generally 1o arcraft
engines and, more particularly, to aireraft engine starting and power generating

svstems and methods of control.

[002] At {east some known slarter/generator systems for use with
arreraft are used to both start an airerafl engine in a start wode, and to utilize the
adreraft engine after it has started to provide electrical energy to power systems on the
arcrafl in a generate mode. For example, at least some known systems include a
slarter/generator with two stator exciter windings and a vanable-voltage, variable-
frequency power converter that is altemalely connecled {o drive a dvnamoelectric
machine as a starting motor or to receive power from the dvbamic electric machine
during generator operation. In at {east some systems, one winding 18 a multi-phase
AC windmg for use in start mode, and one winding 15 a DC winding for use in
generate mode. However, such systems include winding-selective circuitry that 1
heavy and expensive, Moreover, exciter stator utilization in such systems is poor. and

the conversion cironitry 18 farge.

[0003] Moreover, at least some known systems have an inability of a
synchironous exciter to generate sufficient excilation power for a man synchronous
machine in a starter/generator at zevo or low speeds,  For example, at least some
known svstems supplv a DC voltage to an exeiter winding of a conventional exciter
during a generate mode and an AC voltage to the same winding dunng a start mode.
However, such systems require an AC supply voltage to the exciter to be higher than a
maxinmum voltage that a DC bus or DC link voltage at the input of the inverter can be
inverted fo, which requires additional circuilry 1o boost the DC bus or DC link
voltage. As a consequence, the higher AC voltage makes such systems more prone to

corons effects.
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[0004]  Forthermove, at least some known systems use AC excitabion
for both start mode and generate mode. Such systems generallv include a multi-phase
AC exciter that is controlled to operate at a high, constant frequency during start
made n order to generate the AC voltage in an exciter armature that s located on a
shalt through a rotating transformer effect. The output of the armature is connected o
a yotating rectifier that 13 located on the same shafl, and that outputs a desired DC
voltage 1o power the excitation winding of a mamn machine. During generate mode,
the frequency of the supplied AC vollage switches from a hugh. constant frequency to
a low, constant frequency. The AC voltage in the armature 1s generated again through
the rotating transformer effect, which provides the excitation power to the main
generator through the rotating rectifier. To use AC excitation in both modes, a lugher
exciler current is generally used in generate mode when compared with the current for
power-genergtion-only gpplications. This results in the requirement of a large, heavy
converter, The high current may be avoided. but requires the introduction of

additional winding selective crcutyy for use i the start mode.
BRIEF DESCRIPTION OF THE INVENTION

[6603]  This Brief Description is provided to introduce a selection of
concepts n a simplified form that ave further desenbed below m the Detailed
Descrption.  This Brief Description is not mtended to identify key features or
essenlial features of the claimed subject matter, nor 1s 1 intended to be used as an aid

n deternmining the scope of the claimed subject matter,

[006]  In one aspect. a starhing and generating system is provided for
use with an aircraft engine,  The starting and generating sysiem includes a
starter/generator and  an  inverter/converter/controlier  (ICCY coupled 1o the
slarter/generator.  The starter/generalor 18 configured {o start the aireraft engine i a
slart mode and to generate AC power m a generate mode.  The starter/generator
includes an exciter and a rotational shaft. The 1CC is conligured to provide AC power

at a first frequency the starter/generaior m the start mode and to control the exciter
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during the generate mode such thal the generate mode AC power has a second

frequency, wherein the first lrequency s based on a shaft speed of the shaft.

{00071 In another aspect, a starting and generating system is provided
for use with an abrcraft engine.  The slarting and generating svster mcludes a
starterfgenerator  and  an  inverter/converterfcontrolter  (ICC)  coupled to  the
starier/generator. The starter/generator is configured to start the aireraft engine in a
start mode and to generate AC power in a generate mode.  The starter/generator
imchudes an exciter and a rotational shaft. The 1CC is confligured to provide AC povear
at a first frequency 1o the starler/generator n the start mode and to control the exciter
during the generate mode such that the venerate mode AC power has a second
frequency. The ICC includes a control hoard configured to control the ICC by

determining the first frequency based on a shaft speed of the shaft.

|08 In another aspect, a method 13 provided for controlling a
staring and generating svstem for use with an aircraft engine.  The starting and
generating svstem includes a starter/generator that includes a rotational shaft. The
starting and generating svstem also includes an mverter/converter/controller (ICC)Y.
The method mcludes providing, by the ICC, AC power at a first frequency o the
slarter/generator during a start wode, and starting the alrerafl engine using the
starter/generator, wherein the first frequency is a variable frequency based on a shaft
speed of the shaff,  The method also ncludes wsing the ICC, controlling the

starter/generator during a generate mode (o generate AC power at a second frequency.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  The embodiments described herein mav be better understood
by relerring to the followmng description m conjunction with the accompanying

drawings.

