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(57) Abregée/Abstract:
A starting and generating system for use with an aircraft engine includes a starter / generator and an inverter / converter / controller
(ICC) coupled to the starter / generator. The starter / generator is configured to start the aircraft engine in a start mode and lo
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(57) Abrege(suite)/Abstract(continued):
generate AC power In a generate mode. The starter / generator includes an exciter and a rotational shaft. The |ICC Is configured to

provide AC power at a first frequency the starter / generator in the start mode and to control the exciter during the generate mode
such that the generate mode AC power has a second frequency, wherein the first frequency Is based on a shaft speed of the shatft.
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(57) Abstract: A starting and generating system for use with an aircraft engine includes a starter / generator and an mverter / con-
verter / controller (ICC) coupled to the starter / generator. The starter / generator 1s configured to start the aircraft engine in a start
mode and Io generate AC power 1n a generate mode. The starter / generator includes an exciter and a rotational shaft. The ICC 1s
configured to provide AC power at a first frequency the starter / generator i the start mode and to control the exciter during the
generate mode such that the generate mode AC power has a second frequency, wherein the first frequency 1s based on a shaft
speed of the shatft.
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AIRCRAFT ENGINE STARTING/GENERATING
SYSTEM AND METHOD OF CONTROL

BACKGROUND OF THE INVENTION

(0001} The entbodiments described heremn relate generally 1o asreraft
engites and, more particularty, fo awrcralt engine starting and power generaiing

svatems and methods of control.

{0021 At east some known slarter/eenerator svstems for ase wilh
asrcraft are used to both start an airerafl engine in a start mode, and to utilize the
aircrafl engine after it has started to provide electrical energyv o power systems on the
airerafl in a generate mode. For example, at least some known svstens include a
slarter/genarator with two stafor exciter windings and a vanable~voltage. vastable-
frequency power converter that is alternately connecled o dnve a dvnamoelectric
machine as a stariing mdor or to recerve power from the dvnanue electric machine
during generator operation. In at {east sone svstenis. one winding 13 a muiii-phase
AC windmg for use m start mode, and one wimding 15 a DO windmg for use In
venerate mode.  However, sach systems imclude winding~selective circuriry that s
heavy and expensive, Moreover, exciier stator utilization in such syvsiems is poor. and

the conversion circuilry 18 farge.

f0003]  Moreover, at least some known svstems have an mability of a
synchronous exciter to generate sufficient excilation power for a mamn synchronous
machine I a starter/generator at zero or low speads. For example, at least some
known svstems supply a DO voltage 1o an exciter winding of a conventiongl exciier
during a generate mode and an AC voltage 1o the same winding dunng a start mode.
However, such systems require an AC supply voliage 1o the exciter to be higher than a
maximum voltage that a DC bus or DC hink voltage at the input of the inverter can be
mverted o, which requires additional circintry 10 boost the DO bus or DO link
voltage., As a consequence, the higher AC voltage makes such systems more prone (o

corong effecis.
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[0004}  Farthermore, at least some known systems use AC excitation
for both start mode and generate mode. Such svstems generally include a muitt-phase
AC exciter that i3 conirolled to operate at a high, constant {requency during start
made in order {0 generate the AU voltage in an exciter armature that s located on a
shalt through g rotating transformer effect. The output of the armature is connected {o
a rotating rectifier that 1z located on the same shall, and that outputs a desired DC
voltage 1o power the axcitation winding of a mam machine. During generate mode,
the frequency of the supplied AU vollage switches from a lugh. conslant frequency to
a iow, constand frequency. The AL voitage in the armature 18 generated again through
the rotating fransformer effect, which provides the excitation power o the main
generator through the rotating rectifier. To use AC exciation i both modes, a higher
excrler current 18 generally used in generate mode when compared with the current for
power-generation-only gpplications, Thig resulis in the requirement of a large, heavy
converter,  The high current may be avoided. but requires the mtroduction of

addional winding selective circutry for use in the start mode,
BRIEF DESCRIPTION OF THE INVENTHON

[0005]  This Briel Desceniption 15 provided to mtroduce a selection of
concepis w a simphited form that are f{urther descenbed below m the Detaled
Descrniption.  This Brnief Descniption is not miended to identify Key features or
essential features of the clanmed subject matter, nor 18 1t mtendead to be vsed as an aid

i deternuning the scope of the clarmed subject matter.