[0010] Figure 1 s a schematic block diagram of an exemplary

slarting and generating svstem for use with an aircraft engine
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[0011]  Figure 2 is a sectional view of an exemplary starter/generator

that may be used with the starting and generating system shown in Figure 1

[0012] Figwre 3 15 a block schematic diagram of an exemplary

electrical archilecture of the starting and generating svstem shown in Figure 1.

[013] Figure 4 15 a first isometric view of an exemplary housing that

may be used with the starting and geverating system shown in Figure L

[L4] Figure 5 s a second isometnie view of the housing shown in

Figure 4.

[OO15} Figure 6 is a fowchart illustrating an exemplary method of

assembling the starting and generating system shown in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0016] Varicus embodiments of the present mvention will be
described o detad below, wilth reference {o the accompanving drawings. The
embodiments described herein relate to a bidirectional energy conversion, broshless,
electric rotating device that converts electrical energy to mechanical energy in a start

mode and mechanical enargy to electrical energy in a generate mode.

[O017] Figwe 1 18 a schemanc block diagram of a starting and
generating svstem 100 for use with an arerafl engine (not shown) in accordance with
an exemplary embodiment of the wmvention.  Figure 2 is a sectional view of a
starter/genarator {8/G) 102 that may be used with systemy 100, In the exemplary
embodiment, starting and generating svslem 100 meludes §/G 102 and an

inverter/converter/controllier (1CC) 104 that is electrically coupled to §/G 102,

[0018] Refernng to Figures 1 and 2, and wn the exemplary
embodiment. $/G 102 is configured o start the airerafl engine 1 a start mode and Yo
generate AC power in a generate mode, as explained in preater detail below.

Moreover, /G 102 1s a combination of three electric machines. Specificatlv, S/G 102

i
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1s a combination of a main machine 106, an exciter 108, and a permanent magnet
generator {PMG) 110, This arrangement is referred generally 1o as a three-machine
set. In one embodiment, main machine 106 is a salient synchronous maching, In the
exemplary embodiment, mam machine 106 includes a main stator 112 and a main
rotor 114, Main rotor 114 includes a shaft 116 extending therethrough, and a rotating
rectifier 118 having an output (not shown) that 15 efectrically coupled to main rotor
114, In the exemplary ewbodiment, reciifier 118 is positionad inside shaft 116
However. rectifier 118 may be positioned differently with respect to shafl 116 in other
embodiments.  Further, in one embodiment, rectifier 118 15 a full-wave rotating
rectifier. In another embodiment, rectifier 11815 a half-wave rofating rectifier. In the
exemplary embodiment, main stator 112 mcludes a 3-phase AC winding {not shown
in Figures | and 2). Aliemative embodiments may include any suitable winding such
as. but not Hmited to, a 6-phase AC winding, a 9-phase AC winding, and the like.
Moreover, in the exemplary embodiment, exciter {08 includes an exciter stator 120
and an exciler rofor 122, Exciter stator 120 includes a first 3-phase AC winding (not
shown in Figures 1 and 2), and exciter rotor 122 includes a second 3-phase AC
winding (not shown i Figures 1 and 2) that 1s coupled to an input {(not shown) of
rectifter 118, Moreover, permanent magnet generator (PMG)Y 110 includes a PMG

stator 124 and a PMG rotor 126,

[0019] Referting to Figure 1, 1CC 104 provides AC power to §/G
102 at a first frequency in the start mode. and controls S/G 102 during the generate
mode 1o generate AC power at a second frequency that 138 {ess than the first frequency.
The first frequency 1 variable and 1s based on a shaft speed of shaft 116, The second
frequency 1s substantially constant and s less than the fisst frequency (o nunimize
power transferred from exciter stator 120 while still enabling exciter 108 to be
appropriately controlled, as explained below in greater detail.  Moreover, in the
exemplary embodiment, ICC 104 includes a main bridge 128 thal is electrically
coupled fo main stator 112 and to electrical svstems (nol shown) within the arreraft.
ICC 104 also includes an exciter bridge 132 that 1¢ electrically coupled to exciter