.....

[(0006]  In one aspect. a stariing and generating systen 18 provided for
use with an amrcrall engme. The starting and generating svsiem includes a
starter/generator  and  an  inverter/converter/controlier {(1CCY coupled to  the
slarter/generator.  The starter/generalor 1s configured {0 start the aireralt engine m a

v b

start mode and to generate AC power in a generate mode.  The starter/generator

at a first frequency the starter/generalor m the start mode and to contrel the exciter
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dunng the generate mode such thal the geperate mode AU power bas a second

frequency, wherein the first lrequency 1s based on a shaft speed of the shaft.

[G007]  In another aspect, a starting and generating system is provided
tor use with an aroraft engine. The starting and generating svstem includes a

starter/generator and  an  inverler/converter/controlier  (ICC)  coupled to  the

s

starter/eenerater.  The starter/generator 15 contipurad to start the aireralt engine m a

start mode and to generate AC power 1 a generate mode.  The starter/generator

mchudes an exciter and a rotational shali. The 1CC 153 configured to provide AC power

cenerator m the start mode and to control the exciler

Nea

at a {irst frequency to the starler!
dunng the generate mode such that the generate mode AT power has a second
frequency. The 1CC mcludes a control board configured {o control the 1CC by

deternmning the first frequency based on a shafi speed of the shaft.

fode]  In another aspect, a method 18 provided for controlling a
starting and generating svslem for use with an aircrait engine. The slarting and
generating svstem includes a starter/generator that wmcludes a rotational shaft.  The
starting and generating svsiem also includes an inverter/converter/controller (1CC).
The method wncludes providing, by the 100, AU power al a hirst frequency o the
starter/generator duning a start mode, and starting the aurerall engine using the
starter/generator, wherem the first frequency 15 a vanabie {requency based on a shaft
speed of the shafl.  The method also meludes wsing the 1CC, controlhing the

starter/generator during a generate mode (o generate AC power at a second frequency.

G009 The embodiments described herein mav be better undesstood
bv referring to the following description m conjunction with the accompanying

drawings.

0010} Fipure 1 18 a schematic block diagram of an exemplary

starting and generating svstem for use with an atrcraft enzne
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[OOT1]  Figure 2 15 a sechional view of an exemplary starier/generator

that may be used wiih the starting and generating svstem shown i Figure |

[0012] Figwre 3 1 a block schematic diagram of an exemplary

electnical architecture of the starting and generating svstem shown in Figure 1

[013] Figure 4 15 a [irst ssometne view of an exemplary housmy that

may be used with the starting and generating system shown n Figure

[014] Figare 5 13 a second isometrie view of the housing shown in

A

Figure 4.

[OO15) Fipore 6 is a Nowchart illustrating an exemplary method of

assembling the startine and generalting system shown i Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0016]  Vartous embodiments of the present mvention will be
described m detaii below. with reference to the accompanving drawings. The
embodiments desceribed herein relate to a bidirectional energy conversion, brashless,
glecine rolating device that converts elecirical enerey to mechanical energy in a start

mode and mechamcal energy to electrical energyv in a generate mode.

{17 Figure 1 15 a schematic block diggram of a starting and
generating svstemn 10 for use with an awrerafl enging {(not shown) 1 accordance with
an exemplary embodiment ol the mvention.  Figure 2 15 a sechional view of a
starter/generator {§/G) 102 that mav be used with systemy 100, In the exemplary
embodiment, starting and generating svstem 100 weludes 5G 102 and an

imverter/converter/controlier (FCC) 104 that is electncally coupled to $/G 102,

[0018] Relernng to Figures 1 and 2, and in the exemplary
embodiment. §/G 102 is configured (o start the airerafl engine i a start mode and 1o
generate AC power i & generale mode, as explamed n greater detail below.

3

Moreover, $/G 102 15 a combination of three elecirnic machines. Specilicatlyv, §/G 102
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1$ a combimation of a mamm machine 106, an exciter 108, and a permanent magnet
generator (PMG) 110, This arrangement s referred generally o as a three-machine
set. In one embodiment, main machine 106 is a salient synchronous machine. In the
axemplary embodimeni, mam machine 106 includes a mamn stator 112 and g main
rotor 114, Mamn rotor 114 meludes a shaft 116 extending therethrough. and a rotating
reciifrer 118 having an output (not shown) that 13 electrnicallv coupled to mamn rotor
114, In the exemplary embodiment, recifter 118 18 positionad mside shaft 116
However. rectihier 118 may be positioned dulferently with respect to shalt 116 in other
ambodimenis.  Further, m one embodiment, rectifier 118 15 a full-wave rotating
recitfier, In another embodiment, rectifter 11813 a half-wave rotating rectifier. In the
exempiary embodiment, mam stator 112 includes a 3-phase AC winding {(not shown
i Figures 1 and 2). Aliemative embodiments mav include anv suntable winding such
as. hut not hmted to, a 6-phase AC winding, a 9-phase AC winding, and the bke.
Moreover, in the exemplary ambodiment, exciter 108 mcludes an exgiter stator 120
and an exciler rolor 122, Excuter stator 120 mcludes a first 3-phase AC winding (not
shown 11 Figures 1 and 2). and exciter rotor 122 mcludes a second 3-phase AC
winding (not shown in Figures 1 and 2) that 1s coupled {o an mput (not shown) of
reciifter 118, Moreover, permanent magnet generator (PMG) 110 mcludes a PMG

stator 124 and a PMG rotor 126,

[O019] Referring o 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
maode 1o generate AL power at a second frequency that 18 {ess than the first frequency.
The first frequency 1s vanable and 15 based on a shall speed of shaft 116, The second
frequency 18 substanttally constant and 15 less than the fisst frequency o nuninmize
power transferred {romy exciter stator 120 while still enabling exciter 108 to be

appropriately controlled, as explamned below m greater detal.  Moreover, in the

4

exemplary embodiment, 1CC 104 includes a mam bridee 128 that s electnically
coupled to mamn stator 112 and to electrical svsiems {(not shown) within the asreraft.
ICC 104 also includes an exciter bridege 132 that 15 electrically coupled to exciter

stator 122 and {o an external power source 130, More specifically, exciter bridge 132
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1s elecincallv coupled 1o the fivst AC winding. Exciier bridge 132 15 also electrically

coupled o PMG stator 124, In the exemplary embodiment. main bridge 128 15 an
insulated-gate  Wpolar transistor (IGBTYdiode bnidge.  However, allemative
ambodiments may use anv suilable bndge.  In the exemplary embodiment, exciter
bridge 132 15 also an IGTB/diode bridge. In an altemalive embodiment, exciier
bridge 132 is a metal-oxide-semiconductor field-effect transistor (MOSFET)} bridee
in another altemative embodiment, exciter bridge 132 i3 a silicon carbide (%i0)
MOSFET bridge. However, further alternative embodiments may use any suitable
bridge. In the following description. man brnidge 128 and excifer bridge 132 mav be
interchangeably referred t©o as a main  inverter/converter and an  exciter

mverter/convearier, respectivaly.

{020] Figare 3 18 a block schematic diagram of an electncal
architeciure 200 of starting and generating svstem 100, More specifically, Figure 3
shows systemt 100 with an emphasis on componentds that make up mam bndge 124
and exciler bridge 132 In the exemplary embodiment. HCC 104 also includes g
control board 202 that 13 elecincally coupled to both mamn bridge 128 and exciier
bridge 132, Conirol beard 202 mcludes a mamn bridge digital signal processor (IDSP)
204, an exciter bridee DSP 206, and a hield-programmable pate array (FPGA) 208, A
first AC exciter winding 210, coupled to exciter stator 120, 15 glecinically coupled to
FPGA 208 and exciter bndge 132, A second AC exarter winding 212, coupled (o
exciter rotor 122,15 elecinicaliv coupled to mamn rotor 114, A muain stator AC winding
214 13 eflectric:ai'l}f coupled to FPGA 208, When in use during the start mode of
systermn it mamn bridge DSP 204 may be mierchangeably refermred 1o herain as a

starter mverter controtler or a starter smverler DSP. When m use during the generate

fj‘

mode of system 100, main bridge DSP may be interchangeably referred to ?iwr-ein. as a
generafor converter controfler or a generator converter DSP. Moreover, when i use
during the start mode of syslem 144, exciter bridge DSP 206 may be interchangeably
referred to herern as an exciier mverter controlier or an excuier wverter DSP. When in
use during the generate mode of system 100, exciter bridge DSP 200 mav be

interchangeably referred o heremn as exciter converter controller or exciter converter
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DSP. Main bndge DSP 204 15 operatively coupled 1o mamn bridge 128 and includes
ambedded soltware lor controlling main bridge 128, Specilically, mam bridge DSP
204 controls main bridge 128 1 the start mode of svstem 100 to generate AC power
to drve §/G 102, Moreover, main bridge DSP 204 controls mamn bridge 128 m the
generate mode of system 100 to convert AC power to DU power for use by other

components (not shown ) of an atreraft.