stator 122 and o an external power source 130, More specifically, exciter bridge 132
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1s electrically coupled 1o the first AC winding. Exciter bridge 132 is also electrically
coupled to PMG stator 124, In the exemplary embodiment, mamn bridge 128 i an
insylated-gate  polar transistor (1GBTydiode bndge.  However, allemative
embodiments mav ase any suillable bridge. In the exemplary embodiment, exciter
bridge 132 1s also an 1GTB/diode bridge. In an allemative embodiment, exciter
bridge 132 is a metal-oxide-semiconductor field-effect transistor (MOSFET) bridge.
In another altemative embodiment, exciter bridge 132 is a sidicon carbide (SiQ)
MOSFET bridge. However, further alternative embodiments may use any suitable
bridge. In the following description, main bridge 128 and exciter bridge 132 mav be
nterchangeably  referred to as a mamn  mverter/converter and  an  exciter

mverter/convearier, respectivaty.

[(020] Figure 3 is a block schematic diagram of an electrical
architecture 200 of starting and generating system 100, More specifically, Figure 3
shows system 100 with an emphasis on components that make up main bndge 124
and exciter bridge 132. In the exemplary embodiment, ICC 104 also includes a
control board 202 that 1s electrically coupled to both main bridge 128 and exciter
bridge 132, Control board 202 includes a main bridge digital sigoal processor (DSP)
204, an exciter bridge DSP 206, and a field-programmable pate array (FPGA) 208. A
first AC exciter winding 210, coupled to exciter stator 120, is electnically coupled to
FPGA 208 and exaiter brdge 132, A second AC exciter winding 212, coupled Lo
exciter rotor 122,15 electrically coupled to mamn rotor 114 A muain stator AC winding
214 15 electrically coupled to FPGA 208, When in use during the start mode of
system L), main badge DSP 24 may be interchangeably referred to herein as a
slarter inverter controtler or a staster fnverter DSP. When in use daring the generate
mode of systern 100, main bridge DSP may be imterchanpeably referred to herein as a
generator converter controfler or a generator converter DSP. Moreover, when in use
during the start mode of system 16, exciter bridge DSP 206 may be interchangeably
referred to herein as an exciter inverter controller or an exciter wverter DSP. When in
use during the generate mode of system 100, exciter bridge DSP 206 mav be

interchangeably referred to heremn as exciter converter controller or exciier converter

iy
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DSP. Main bridge DSP 204 15 operatively coupled to main bridge 128 and includes
embedded soltware lor controlling nwin bridge 128, Specifically, main bridge DSP
204 controls main bridge 128 in the start mode of system 100 to generate AC power
to drive §/G 102, Moreover, main bridge DSP 204 controls main bridge 128 m the
generate mode of system 100 to convert AC power to DC power for use by other

componenis (not shown ) of an aireraft.

[0021] Figures 4 and 3 are isometric views of ICC 104 shown i
Figares 1 and 3), as it may be packaged in a housing 3¢¢! that is sized to be inserted
inte or mounted onlo a cabinet {not shown) within an airerall (not shown) In the
exemplary embodiment, housing 300 s sized to contain a cold plate 302 that
facilitates heat dissipation and/or heal removal from ICC 104, Housing 300 also
contains main bridge 128, exciter bridge 132, main bridge DSP 204, exciter bridge
DEP 206, and FPGA 208, Moreover, housing 300 contains a filter cap assembly 304
and one or more sense assemblies 306, An output voltage terminal block 308 18
coupled on an owter surface 310 of housing 300 fo provide DC power to other

components {not shown} withun the aireraft.