f0021]  Figures 4 and 3 are isometnie vigws of 1CC {04 {shown m
Figares 1 and 3}, as 1t may be packaged in a housing 348} that s sized 1o be mserled
imto or mounted onto a cabimet {not shown) wathm an atrerall {(not shown) In the
exemplary  embodiment, housing 300 is sized to contamn a cold plate 302 that
facilitates heat dissipation and/or heal removal from KCC 104, Housing 300 also
contams main bridge 128, exciter brzdge 132, mam bndge DSP 204, exciter bridge

and one or more sense assemblies 306, An output voliage termunal block 308 18

coupled on an outer surface 3180 of housmg 360 10 provide DU power 1o other

componenis (not shown} within the airerait.

[0022] Dunng use, and referrmg to Figues -5, startng and
generating system 100 has two operating modes:  a start mode and a generate mode.
in the generate mode, 3-phase excier AC winding 212 generates the necessary
rotating Held wy an awr gap (not shown} between axater rotor 122 and exciter stator
126 The rotating magnetic held mieracting with Dirst AC exater winding 210
generates a voltage m hirst AC exciter winding 210, Addiionally, 3-phase AC

c

winding 210 transfers electromagnetic power from exciter stator 124 to exciter rotfor
122 durmg the start mode.  More specifically, excter stalor 120 13 optimally
construcied for a power generating operation m ferms of a mamber of turns per phase
and magnetic circutiry {not shown) because systerm {60 spends a mgjority of 1s
operational time in the generate mode, A current of exciter stator winding 210 is thus
minvuzed (0 a low level and may still be appropnately controlled. Moveover, exciter
bridge DSP 206 controds exciter stator 124 such that the divection of the rotating leld

it the air gap i exciter 108 15 opposite {from the rotating divection of shaft 116, thug
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forcing exciler 108 (o Tunction as an induction machine 1 1is braking mode. While an
imduction machine works m its braking mode, power at the ouiput of an armature 18
the summation of two terms: Fr and P, = (1-51P, where Fy 18 the electrical power
transferred from exciler stator 1200 /., 18 the mechamcal power converled from
mechameal power on shalt 116, and & 1s the shp. which 15 a difference between a
speed of the stator field and the rotor speed.  In addition, § 18 defined by Equation (1)

as follows:

§ =8 T Bq. (1)

where @, =277, ande = 2a7 . Further, £ 15 a frequency of an AC voltage supplied

by excrter bridge 132 and 1s defined by Equation (2} as follows:

. KPAT e f | .
fo St Eq. (2)

where RFA 18 a shalt speed and # 18 a namber of poles of exciter 108, Furthermore,
making the lrequency of the AC exaiier supply voliage generated by exciter bridge
132 substantially constant and reasonably small facilitates mninuzing the power
transterred from exciter stator 120 while stili enabling exciter 108 to be appropriately
controlied.  For example, for an exciter 108 having esght poles and runnmyg al
approximately 12,000 revolutions per nunute (RPM) m a direction opposite that of the
rotating hield generated by an approximately § Hertz (Hz) AC voltage that 15 supphied
at an input {not shown) of exciter stator windmg 214 by exciter bridee 132, RPM = -
12000 and £ = 8. Using the equations above, it can be shown that:
{12000 68

(= 2 = da) R {2 e OO

wherain the negative / imdicates that exciter rotor 122 s runnimg 1 an opposue

direction than the rotating {ield in the air gap. Then,
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comes from the mechanical power transferred through shaft 116, The power from
exciter slator 126 crossmg the exciter air gap is also very smail. Thus, the phvsical

size of exciter bridge 132 may be mimmszed.

[0023]  In the start mode, svstam 184 recatves alectneal power from
external power source 130, Mam machine 106 operates as a 3-phase wound field
salient synchronous motor m the start mode. 3~phase alternating current 1s supplied to
3-phase mam stator winding 214 {rom mam bridge 128, and an excitation current 18
provided fo mam rotor 114 from excrter 108, The frequency of the current supplhied (o
mamn stator 112 15 proportional 1o a speed of mamn machime 106, A rolating [ield
generated by the 3-phase cutrent myteracts with a magnetc held generated by mam
rotor 114 to creale mechanical torgue at shaft 116 of main rotor 114, As such, m start
mode, exciier stator 120 with 3-phase AC winding 210 and exciter rotor 122 with 3~
phase AC wimding 212 together form an induction exciter.  Exciter bridge DSP 206
controls a direction of a phase sequence of the 3-phase AC windmgs 210 and 212
such that the direction 18 opposiie from the rotational divection of shatt 116, Thus, the
induction exciter operates in s braking mode. Consequently, the power transferred
fromt excier stator 120 may be muminmuzed.  Further, the freguency of the supply
voltage of exciter 108 15 controllied m such a way that both the magnitude 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 15 optimized for generate
mode, the number of turns per phase 1s relatively high, whuch reguires a higher supply

voltage as the shaft speed mereases. When this occurs, the frequency 13 reduced as

the speed mcreases 1o avold a higher voltage demand.
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[0024]  Figure 65 a fowchart 400 illustrating an exemplary method
of controlling a starting and generagting svstem, such gs starting and generating sysiem
100 (shown m Figure 1), for use with an atreraft engine {(not shown}. Referring (o
Figures 1-3, and i the exemplary embodiment, a shalt speed ol shall 116 {shown in
Figure 1} 1s determuned 402 using ICC 104 {shown in Figure 1} Specilically, control
board 202 {shown in Figure 3) deternunes the shaft speed of shaft 116, KU 104 then
determines 404 a desired first {requency for use m a start mode. Specifically, control
board 202 deternupes the first frequency based on the shait speed 1 order to avoid a
high supply voltage demand during start mode. In order to start the aircrafl engine
(not shown), ICC 104 provides 406 §/G 102 {(shown m Figure 1) with AC power at
the first frequency. Specihically, reclifier 118 (shown i Figure 1) provides the AC
power a the first frequency 1o exciter stator winding 214 {shown in Figure 3). Exciter
LG8 {shown in Figure 1) uses the AU power 1o provide exciiation to man rotor 114 (o

start the atreraft enging.

{0025] Moreover., In the exemplary embodiment, aller the arerall
engine has been started, S/G 102 provides AC power al a second frequency for use i
powenng onboard elecincal svsiems (not shown) within the aircrall dunng a generate
mode. The second frequency s subsiantially constant and 15 less than the first,
variable, frequencv. 1CC 104 controls 408 main machme 106 (shown n Figure 1}
during the generate mode such that main machine 106 provides the onboard electrical
systems with power,

10026] Embodiments of starting and generating svstems lor use with
aircrafl engings, and methods of control, are describad m detail hersin. Such systems
facilitate providing fuel savings benelits via weight reduction and electneal power
svstern optimization.  Moreover, oplimizing an exciation performance durnng both
start and generate modes of such svstems facildates ehinunating  addiional

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

[{6327] This written description uses examples to disclose the

mvention, ciuding the best mode, and also 1o enable any person skilled m the ant Lo

=} 0=
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practice the mvention, ncluding making and using any devices or systemns and
perfornung anv incorporated methods.  The patentable scope of the invention 18
defined by the claims, and may include other examples that occur {o those skilled in
the art. Such other exampies are mtended o be withun the scope of the claims if they
have structurat elements that do not differ from the bhiteral language of the claims, orif
they include equivalent structural elements with insubstantial differences {rom the

literal languages of the clanms.

-1 1=
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WHAT IS CLAIMED 15

1. A starbing and generabing svstem lor use with an awreralt engine,

sard starting and generaling system comprising:

a starter/eenerator configured to start the atrcrafl engine in a start node
and 1o generate AC power m a generate mode, said starter/generator compnsing an

axciler and a rotational shatft, and

an wverter/converter/controtler (JCCY coupled to sad starter/generator,

%

satdd ICC configured to provide AC power at a first frequency 1o said starter/generator
i the start mode and to control said exciter dunng the generate mode such that the
generate mode AC power has a second frequency, whearemn the first frequency is based

on a shafl speed ol said shafl

-

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

wherein the second frequency 1s constant and 1s less than the first frequency.

it 5

3. A starting and generating system in accordance with Clanm 1,

whearem said starter/generator further comprises:
a main machine comprsing a mam stator and a man rotor; and

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

;"‘.