[6022] Dunng use, and referring to Figues 1-3, starting and
generating system 100 has two operating modes:  a start mode and a generate mode.
in the generate mode, 3-phase exciter AC winding 212 generates the necessary
rotating field v an air gap (not shown} between axciter rofor 122 and exciter siator
126 The rotating magnetic field interacting wath first AC exater winding 219
generates a voltage i first AC exciter winding 213, Additionally, 3-phase AC
winding 210 transfers electromagnetic power from exciter stator 128 to exciter rotor
122 during the start mode.  More specifically, exciter staior 120 13 optimally
constructed for a power generating operation in ferms of a mumber of turns per phase
and magnetic circuitty {not shown) because system 100 spends a mgjority of its
operational ime in the generate mode. A current of exciter stator winding 210 {s thus
minumzed 1o a low level and may still be appropnately controblled. Moreover, exciter
bridge DSP 206 controls exciter stator 120 such that the divection of the rotating [ield

i the air gap m exaiter 108 15 opposite from the rotating direction of shaft 116, thus

-7
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forcing exciler 108 (o function as an induction machine 1 it braking mode. While an
induction machine works in its braking mode, power at the output of an armature 1s
the summation of two terms: Fy and P, = (4-51Py, where Py 18 the electrical power
transferred from exciter stator 120, P, 18 the mechamical power converted from
machanical power on shaft 116, and & 15 the slip. which s a difference between a
spead of the stator field and the rotor speed. In addition, § 18 defined by Equation (1)

as follows:

Eq. {1}

where @, =221, ande =2z Further, £y is a frequency of an AC voltage supplied
by exciter bridge 132 and 15 defined by Equation (2} as follows:

 RPAeP -
P Eq. {2}

where RFAL 1s a shaft speed and F is a number of poles of exciter 108, Farthermwore,
making the frequency of the AC excaiter supply voltage generated by exciter bridge
132 substantially constant and ressonably small facilitates minimizing the power
wansterred from exciter stator 120 while suli enabling exciter 108 1o be appropriately
controlled.  For example, for an exciter 108 having eight poles and runmng at
approximately 12,000 revolutions per minute {RPM) in a divection oppostile that of the
rotating field generated by an approximately § Hertz (Hz) AC voltage that is supplied
at an input {not shown) of exciter stator windmg 218 by exciter bridge 132, RPM = -
12000 and P = 8. Using the equations above, it can be shown that:
=2 = gﬁ-". lZQQO«S\ = -2 # 800

’ L 120

wherein the negative f indicates that exciter rotor 122 1§ running i an opposiie

direction thao the rotating field in the aiv gap. Then,
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S‘ LS
R

Thevefore, the power ratio between #o and P, as shown below indicates that the

majority of the power output from rotating rectifier 118 to exciter rotor winding 212
comes f{rom the mechanical power transferred through shaft 116, The power from
exciter slator 124 crossing the exciter air gap is also very smail. Thus, the phyvsical

size of exciter bridge 132 may be mimbuzed.

11:-\

LA

[ - S[ S }(3{) - “f’!.} 7O

[0023] In the start mode, svstem 146} recetves alectrical power from
external power source 130, Main machine 106 operates as a 3-phase wound field
salient synchronous motor i the start mode. 3-phase alternating current is supplied to
3-phase main stator winding 214 from main bridge 128, and an excutation current is
provided to main rotor 114 from exciter 108, The frequency of the current sapplied to
main stator 112 is proportional to a speed of main machine 106, A rotating field
generated by the 3-phase current inferacts with a magnetic field generated by main
rotor 114 {o creale mechanical torgue at shaft 116 of mamn rotor 114, As such, in start
mode, exciter stator 120 with 3-phase AC winding 210 and exciter rotor 122 with 3~
phase AC winding 212 together form an induction exciter.  Exciter bridge DSP 206
controls a direction of a phase sequence of the 3-phase AC windings 210 and 212
such that the direction is opposite from the rotational direction of shaft 116, Thus, the
induction exciler operates in its braking mode. Consequently, the power transferred
from esciter stator 120 may be nmunimized.  Further, the frequency of the supply
voltage of exciter 108 15 controlled in such a way that both the magmitude and the
frequency of the sapply voltage applied to exciler 108 are reduced along with the
speed of shall 116, Because the design of exciter stator 120 is optimized for generate
miode, the mumber of turns per phase 1s relatively high, which requires a higher supply
voltage as the shatt speed mereases. When this occurs, the frequency 13 reduced as

the speed increases to avoid a higher voltage demand.