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

generate mode.

Pl

5. A starting and generaling svstem 1 accordance wilh Claim 4,
wherein said 1CC comprises an exciter bridge coupled to smd exciter stator, sad
axciter bnidge configured to control said exciter such that said exciter operates as a

braking mode mduction machine.
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6. A starbing and generabing svstem in accordance with Claam 3,
wherein saud exciter bridge comprises one of an IGBT bndge, a MOSFET bnidge, and
an SiC MOSFET bndge.

‘wrh

7. A starting and generating svsiem 1 accordance with Clam 3.
wheremn sard exciter bridge 13 configured to generale a varnable AC excrter supply

voltape.

8, A starting and genergting svstem 1 accordance with Claim 1.
wheran satd exciier comprises an exciter stator and an excuter rotor, said exciter stator
comprising an AC winding, and wherein sard O comprises an exciter bodge

configurad to provide the AC power at the Dirst frequency to said winding,

9. A starbng and gengrating svstem lor use with an awrcrall engine,

satd starting and generaling system compnsing:

a starterdgenerator comfigured to start the atrcrafl engine in a start mode
and {0 generate AU power in a generate mode, saxd starter/generator comprising an

exciler and a rotabonal shatt;

an nverter/converter/controtler {ICC) coupled to said starter/genarator,

satd ICC configured to provide AC power at a first frequency 1o said starter/generator

11 the start mode and to control said excier dunng the generate mode such that the
penerate mode AL power has a second frequency, sad 1CC compnsing a control
board configured to control said ICC by determining the hrst frequency based on a

shalft speed of sard shaft.

183, A starting and generating svsient in accordance with Claim 9,

wharein the second frequency 8 constant and is less than the first frequency.

1. A starting and generaling svstem in accordance with Claim 9,

wherein sard starler/generator further comprises:

a ram machine comprising a man stator and a main rolor;, and
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a permanertt magnet generator (PMG) comprising a PMG stator and a

PMG rotor

12, A starting and generating svstem in accordance with Claim 11,
wharemn said 1CC farther comprises a mam HGBT brnidge coupled {0 said main stator,
satd maimn machine configured to generate AC power al the second [requency during

the cenerate mode.

N

13, A starting and generating svstem in gecordance with Clann 12,
wherain said 1CC comprises an exciter bridee coupled 1o said exciter stator, said
exciter bridge configured 1o conlrol sald exciter such that said exciter operates as a

braking mode wduction machine.

14, A slarting and generating system i accordance with Claim 13,
wheremn said exciter brndge comprises one of an IGBT bndge, a MOSFET bndge, and
an S1C MOSFET bndge.

c

15, A starting and generating svstem in accordance with Claim 13,
wharem sard exciter bridge 15 configured 10 generale a vanabie AC exciter supply

voltage.

16, A starting and generabing systemn 1 accordance wilh Claim 9,
wherain said exciter comprise an exciier stator comprising an AC windmg, and
wherem said HCC comprises an exciter bridge conlipured (o provide the AC power at

the first frequency (o said winding.

17. A method of controlling a starting and generaling svstem for use
with an  awrcralt  engine, the starting and  penerating  svstem  including  a

starter/generator and an inverter/converter/controlier {(ICC). the starter/generalor

providing, by the KU, AC power a a first [requency to the

senerator during a start mode, wherem the fust freguency 15 a vanable

(s

starter!

frequency based on a shaft speed ol the shalt;

-14-
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starting the awrcrall engine using the starter/generator; and

using the ICC, controlling the starter/generator during a generate mode

o generate AC power at a second frequency.

18, A method in accordance with Claim 17, wherein the
starter/generator ncludes an exciter baving at least one AC windimg and the 1CC
mciudes an exciter bridge, and wherein said providing AL power during a start mode

COMPrises:
determuning the shall speed;
determining the first frequency based on the shaft speed: and

provigding AC power 1o the at legst one AU winding at the fust

frequency.

19, A method m accordance with Claim 18, wherein providing AC
power {o the al least one AC winding comprises generating a vanable AC exaier

supply voltage using the exciter bridge.

et

20. A wmethod v accordance with Clazm 17, further comprnising
generating AC power duning the generaie mode gt the second frequency using the
¢ & p 8 & .. &

main machine.
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