9.
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[0024]  Figure 615 a lowchart 400 illostrating an exemplany method
of controlling a starting and generating system, such gs starting and generating system
160 (shown i Figure 1), for use with an aircraft engine (not shown). Referring (o
Figures 1-5, and n the exemplary embodiment, a shaft speed of shaft 116 {shown in
Figure 1} 1s deternuned 402 using ICC 104 {shown in Figure 1) Specificallv, control
board 202 {shown in Figure 3) determines the shaft speed of shafy 116, U 104 then
determines 404 a desived first frequency for use in a starl mode. Speeifically, control
board 202 determines the {irst frequency based on the shaft spead 1n order to avoid a
high supply voltage demand during start mode. In order to start the aircraft engine
{not shown), ICC 104 provides 406 $/G 102 {(shown m Figure 1) with AC power at
the first frequency. Specifically, rechifier 11X (shown in Figure 1) provides the AC
power a the first frequency 1o exciter stator winding 210 {shown in Figure 3). Exciter
108 (shown i Figure 1) usges the AC power {o provide excitation o man rotor 114 1o

start the aircraft engine.

[0023] Moreover, in the exemplary embodiment, afler the arcrafl
engine has been started, S/G 102 provides AC power al a second frequency for use
powenng onboard elecinical systems {not shown) within the aircralt during a generate
mode. The second frequency 18 substantially constant and 18 less than the first,
variable, frequency. 1CC 104 confrofs 408 main machine 106 (shown n Figure 1}
during the generate mode such that main machine 106 provides the onboard electrical

svstems with power.

[0026] Embodiments of starting and generating svstems for use with
arcrafl engines, and methods of control, are described in detail herein.  Such systems
facilitate providing fuel savings benelits via weighti reduction and elecineal power
svstern optimization.  Moreover, optimizing an exciiation performance during both
start and generate maodes of such svstems facilitates elinwnating  additional

complexity, weight, size, and cost to produce and maintain such svstems.

[0027]  This written description uses examples to disclose the

myention, including the best mode, and also o enable any person skilled in the ant to

-10-
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practice the mvention, including making and using any devices or systems and
perfornung any mcorporated methods.  The patentable scope of the invention is
defined by the claims, and may include other examples that occur to those skilled in
the art. Such other examples are mtended 1o be within the scope of the claims if they
have structurgl elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the

literal languages of the claims.

-11-
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WHAT IS CLAIMED 15

1. A starling and generating svstem for use with an aireraft engine,

said starting and generating systen comprising;

a starter/generator configured to start the airerafl enging in a start mode
and {0 generate AC power i a generaie mode, said starter/generator comprising an

axciler and a rotaiional shaft, and

an nverter/converter/controtler (ICC) coupled to sard startev/generator.
said ICC configured to provide AC power at a first frequency 1o said starter/generator
it the start mode and to control said exciter during the generate mode such that the
generate mode AC power has a second frequency, wherein the first frequency is based

on & shafl speed of said shaft.

2. A starting and generabing svstem in accordance with Claim 1,

wherein the second frequency 1¢ constant and is less than the first frequency.

3. A staring and generating system in accordance with Clamm 1,

wherein said starler/generator further comprises:
a main machine coniprising a main stator and a mamn rotor; and

a permanent magnet generator {(PMG) comprising a PMG stator and a
PMG rotor.

4. A starting and generating svstem m accordance with Claim 3,
wherein said 1CC comprises a main IGBT bridge coupled to sad main stator, said
main machine configurad to generate AC power at the second [requency dunng the

generate mode.

5. A starting and generaling svstem in accordance with Claim 4,
wherein said 1CC comprises an exciter bridge coupled to samid exciter stalor, sad
axciter bridge configured 1o control said exciter such that said exciter operates as a

braking nmode imduction machine.
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6. A starting and generabing syvstem in accordance with Claim 3,
wherein said exciter bridge comprises one of an IGBT bridge, a MOSFET bridge, and
an SiC° MOSFET budge.

7. A starting and generating svstem in accordance with Claim 3,
wherein said exciter bridge i3 configured to generale a variable AC exciter supply

vollage.

8 A starting and generating svstemn 1 accordance with Claim 1,
wheramn said exci{er comprises an exciter stator and an excuter rotor, said exciter stator
comprising an AC winding, and wherein said ICC comprises an exciter bridge

configured to provide the AC pover at the [irst frequency to said winding

9. A starbing and generating svstem for use with an aircraft engine,

said starting and generating system comprising:

a starter/generator configured to start the atrerafl engine in a start mode
and to generate AC power in a generate mode, said starler/generator comprising an

exciler and a rotational shaft,

an mvertet/converter/coniroller {ICC) coupled to said starter/genarator,
satd ICC configured to provide AC power at a first frequency 1o said starter/generator
in the start mode and to control said exciter during the generate mode such that the
generate mode AL power has a second frequency, said ICC comprising a control
board configured 1o control said ICC by detenmining the first frequency based on a

shaft speed of said shaft,

10, A starting and generating svstem in accordance with Claim 9,

wharein the second frequency (s constant and is less thao the first frequency.

1. A starting and generating svstent in accordance with Claim 9,

wherein sard starler/generator further comprises;

a mam machine comprising a main stator and a main rolor; and
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a permanent magnet generator (PMG) comprising 8 PMG stator and a

MG rotor.

12. A starting and generating svstem in accordance with Claim 11,
wheretn said 1CC further comprises a main IGBT bridge coupled {0 said main stator,
said yoain machine configured to generate AC power al the second Trequency during

the cenerate mode,

13, A starting and geveraling system in gecordance with Claim 12,
wheramn said 1CC comprises an exciter bridge coupled to said exciter stator, said
exciter bridge configured 1o conlrol said exciter such that said exciter operatas as a

braking mode mduction machine.

14, A starting and generating system i accordance with Claim 13,
wherein said exciter bridge comprises one of an IGBT bndge, a MOSFET bndge, and
an S$i" MOSFET bridge.

153, A starting and generating svstem in accordance with Claim 13,
wherein said exciter bridge 15 configured o generale a vanable AC exciter supply

voltage.

16, A starting and generaling system in accordance with Claim 9,
wherein said exciter comprise an exciter stator comprising an AC winding, and
whereain said FCC comprises an exciter bridge configurad to provide the AC power at

the first frequency to said winding.

17. A method of controlling a starhing and generaling system for use
with an  airerall  engine, the starting and  generating  svstem  including a
starter/generator and an inverterfconverter/controlier {(ICC), the starter/generator

mciuding a rotational shaft, said method comprising:

providing, by the I, AC power at a first frequency to the
starter/generator during a start wode, wherem the first frequency i1s a variable

frequency based on a shaft speed of the shall;

14
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starting the aircrall engine using the starter/generator; and

asing the HCC, controlling the starter/generator during a generale mode

to generate AC power at a second frequency.

I8, A method in accordance with Claim 17, wherein the
starter/generator includes an exciter baving at least one AC winding and the ICC

mncludes an exciter bridge, and wherein said providing AC power during a start mode

comprises:

determining the shaft spead;

determining the first frequency based on the shaft speed; and

providing AC power to the at least cne AC winding at the [irst
frequency.

19, A method i accordance with Claim 18, wherein providing AC
power o the at least one AC winding comprises generating 8 variable AC exciter

supply voltage using the exciter bridge.

20. A wmethod in accordance with Claim 17, further comprising
generating AC power during the generate mode at the second frequency using the

main machine.



PCT/US2010/029299

WO 2010/135030

1/6

Vi
S, o m“ \J.. MW W~m\f f1
.(\ 3 WY

\.:3\\4
.(:\x wt

mrw rrrrsssssrrs s,

871




PCT/US2010/029299

WO 2010/135030

2/6

e
Lot




PCT/US2010/029299

WO 2010/135030

3/6

90077

[ e s e 0 B 0 8 . b s 8 0 B e Y

; ,@W:¢m>,;

120 T A

4814

D I0 i

S0d ¥010%)
2804 WAL

Y

MOD A0uY

.vuw‘.r\.w v Jw

¥

b e s s s S S S s o s g

NHEYENT

1!i!!!!!k!!li!!!!!!i!li!!!!!!i

COHENGD 9

DuinNGT WO

P

)
L

{2

(]

HLON;

a3 d007

£

B s i s st s s i e i s e o

d_.v
<
-

NP

L™
ok

— st




WO 2010/135030 PCT/US2010/029299




WO 2010/135030 PCT/US2010/029299

5/6




WO 2010/135030

400~

PCT/US2010/029299

402 .

peeee iy g
Dr« S ETH
[V RN RS S

NE A SHAFT SPRED

406 v

STARTER,
b

TOAT T
ORI

408 s

CONTROL THE STARTER/GENERATOR
TO PROVIDE AC POWER AT A
CONSTANT SECOND FREQUENCY

G2
o)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings

