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Conbl ned Starting/ Generating System and Met hod Descrl ption Tec;pr}l ajsd:qeéd
The presgnt invention. relates generally to 5 . dynannelectrlc power

conversi on apparatus, anhd nore par- ticularly to a generating system ns
may be utilized to start a prime nover. Background Art There have beerf /[
various attenpts to elimnate 10  the necessity of a starter notor

_start a prime nmover which drives a generating system One such attenpt is

di sclosed in HOffmn@oﬁ%iﬂe&-ﬁaﬂ%ﬁﬁGé\&rﬂ&,%ﬁeﬂ'fﬁﬁd@t‘hbd
di scl oses generating ormol a prlot exciter, a main
exmter and a main generator all 15 of which are coupled to a prine

nmover’™ In a generating node, the pil omacﬁ'i%ig ovides field current for
the main exciter, which in turn generates fie current for the nmain

generator. Wen |t is desired to utilize the generating apparatus to start
the prinme nover, Tecunddal Fi@ldture axis wi nding di sposed about the stator

of the main exciter is ener.lqieze%[ e%@mftiﬂl@éfoﬁ' tféj_]ﬁéglg ggﬁégallyA to

corresponding alternating curre I s I nduced gtrans- or mer tion wt
the armatur 8 of Gyaasmeelestric PAWeX | FPDERLSY §uﬂ§P§rﬁ§|“ﬁ'ge’r§a‘%¥efF€Fa
~current. At the %&culsgmy o gEnedtiveg Ay stamivitick unagnbecutilazedntbs
- applied to the ar re of .,the main generator to estab- lish a rotating
magnetic field V\/I‘?iq?al’f' l‘?ta’ra'i‘&es“\‘ﬂ‘f%'the static magnetic field set up by the

~field current in the main generator. This interaetion produces a nechani cal

30 turning forﬁgﬁgﬁﬂiﬁllzed to start the prine nover. - 2-
Nbssenger Uus P . 161 di scl oses a

1 There have been various attempts to eliminate

10 the necessity of a starter motor to start a prime mover

' which drives a generating system. One such attempt is

. disclosed in Hoffmann et al U.S. Patent No. 4,093,869.

This patent discloses generating apparatus in the form of

, a pilot exciter, a main exciter and a main generator all

15 of which are coupled to a prime mover. In a generating

mode, the pilot exciter providés field current for the

main exciter, which in turn generates field current for

the main generator. When it is desir€9 to utilize the

generating appazatus to start the prime mover, a quadra-

20 ture axis winding disposed about the stator of the main

_ . exciter is energized by single-phase qlternating_current.

A _ A'corresponding alternating current is induced by trans-

former action within the armature of the exciter and is

utilized to supply main generator field current. At the'

1 same time, polyphase alternating current excitation is

- applied to the armature of the main generator to estab-

lish a rotating magnetic field_which.interact$ with the

static magnetic field set up by the field current in the

main generator. This interaction produces a mechanical

30 turning force which is utilized to start the prime,moﬁe:.
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the main generator to cause the main generator to operate as a notor and
t her eby start a prinme nover. Once the prine nover has been started, th
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voltage: thereto from the output of a permanent magnet

-generator. or PMG. : |
Other patents whxch disclose systems similar to
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the Messenger device include Lafuze U.S. Patent Nos.
3,902,073, 3,908,130 and 3,937,974.

Each of the systems descrxhed above suffers
from disadvantages. The Hoffmann et al system requires
that a separate additional quadrature axis "wi‘ndiné be
disposed in the exciter stator, such winding being uti-
lized only when the system is operated jin the starting
mode. The Messenger and Lafuze patents require that the
exciter stator windings be switched from a series connec-
tion to a wye connection when it is desired to utilize

.the main generator to start the prime mover.

A further device which eliminates the necessity
for a starter motor is disclosed in Glennon U.S. Patent
No. 4,330,743, which is assigned to the assignee of the
instant application.- A reversible AC-to-DC converter
receives external DC power and supplies AC power to drive.
an alternator as a motor to start a prime mover connected
the:eto.
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This system requires sophisticated current control circuits to handle the
. large currents that nust be delivered to the alternator to cause it to

. a8 a.hotor. Furthernmore,” in.the event that the alternator is a wound fi
nachi ne, the 5 field -w ndings nmust be swi t ched to a
different.configuration to allowit to operate as an induction notor.

. Disclosure of Invention The invention prow des a power conver si on system

ble 10 t hei '. t.h t
ohmverts ol cclPigaPTEsRE i g Bt T el SuRRAE FoRE A s eyt e,
a generatl ng mbde hameile rthdel xnge ecist Denty st kat deustope éleéatnelredl to tdre
from nbtive po%‘ce%%ﬁ'o‘ edcho%at\}%f‘e Pid ”@c@é/@ras' Q%Hﬁ%?g Wi"t'?agrmo e, in

dynannelectrlc nmachi avi n conmon rotor asse
prime nover, n&&fs easunutu &hagy "—thﬁeaé(*iﬁ#ﬁﬁtpét 38 asyompdy ffl@rldpmtmﬁ; fihe d

Cur[enfltOStPﬁngﬂPf”aﬁh?aQn gnd ﬂugentrsé C'é?ﬂ%%hé@r ?Hfonﬁi'caﬂfferent
contro Ing e | eren no egratli on O esyS em rel n.
305 2l 1gmr 34 tor

the means for SAREFEUEARG 1oR QPerAte A% A IORucE or MARAE «

. per manent magnet generator or PMG- the coupling between the common rotor

- assenbly. and t r l.5es a torque converter; and the control
- conprises, as Bﬁ r&0 6% 1hvEREiRR 25 conversion systen1|n the starting
nmode, neans fofrhcommmaeprsonreméesmaecnweml conversiont B¥sPRB towmhslee
the PMs t01BPef§ent?§h@: myt ogt@mh,gél Vi dle Wk O EEH rt@;teor%@ﬁééf@i

. means  for ermned operatin condi t1on ~of f%e
“mai n nachi ne; . Cﬁ@é(#é'tﬁore&ﬁﬁFyiﬁﬁlelR-Rﬂ?‘i c&F‘tﬁ’OV\E?ti‘Bet ROWRE ntRachiFaktt @

~cause it to Qpﬁf rdme a&v%zswhnon@ugeﬂefsemgemoabewaeedahe&mm%rﬁmrﬂdmg
condition of t es@%hpdg%% 5%% % ec r1caq power from motive power supplied
_ by the prime mover, including a main dynamoelectric machine
15 having a common rotor assembly coupled to the prime mover,
means carried by the common rotor assembly for providing
field current to the main machine, and a control circuit
for automatically controlling the different modes of
~ operation of the system, wherein:. '
20 the means for providing field current to the main
machine includes a permanent magnet generator, or PMG;
the coupling between the common rotor assembly and the
prime mover comprises a torque converter; and
the control comprises, as means for operating the
- 25 conversion system in the starting mode, '
means for coupling a source of electrical power to the
PMG to cause the PMG to operate as a motor and drive the
common rotor assembly assembly: .
_ means for identifying a ' predetermined operating
30 condition of the main machine:.
means for applying electrical power to the main machine
to cause it to operate as a synchronous motor when the
predetermined operating condition of the main machine is
attained:;
3s
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means- for di sconnecting the source of electrical power fromthe PMG after
(Rredet erm ned operating condition is attained; and neans for disabling
br/qgue converter to decouple 5 the majn "machihe from the prine *
until the predeterm ned operating condiition is attained and y
for €nabling the torque converter to couple the nmain machine to the prine
nover to drive the prime nover when the lgain machine is operated as a
synchronous notor. _Suych %Efower 10 . conversion_ system.di spenses with the
need for separ al&22§dit9% S?RQR%FE&m%ihgé PRULRE @fciSRECEriRRY &8
means for sérbamhithg PME dfivierdithgs pafedete randgiede rogeatateiory didriditeion i
configuratigg§aiggg, gggplex: current control circuitry. 15 The inventTon
al so provides a” nmethod of controlling the starting node of a power
conversi on syst @eroger&or edigabilingr thet 5PCANG MARVENESRi KOt EQVIRAS si on
system gonveheS ah£LA M1 GRlchIAEE! PR Mibeve PPYIRE ! tnovier I @n€R1PT ivHe
nover or in a generating node g&greln the,cqnvetgLonéggnﬁHndevelops
el ectrical PéRAetermdRedne oRSFAFdNFonSerdd ey iy Attaimet ARdr .£q%he
system i ncl ggabg ingnthe dyrayuweciceniverteradto rROUPIW the i wading to -
assenbly coypled via a_torque,_converter he _prine.nover, and. 25 neans
carried by gﬁ& c%'f’ﬁfg?‘n f"8'?’3% a ée ﬁ;yef O‘Fﬁgu%pﬁ’xﬂ?%gggyg?d wctlﬁr} egpet M
mai n machi naachdhediie) eperavedeas @aEwichporws onotor . PMSuchhe rpsivwed
conpri sihRg: Adi isng the, qug; er -dqGRUp heggmi '
fromthé%rf%?%g\l%& 38_95{:% g‘gh. %ﬁ%a véio%r"ce 0 g?g?t r.lfggl_%p%‘{% t he
PMG when t hadddtiendilorf i8Ad ewindinger dnecthe exnelisesst isgteddaa geange
the PMS 10 gBer algkridTHANP! Fidld GhiNgin§e COEMORNEO! Wx AR DINetween s
different configura:ions and complex current _control
circuitry.
15

The invention also provides a method of controlling the

starting mode of a power conversion system operable in
either a starting mode wherein the 'conversion system
converts electrical power into motive power to start a

20 prime mover or in a generating mode wherein the conversion
system develops electrical"pdwer from the motive power
supplied by the prime mover, the system including a main
dynamoelectric machine having ‘@ common rotor assembly -

| coupled via a torque converte:_:' to the prime mover, and \J

25 means carried by the common rotor assembly for supplying
field current to the main machine including a 'perman'ent.
magnet generator, or PMG:; the method comprising: .

disabling the torgue converter to decouple the main
machine from the prime mover:; _

30 coupling a source of electrical power to the PMG
when the conversion system 'is operated in the starting mode
to cause the PMG to operate as 'a motor and drive the
common rotor assembly;

_ applying electrical power to the main machine to cause

35 . . .



% : .
applying electrical power to the nmain machine to cause 35 -5- t he~makn
machi ne t.0o operate as a synchronous notor when the speed of the D
rB8tor' assenbly has reached - a predeternined |evel; disconnecting
source of electrical power fromthe 5 PMG after the speed of the common
rotor assenbly has. reached the predeterm ned | evel; and enabling the torque
converter to cause notive power. to be trankecred fromthe.main machine to
the prine nover to start the latter when the main machine is operated as a
10 synchronoutheomain machinepbecepecater 8soA systbrpnousr ohgrt whehe the
(invenidon is oggeghed o AfLar HofhoiPICrodde PHESEAEQUPIHAL { Or @aShbE Ce oOf
el ectrical power to cause the PMsto operate as a 15 tor and drive
the comon rBredetasndppdylevelyne pPMG continues to operate as a notor

until a predet erma&éceﬁﬁéaﬂﬂ? epedi dowrc@f ocEhe leitt itaahigtvds BEbRi EQ,
at whi ch pglnt tge Eourc of e %ftré;ﬁy power is glsconne%@ig bron1the PgG
and el ectrPcal PHSvRFtRE |$RRPG & SR FRERMENESES sBashZeRghs
machi ne to opethétepaedeteymihedndaselwtand After This 'synchronous
operation is achie g - -6 -, vert y. ; d,to
transfer power fro%ﬁgﬁégﬁgi%gﬁagéﬁgy%(f%qﬁgﬁﬁﬁﬁﬁﬁﬁmééﬁg?omgféggngﬁgg?'t%
latter. Once the friamfersedr firomtthe eBaint machiae tice the renimei nevey to
overrunning thgehpedhe OTYEELF" whel {H¥ SnBZh"macHife is operated as a

=

10 synchronous motor.
~ - When a power conversion system according to the invention
is operated in a starting mode, the PMG is coupled to a

source of electrical power to cause the PMG to operate as a
15 motor and drive the common rotor assembly. The PMG
continues to operate as é'_motor until a predetermined
operating condition of the main machine is attained, at
which point the source of electrical power is disconnected

_ from the PMG. and electrical power is applied to the main.
20 machine to cause the main machine to operate as a
synchronous motor. After this synchronous operation is

achieved, the torque con-
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spower conversion systemis switched to a generating node to dével op
: al power fromthe notive power devel - oped by the prine nover. ~
éscription of the Drawings Fig. _1, s a bl ock 'di agram of a O
pel ectric 10 power conversion sysfgem according to the present inven- °
tion, Fig. 2 is a schematic diagramof the generator, exciter, permanent
megnet gener aegftaequsng@tee%ﬁaaaéal £l drar iRy Iﬁo@éeclfrema%@mﬁﬁﬁn in
Fig. 1, 15 I's a bl ock diagram™of the generator cont rol

unit, or GCU Bashinente; ghelprlmg MVEE £0nISFAEHihe A peRRRR ng
-il \rNﬁu' L ry; Figrimel t%zoare‘zl omsdltsﬁﬂﬁa@.f Eu:ogiﬁvaF $i9the txﬁaﬂoxnaca@dt ﬁOfb@’gd
I C i n conjunc n wt e circuitr | e .spee
of the main nB¥ Fﬁ‘énng?gs trﬁ FREWe  GRR ﬁefg?ﬁeg d}%n%%és;n §$$§7 | ¥ %red
l'ines, t®Bget hpcwenrrpcnve:smnngyesﬁdmw.s:hswitdfxe@r tgr angengrat iing nede f or
cont rol | i ng 105, 3bgeiopnd g%m%%&e Seha" mbR8veY HolsS e il

Fig. 1, Fig. I"agram of® an aI ernatlve ynanoél ectri c power
conversi on syepeé Bycthe gzme mR¥egBresent . i nvention; and Fig. 8 is a

conbi ned schematic and bl ock dia- 30 gramof the rotating transfornmer and
highfrequeng uIs |n bl qck diagramformin Fig. 6.

Best Mbde for=%e RE - —Retets i ng-nowto Fig. 1, a

dynamoel ectric povver Contgnsuonisyat bﬂblcﬁtcldt&gsrau nagn aj)dsammiebéd:tzzc
T e e BRSE AR B0 MERERADS" ' B! BUIRE Frvenshe!

21, a torque
t:.on,
o

-

Fig. 2 is a schematic diagram of the generator,
exciter, permahent magnet generator and generator control
~ unit shown in block diagram form in Fig. 1;
15 ' Pig. 3 is a block diagram of the generator
control unit, or GCU shown in Fig. 1; |

Fig. 4 is a block diagram of speed-detect:.ng
circuitry; .

Fig. 5 is a flow dzagram of programming in the

20 GCU of Fig. 1 which, in conjunction with the‘circuitry of
Fig. 4, determines the spéed of the main machine;

Figs. 6A and 6B, when Joined along s:.m:l.larly.
lettered lines, together comprise a single flow chart of
programming in the GCU for controlling the start and u

25 generating modes for the system shown in Pig. 1; )

Pig. 7 is a block diagram of an alternative
dynamoelectric power conversion system according to the
present invention; and

FPig. 8 is a combined schematic and block dia-

30 gram of the rotating transformer and high frequency pulse
| generator shown in block diagram form in Fig. 6.




- a-prinme nover 24. As seen in Fig. 2, the shaft 21 is nmechanically |ink€g
each of _.three rotor structures 26-28 of the generator 20, an exciter 'l’
a& permgnent nmagnet gene: 10 . - rator, or PMG 32. The three rotor 22
structures 26-28 to- get-her conprise a comfolT rotor 29 for- a conbing
el ectro- magnetic structure 33 consisting of the generator 20, exciter 30
and -PMG 32. It should be noted that sone or all_of the PMG 15 exciter
and generator rBestsMage EBornCanyying [SNE REASIAR s gears, or other

yiog O} e
Contrelled by o generator oL aEE A e s el Lt g
‘gener ari ng n%de?gmier iAne syatem dnclyides 3, maipg défé*r’?\?& eﬁ't(f%??mtﬁ]ﬁige
power supplied Py &he FdrE dP\£rgéferatot h20t which dsnwaupdedXhrough a
orque conBer t cARBSE 2m & SnadR St Ehief ¢ EarR” Secehd M 23k
25 . aVpedmehmoverbi2ded el ectromagnetic structure 33 operates in
the generating node, m)ti§§ BRUWR" inS FR\RPI2 CEHd 'gHLEL (I Bakdchdnicallyrn
-~ causing the comon rotor 29 to rotate relative to a stator .355 ogathef PMC,
32, An al- terniipkgdyiq agachs fevEhEEed TLIF nILTYSTHEAR n?PTig8 30
ol 20, W IngHracak a9 e unurad clecand 1 mmpme gm0
uindings 1R a oFaEGEaoTPiheItre Bhe sgiee Tobdr FrtuRrte 2820, so-
structure 27  geichbirncomprimenat iconfticnl okmir (B9 fox he conbired ehechro-
Fécyi f1od by a PERRPEYS refFRbrdPelBETLARISIGRL IO oo NatRarttdr! 20,
applied to fiel exmiterndd and PMG 32. :
It should be noted that some or all of the PMG,
1S exciter and generator rotors may be mechanically linked
by shafts, gears, or other forms of linkages, as desired.
The combined electromagnetic structure 33 is
controlled by a generator control unit, or GCU 34 to
opérate in either a generating mode, wherein electrical
20 power is derived from motive power suppliea_by“the prime
mover 24 and the torque converter 22, or a starting mode
‘to provide motive power to the prime mover 24 through the
torque converter 22 from electrical power suppliéd by an
external source. '
- 25 " When the combined electromagnetic structure 33
' operates in the generating mode, motive power is suppiied :
through the shaft 21, in turn causing the common rotor 29
to rotate relative to a stator 36 of the PMG 32. An al-
' ternating voltage is developed in windings within the
30 stator 36, with this voltage being regulated by a voltage
- _regulaﬁor 38 in the GCU. 34. 'I.‘_he ocutput from the regula-
tor 38 is coupled to fi_eld..windings' in a stator 40 of the
exciter 30. Rotation of the exciter rotor structure 27

(0]
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5 the main machine rotor structure 26 to set up-a main ma- chine

>fiNc field which rotates relative to windings in a stator 44 of

gepreylaj pbr 20. The windings in the stator 44 dewvel op’pol yphase AC po .
%C power may be sensed by the GCUg34 to-control main generator field ™

“value. Referring again to Fig. 1, the polyphase output fromthe generator
20 is couplwithinotple amagmdteid ofidldt set b.lp dbg rude i¢uerentr dm ttHld which

volts pC | ifEindnoP REe eRbEeRE BoARbr 40" c3B80S hdrRtton SHARST, 21
devi ce and péwemgwhicht ist cectdfiadl by aoratecing- pectdfien gimmind a
DC-t 0- AC- '§2°1  fhe SRacti bl gewgg A0 Pled 2e0 CLIUTA! WildAnG 1ol -DC

to 28 20 vol t IS CO oug contactor D1 to an out put
devi ce3 ThethéBainmag é&?el%ﬁ(ﬁﬁq%‘i‘&rﬁ rﬁ%e‘-‘"pﬁSGeuRC‘p%“ VMTh is

-connect ed éxhiﬁwghaﬁneeabacﬁmmnﬂcnnm Geelaeivdheo w&mgé4 i's

- al I h h di f h
PG 3210 cHbrat SERRBERAE RF A0 SFACRATE: 20 noPBecandRran 13 it 1

shoul d be rmtenbr héd - dhvelapepbé.wphm AQC powera | This adr rpmtezhamyl ng
Cvont | on’ A8 98AEeg ByDHE G 3] G ool a B RIS | 1 gn
propck@i on efciatirrsand 'e’eﬁﬁabxdmmpﬁam o8I genBraA ey epRtpuktatiar 50
recei ves exddéx¢rdlréd Peatael hrough a cont ac’tor Bl. - The output of the
I AR (7 S I T AR O NN
stator 44. from the generator 20 is coupled through a contactor Al
to a bridge rectifier circuit SO0 which converts the AC
1s power into DC power Of a specified level, such as 270
volts DC. This power may be coupled through a cortactor.
Cl to an output device and through contactors C2 and C3
to a DC-to-DC converter 52 and a DC-tc-AC inverter 54.
The DC-to-DC converter 52 converts the 270 volt DC to 28
20 volt DC which is coupled throu‘g‘ﬁ a contactor Dl to an
output device. The inverter 54 develops 400 ‘hertz three-
phase AC power which is connected through' a contactor D3
~ to an output device. -

_ The inverter 54 is also coupled through a con- =
25  tactor D2 to the stator windings of the PMG 32 to operate
the PMG as a motor, as noted more specifically below.

It should be noted that the inverter need not

have a large current-handling capability in order to

- perform this function, and hence the present invention

30 may be utilized with those systems designed to supply a
high proportion of DC loads as compared with AC loads.

The bridge rectifier 50 receives external AC

power through a contactor Bl. The output of the recti-
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The GCU 34 senses the position of the, conmmon 5 rotor by neans of a
- magnetic pickup unit or MPU 58 or sone ot her neans of senS|ng rotary =N

ﬁ55|t|é2 shown schena- ticaldy in Fig. 2. This position sensing is u.fgi%?
in the Starting node, as noted nore specifically hereinaf- ter. 10

The GCU controls various devices in the sy$temshown in Fig. 1. For

. exanple, the contactors A, A2, Bl, C -C3 and DI-D3 . are all controlled over
. a series of lines 60 while the DC-to-DC converter ~-52;, inverter 54 and notor
control 56 are g€0atr o eﬂsov:eupaeaertesaofmd»t:msceatrbri Ieircyddi Siéon, the

power.for the varjou e f vigde n
© The CBU 34 cont?'d#g ?h@ h&lg Q é%%?éc?%h%g ?neag g?ggﬁﬁgﬁggg‘?t%
structure 32 |nthethendthQSSnarth#g999@6i§°qlﬂ?%ﬁﬁﬁﬂ%&ﬂng nmode in

. accordance with 20 an o Ea 6540@8% OKRE pdgitd dib. othhTeorémﬁnon
converter -22 is controlle

GCU 34 over a fill contro | 6

control the tra§§t°FeR¥nc‘Ee%¥3 nﬂlfl e BRABPERS: RAFKYR Y Ebﬁb dﬁgpe tro%g-
nﬁtiCfstructurgsSﬁeaathFemaeneeomotems&ﬁg rotaryCposititn shnwnn schema~- -
this function rolli n C [

t hrough i nl et a giVel"nl ?’Eﬁg ﬁgs?g%§§e§§§ﬁ\3’é§] %ifolf%ée#j ?%r
t he conbi ned eleheramm;txng:mmdqctasenﬁtad)m@eﬂaﬁ@QQ$ﬁﬂﬁ?kﬂxuh$¥©1%%§E,
external AC 30 reBOVEr may be supplied through the contactor Bl and the
bridge rectifier 50 or DC power may be supplieg-thrqugh .t he contactor

Wien a si dRal is transnitT88 G&&F FoRtIOLE ¥arigus,de Hﬁ%?(éﬁJ?QPc%ﬂﬁﬁ
‘the starting nbgdgown il FAQL. aqnt Mrore:ahp]repmﬁac&attﬁtossc&meuz;031,

_cbnnect the eXtSE-ég B 9?51-%3tg%é'2ilwé%hé¥%lle &é?*ﬁt§£r§es of lines
60 while the DC-to-DC converter 52, inverter 54 and motor
‘control 56 are controlled over a series of lines 62. In
15 addition, power for the various components of the system.
is provided over lines 64.

The GCU 34 controls the operational mode of the
combined electromagnetic structure 32 in either the
starting mode or the generating mode in accordance with

. 20 an operational command over a line 66.

The torque converter 22 is controlled by the
GCU 34 o#er a £ill control line 68 to control the trans-
ference of motive power between the combined electromag-

N netic structure 33 and the prime mover 24. The GCU ac-

' 25 complishes this function by controlling the admittance or
escape of hydraulic fluid through inlet and outlet lines
70,72 of the torque conve:ter.

In ozxder .for the combined electromagnetic

strncture 33 to operate in the starting mode, external AC
- 30 power may be supplied through the contactor Bl and the
bridge rectifier 50 or DC power may be supplied through
the contactor Cl. When a signal is transmitted over the
line 66 to cause the GCU to command the starting mode,



ed by the GCU 34 at this time and contactor D2 is closed so that

the' ter output is appliedtotheS stator of the PMG 32. The

in 54 devel ops a con- stant volt second/cyclte waveformto operat@he -
P “notor. At this tine, theGCUBA%nptlesthetorque con- "verter

22. decoupl e the prinme nover fromthe PMG 32. The PMG 32 drives the

conmon r ot or I NnCreasin speeds. Wen t he conbi ned comon rotor
29 reaches a s%%%eﬁhFEHtﬁEFgF B3l SFMAMFIFLRF CERLsCLOfEE (4P (SrRANRALY
control circutke5éxkgrhad Wezelmttbéagn&@r&ef:ofw of rthée m@e.-rt@t:orséo

contactor b2 o REDEERTRY, Epe 0CHCSE] aE A% Eime: 47 SRAVASHAY B A

- windings to reckdsedp@cer thatmthe iovertesntouvtputrcist appliBide powethd rom
the motorscontéeaest! o8 lemd FHESS2. NOrNE 2nURBERRES 20 ddv@Ebn@® 2% con-

synchronous notor. tQrque converter 1S t conman to f

with oil and o$F3RE nﬁ???esﬁSRéﬁ/FUCQS wagiefiorm &P feperahe éhsmPM@mg} a

netic struct urwo%:tﬁ Ahetaﬁ.smmertl% GEMCP4 t Bfp ?%b@tgigvgocon\/é;?orgﬁe“

started, it dr] g er tor verr.unnln e u -

ter 22. - This c%’g%ﬁt gﬁ %%‘apgﬁ fr"&.%‘%v VeFe %nglb? MG \WRch

~in turn causesThee PEGU 32 t@rnnesl cthee t loomener zbitoy nRde.aghiindreasing

acconpl |%ed % ing the contactors Al, C2, D and D3. Referring now to
t

Fig.. 3, ere I's i11ustrated 30 in block di agram formthe GCU 34 shown in
Fig. 1. The GOU 34 inclkea Fhgnepmbiped,ocemhonr oroteres@d seachesh a

communi cates vigded mmhyfﬁrﬂﬁlaaﬂﬁuiaéi%tlﬁw l:h é‘ﬂéétégé ﬁl Ehe
respectlvely, over_ data .and ad ressitbug(és b he baeckneréolrectronlxancnetfg a
read only mendiSEC%r SG% rcu y t g |
force of the generator 20, the inverter 54 is discon-
15 nected from the PMG. 32 by opening the contactor D2 and
- the contactor A2 is closed to cause the generator stator
windings to receive power from the motor control circuit
56. The power from the motor control circuit 56 causes
‘the main machine 20 to act as a synchronous motor. The
20 torque converter is then commanded to fill with oil and
allow motive power to be transferred from the electromag-
netic structure 33 to the prime mover 24.
Once the prime mover 24 has been started, it
_ drives the generator 20 by overrunnzng the tarque conver-
- 28 ter 22. This condition is sensed by a prime mover speed A
sensor 74, which in turn causes the GCU 34 to initiate
the generating mode. This is accomplished by closing the
contactors Al, C2, D1 and D3.
Referring now to Fig. 3, there is illustrated
30 in block diagram form the GCU 34 shown in Fig. 1. The
GCU 34 includes a general purpose microprocessor 80 which
communicates with a memory 82 and input and outpdt cir-
cuits 84,86, respectively, over data and address buses

- e e ——— s+ -



whi ch stores the control program and constants used dur- ing the course of
the control program The, menory 82 al so includes a random access menor \
or- RAM 91 which 5 stores various internediate results, flags and ti

used during the control pfogram The input) circuits 84 interface bet

the buses 88 and the input signals. The input signals in- clude the

operational conmands over the line 66 and the 10 output fromthe prime
‘mover speed sengpr 7 | S Om@mbl! @QdR MRlget e
| Y nefhe by f iides E3pER ShayCndnbil) 0

under st @ndi ng
clari tEF»/ The owhigh csteres stBe cnn&rﬂk@%ﬂ%ﬂ&%@‘i@*—‘%ﬁ%eBSSQ 0
various out put S, éUEH 2%:dulse t 8FdUhe OBon¥ b1 Cpridddaont Thle qwaﬁoéﬁeelzl ne

.68, the generato fle d_control tromthe rectlfler clrcuit %3& $ GCS 34
and the cont act®¥SQoARFIRAESera { RANAPR: AL BLMOSYal OFit ?

out put cirguit Hfords vdﬂ‘ddﬂexﬁﬁﬂedeaﬁdtﬁn/ ﬁééuk?ﬁgzrw@r?gndﬁfnﬁmers
‘operating an inverje ntr ate_contro e inverter
.control 92 and ‘i,\ %‘lﬁ#}%la?ﬁl ‘F%’éa%:?/g gf%%ﬁﬂ representing rotor position
-and speed of the conbi nedrhe ednpatagrdricuisisr ugé urinGsrfacen tetwean 58hes
shoun 1n PO Dused a8 OB end24Rful’ SN | OfRb 3 agngtgv§i§ﬂafw gl ng

signals for switches In t e inverte m)tor contr aSed ypon the
comand si gnal $lRde thecopesagionad ﬂ%"&ﬁﬁal%"ﬂ'oﬁpﬁhé% apdf &he ng

~now to Figs. 4 Qbdt £h6methe Idﬁm mover! speed -BuiEor 074 der ehag Am-
I ndi cati on of rotor sggedsas n FIg@&i& th%%sé%ﬂ@i %ron1thes¥P 8 |s
ng_/lfled by a4 PFcPIEE2 é‘ n@P%f 8t purassE |
reduced by a(ﬂaﬁdehéypmesannuinﬁémtxon are not shown for the sake of
clarity.
, The'output circuits 86 interface between the
:15 buses 88 and various outputs,'such as the torque con—‘
verter f£ill control over the line 68, the generator field
control from the rectifier circuit 38 in the GCU 34 and
the contactor control over the lines 60.
_ Additional outputs from the output circuit 68
20  include speed and on/off command signals for operating an
R ‘‘inverter control 92 and a gate control 94.
The inverter control 92 and gate control 94
receive signals representing rotor position and speed of
W the combined electromagnetic structure 33 from the MPU 58
25 shown in Fig. 2. The controls 92,94 are conventional and
develop switching signals for switches in the inverter 54
and motor control SGIbased upén the command signals over
lines 96,98 and the signals from the MPU 58.
Referrzng now to Figs. 4 and 5, there is illus-
30 trated means for deriving an indication of ‘rotor .speed as
seen in Fig. 4, the signal from the MPU 58 is amplified
by an amplifier 102 and the frequency of the output puls-
es is reduced by a divide-by-n circuit 104.



The 5| gnal fromthe divide-by-n circuit 104 is gated by an enable, signal

(ke mcroprocessor 80 in an exclusive OR gate 106. The gate 106 '
ORs an in- terrupt signal which is coupl ed over one of the buses@ 5~
m croprocessor 80. The length of2tinme between consecutive pul ses in
t he gnal .fromthe gate 106 is tinmed by an interval tinmer 108 and this
information is al so coupled over one of the buses 88 to the mcroproces-'
sor 80. 10 ' Thef eignad foom che gd:szqbeegyammngcmtt H&4 is -

' tgLmNes 1 h r t
PSR, gk P gendlch 0 U
enabl e si gnalamhestiluslveuﬁlﬂecga@ t h@é excﬂ'bsl BateRr e edEUS Opggang in—

enabl e 15 e L I, | Snglcaer ehed buswy gy :
gate 106, a bﬁt'éoﬁ&gy §§%na Eihheﬁgfﬁoo ti rred@rbe?:\%\\hegg conseci_{lve ul ses

from t hed gat et@ 0&hes %?E?Pr%’ﬁﬁﬁ°5y &4 t Ther Lengt t htmeete r upt
i s generat ed cod@cktibe pulbes e:Bﬁlsthlae stghalurfaicnonthé tgate [ £06] is

between conseciodiye Al Sea LEOM ! RLER 08 108 ufy bl egkolRleLlgn com

putes the spe ween. succes-~ Srve pal

pul ses accor eakgotmumbeéqgmroqnepgﬁdthe[ buseswB8r oK the atmqames-%
The MPU i s th{gkda@abl ed until the next speed sensi-ng function is -
initiated. Referrin there|S|IIustratedthe

g now to Figs. 6A and GP
prograrfl ng cont ai ned .%ef%rhgm FPWf £30 Figt-nd GCPregragming ihe t
oper ati onal m&:éﬁrémwﬁblwdﬁm&umnwec apeuat uoe %eT%mrol
begi ns at _a blocl 139 WOLEh SRI'S§0ahlEs T8Ye 1O b ehEC 1208y 3 1)
‘Fig. 4. A block 110 generates the enable signal which is
coupled to the exclusive OR gate 106, Fig. 4, to enable .
15 the MPU 58. When the next interrupt is generated from
the gate 106, a block 114 reads the length of time Ty
between consecutive pulses from the gate 106 as deter-
mined by the timer 108. |
_ When the next i_nltern‘;'pt' is generated a block
20 | 118 reads the ne:_:t, duration of time '1'2 bef__;ween consecu=-
tive pulses from the OR gate 106. A block 120 then com-
putes the speed based upon the ‘durations between, succes=-
‘sive pairs of pulses according to the equation '

Speed = K(—-l-—) where K is a constant. W
'1'2 - 1 St

The MPU is then disabled unt:.l the next speed
sensing function is inxtiated.. :
Refe_rr:.ng now to Figs. 6A and 6B, there is
illustrated the programming contained in ‘the ROM 90 of
10 the GCU to control the operational mode of the combined
electromagnetic structure 33. '
_ The control begms at a block 130 which senses
the mode command on the line 66, Fig. 1. A block 132

25



then detegm nes whether the generate or start node has been commuareded -
the bl ock 132 determ nes that the start node has been commanded, a bl/OgZk
134 opens the cont actors Al ; +A2, C2, Dl and D3 and the torque co
i s drained so that the COnblned electronag_gtlc structure 33 is not | oaded
by the torque converter and prine nover 24 A bl ock 136 then cl oses the

contactors Cl, C3 and D2 so that external power applied to the line 53 is

10 coupl ed t GHdif a&&sﬁfﬁeé“@i@{:ﬂﬂe ehé P den@iratee 6PV@tadt Sdodé has

coupled to the stator of the PM5 32. The block 136 al so actuates the
i nverfer controlPSRR SRABARGRSS g. 3 so that AC power is delivered to the

PMG 32. It should be notedf rtﬁé]ﬁamtlmadeesmmek that thewstart mode

coupl ed through.the brldge re e [ a '
than the cont actl}?r ?\%m‘gﬁt‘%%é 1?6%%2‘ %rﬁé§%4§%ﬁpg ﬁggéggg(%ns dnt
volt sec- dnd/ cy‘cZ.e membrandn PA aundr ¢he mcmcmewg:qmremeatesmeazged SPVG
as a notor. lelﬂg PeheOf cdmindy €'d r?eﬁ’fé s'ﬁll?."&ure 33 is not

frequency/varla e voltage waveform | |ned GCU as .a function
of the rotor podiqadad &Ry tHhe ?qﬁﬂqﬁﬁ?gﬁﬁﬂﬁFéﬁ ﬂﬂﬁlﬂﬁﬁ?ﬁoWﬁHSrtG the conmon

Irotor IL ShOU||d be noted A nblbér megarthémbaélébgsPPdﬁeBkafa&ﬁbw €k, c3
arger than wou eces were it .o be use [LOVi

cur?ent for the a&iﬁ?grs'\%oésﬁ)&t ﬁé‘[tegﬁ’fafll p%‘f%’ﬁtaPB é %gn gg%é aséd "tso
drive the ldonmorcougled 20 the Speectert Sheandfhheleutpen dét shei dasexse30
noted in CO“”GC@P @ﬁé& £4 ! été’QQ:CQEtf:ﬁb ?ﬁ#SSE “”Fhla l:'i‘?:cip*i%‘%

Q?/the rotor excee Ir st redeter- m ned va ue Is a speed
whi ch the SCRL?QrﬁQ#R#?ﬁE FheoAPVGFtéanQQ§ﬁﬁﬂinﬁ tERPWR iReFhdek 3EM0

that AC power is delivered to the PMG 32.
| . It should be noted in the event that external'
15 power is coupled through the bridge rectifier 50, the
contactor Bl is clpsed_rather than the contactor Cl by

the block 136. |

The inverter 54 supplies a constant volt sec-
ond/cycle waveform with current limiting to operate the
20 PMG as a motor. The output of the inverter 54 is a var-
iable frequency/variable voltage waveform which is timed
by the GCU as a function of the rotor position so that
the PMG supplies maximum torque to the common rotor. It
should be noted in this regard that the PMG 32 should be
25  larger than would be necessary were it to be used only to
'provide field current for the exciter 30 so that suffi-
cient torque can be generated to drive the common rotor
29, : o
| ‘The speed of the rotor is then determined as
30 noted in connection with Pigs.'4 and $ and control pauses
until the speed of the - rotor exceeds a first predeter-
mined value. This value is a speed at which the SCR's in
the motor control can be commutated by the back EMF of



t he ggRexator 20, and may be, for exanple, the speed at which the generator
devel/Op 70 volts zero-to-peak back EMP. Once this level is achieved,

2, Fig. 6B, closes the contactor A2 and actuates the notor cont

56 5 o that the generator stator 44 receives power fromthe notor
control 56. As previously nentioned, SCR&+iT the notor control are
operated by the gate control 94 shown in Fig. 3. Adelay is then interposed
in the control pro- 10 cess by a block 144, follow ng which a bl ock 146
opens the cont &beorgeBrezakPxii 30| a8d may R@r t EPTc e¥%ampLey) Wtﬁﬂ?eﬁoﬁ

S no | onger syldie bt ddifeFdEDB2abVelbEsl DTOT WIL G 2dkot bbspeaNtha

mai n machine 20 1s oper- at ed ai iync ronqQus tor. %f?ﬁt}éogg 14 |ss s a
com 15  mand E#Fgnal OnRRrthig feWeisads; 4 g‘gﬁé‘@ thé t fve :
fill with oil m@sersart&feercanﬁammmmram amaesretnevnotat c6hd::pt1| ss

e et PLRSIerifh e UG $R°GLREvele A

el ectromaghet i e .pri-me m)ver lHashﬁeen
started and hascgor efntagler 36 i ngASppseVioNs Lyr imenthoned dr$CREst An the

combi ned el ect pAIRANEldie AL USENT SpbtUE 'BYNLEE Gt UAHIErSONYET Lhowh?

At this point, an _external control "or a user” may conmand the generating
node over the &@n¥Fi®s 3.mand line 66, Fig. 1. Control then branches

thr;)ug[l t he blclockzI 130d132 d@lgy biQCkh654a.n|1_-J§¢tpo§[6}$ T;![;}e bﬁeckgﬁﬁﬁc?pgt?-al I
cont actor,s, and redu an - i,SS Ry Qr er. to
Fi11 wi t 00| CBS ¢ jé‘? alieHing, hnigh A Block 3t86" dpens,

speed of the c&hnnmonﬁantdr)DzAahﬂodisﬁb&aﬂuﬂhekinwemtns abatbol SReso .
P oo e o e PR R SR 1ERS. | A e VBT LBRGESEP T the
nover inverter 54._ At this tlme, the main machine 20 is oper-

ated as a synchronous motor. A block 148 issues a com=

15 mand signal over the line 68 to cause the torque conver-
ter to f£ill with oil and transfer motive power to the
prime mover 24. The przme mover is subsequently brought
up to starting speed by the combined electromagnetxc
structure 33. :

20 " Once the prime mover has been started and has
achieved operating speed, 'the prime mover drives the
combined elect:omegnetic structure 33 overrunning . the
torque conve:ter 22. At this point. an external control
or a user may command the'genereting mode over the com- o/

25 mand 1ioe 66, Fig. 1.  Control then branches through the
blocks 130,132 to a block 154, Fig. 6A.
| The block 154 opens all contactors and redun-
dantly issues a command to the torque converter to £fill
with oil. Control then pauses at a blook 156 which sens-

30 es the speed of the common rotor 29. A block 158 then

' determines whether the speed 'is above a second predeter-
mined level or value. This second predetermzned value is
the speed at which it can be ‘assumed that the prime mover.




24 is driving the generator 20, and not vice versa. |t jis necessary
make t determ nation since the branch- ing to the bIock 154 fromD _
Bl ock 152 may have been due-t'o an external start nobde conmand whi a.'m' '

initiated 5 prior tothe-tinme that thejgri~me nover 24 was overrunni ng
the torque converter 22. Accordingly, this block insures that the voltage
regul ator 38 renains disabled until the second level is reached. Once the
speed of the coggofsr @eavihgs thescferidratornb2oe and sfmtomlxpeedeursam nerk

I |-, I bl ock 160 bl
the G so thati DatERErar? £ corfiectnds: HatermigReh ihoec A it
30. A del ay i s imgposedthey }aldwlock5462rom phenbﬂ.ochelgénmm daveubeen due

stabi | i ze. an- ?xt%@.mogla @ 3&&@%}& hGngeR! a«agr&n‘gm‘%@nd

C3 and enables ??ma conver nverter 54 ay |s
t hen i nmposed byPRLOF otk the time FWtPBﬁsPEF\FS BRVEEd 28y WAS: SYETFRinG e

Clonvertf[] 52 a{lﬁaét NYS¥Fqeé Sdnvérees wtt ﬂ@cordzng-lxc thid blleek J:.G&(;iﬂw
cl oses the contactor 0 .t hat ove \i
energi ze appr op’i ak et%ﬁtﬁﬂﬁagﬁl cegu i&’ﬁ‘?ﬁ"’ |§§sfﬁF8§gﬁ“§ e&‘

bl ocks 170, 172 sexond alewealk nhangachedcomrand ed 25

Referring now to Figs. 7 8th heg & bl L& t&éfnﬁgn QQ' P n
1 Q. eﬁ?%c?h g

't he enmbodi nent shown in e ex0| 'S replace
rotati ng k@ ansfahone she rﬂﬁ,qqffd epredeeemiasé' viﬁ‘(ﬁhl pﬂé’w‘t@eblﬁmal A ﬂleQQit

cur- rent fortiEhEEH&BE&QVO§Oadid¥¥¥HStHQ”VB!tEQeHﬁB§th€3k 38ndn’ @&
assigned like reference _nunerals. ut AC power fromthe inverter
‘)Q
.08 erovided

dotipled to a r QY 1P@r thas DG power t¥hgtRRe BERERT gl:.ndr)xngs
of the exciter 30. A delay is imposed by a_block 162 to

| permit the generator output to stabilize. _

15 ‘A block 164 then closes the contactors Al, C2

- and C3 and enables the DC-to-DC converter 52 and the
inverter 54. A delay is then imposed by a block 166 to
allow transients caused by actuation of the converter 52
and inverter 54 to 'die out. :

20 A block 168 then closes the contactors Cl, D1
and D3 so that DC and AC power is provided to energize
appropriate output devices. Control then cycles through
a pair of blocks 170,172 until a mode change is command-
ed. |

25 _ Referring now to Figs. 7 and 8, there is illus-
t?ated a modification of the embodiment shown in Fig. 1
wherein the exciter is replaced by a rotating transformer
and rectifier circuit 180 which provides main field cur-
rent for the generator 30. Elements common to Fzgs._l

30 and 7 are assigned like reference numerals.

Output AC power from the inverter 54 is coupled

to a rectifier 182, Fig. 7, and the resulting DC power is
connected to a mid-tap of a primary winding 184, Fig. 8,




ed to a md-tap of a primary w'nding 184, Fig. 8, -16 - of the
transfornmer 180. The ends of the primary w nding of the rotat
rmer 180 are connected to. fi rst.,apd_second transistors Q, @ h -
turn operated by pul se width nodulation, or P\M logic 186. 5 The
transistors QL, Q2 are alternately operated to connect the ends of the

. transformer prlgrrg Cjtgé}:alttgil%l%sf‘gy {.rmlstﬁgeomgtbgnthgsgktj_ﬁak{} an

alternatlng tra ormer, in turn causin

al ternating cmndtmgt @ﬁarﬁi@%rr@haﬁigﬁc&ﬁénﬁf-ﬁm& 18D ATS h‘é°‘??§ﬁ§ed16°"
former 180. hgedl t §hAA14dW0AAI lind Ssticd | D1GG2 NWhithCtafe erimi Lapies

188 and is supplied to the nmain gen - to leld wndin h
The PWM | ogi c opgEiadess BY muise: rgélagﬁcwq L‘ﬂ"’o%t h&e% o?wé %ﬁ%ng?gmer
to be of ssmal Irhal 2¢anBistdrs Glyaditaré gbvernaieélycoperatedhsof cohdect

k3

Taring ine dubhendk o HE PraferBthet” s Re rothasy, Mudndu

fiel d command tmagrsa]sﬂommpaeamow@tsqlms cbmyent eﬂfl‘%,QiFE#%l-ngl Rragnexico
regul ate gene teq_r %HPE&%T 20ran¥8bifee, in tubh cdididf ad. alterfaRawny
ra

conver si on em ope In either a-star no ei the :
conver si on sy%ﬁ%v@tépﬁPé& AR $RGRRD; M g-Bgﬂ'ﬁﬁl S@%Ih?\é 8 &EAREa
prime maer 5forgler lDsa.gem{eatanﬂerﬂﬂﬂﬁngwﬁwwdnttbs mmrﬁlem inyst em

develops eleCE@éiz:ﬂé?“ﬁzré&%Qrggé Qofgrs&HBfké&dtgytthmaxn genera-
' tor field winding shown in Fig. 2.

The PWM logic operates at high frequency to

allow the rotatlng transformer to be of small size. The

1s amount of power delivered to the fleld winding, and hence

the generator output voltage, may be controlled by modu-

latzng the duty cycles of the transistors. The PWM logic

may receive a field command s;gnal from the GCU over the

converter control_lznes 62 to regulate generator output
20 - voltage. |

o
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prime nover, including a nmain dynanDeIectric na ' ' a common rotor

assenbl y coupled to the prinme nover, e conmon o‘hr .
&ssenmbly for .providing field 10 . current gﬂg |ne, an ntrol
circuit for automatically controlllng t he *di of ope n of

the system wherein: the neans for providing fleld cdrré&nt to the main
machi ne i ncludes a pernmanent magnet generabos, or PM5 15 t he coupling
bet ween the ¢ rotor assenbly and the prine nover conprises a torque
converter, ang=te=cont r ol conprises, as neans for operating the conversion
systergr n thel starti Ag power neansefsionoupyshema cperakzlef il eetitheal a

power to the 20, asse‘l_\n/ﬁ?élo ﬁggée Erﬂ‘érgl}(ﬁ t@r%%oer@&,ﬁ,eﬁﬁfm{mtgységg déb%{g e B8

comon r ot or erm ned
operating corfitesonieal H@Wﬁﬁr rrnﬁecmteivmmer oﬁ=°ar?rﬂasﬁqqg3 epéémeu Baver

power to §he g@i nigraghi §6n85at§.ﬁgcarh'6&el lwHeéx &P &R a&oﬁv&!@ﬁ'&rnonggﬁéﬁt or
when t he pregi §%£1ned gerat condition of the main nachlnﬁ é t aj ned;
means for SR ﬁf ROWEL FERR PRELVERRYEF  BHPPhAe aFPEr

él he Elredet eL np nixte apevet | npnehwdiing om ms;BOdyﬁanoeBdctnmd mahinéohavmg

I sabling t & t c rt

orime | mover @ ApHen; ROES Saddhuly CHBLE18a 7 Lo hHE, AEM Movel o helRS
for enabling eaeried qby cﬁi'm/ecoamono rohqy eassembidyn fm;crpmidnm@ fikdd
prime movey gy fedye e eaerr%namrehawﬁ&aet hea i ™ MBERLRSLI S ORI AL e@oS 2

synchr onous not or . ower- conversj.on systenraccoré: to c?alm
1 mhererntfﬁ???ﬁ#ﬁ}¢§4hﬁ ﬁﬁﬁﬁ§°1ﬁ&PEdé?emﬁﬂﬁﬁqqﬁnﬁuﬂﬂﬁ?ﬁ of operatlon

of the system, wherein:
the means for providing field current to -the main
machine includes a permanent magnet generator, or PMG:
15 the coupling between the common rotor assembly and the
prime mover comprises a torgue converter; and
the control comprises, as means for operating the
conversion system in the starting mode,
means for coupling a source of electrical power to the
20 PMG to cause the PMG to operate as a motor and drive the
common rotor assembly assembly:
means for identifying a predetermined operating
condition of the main machine; '

(L ' means for applying electrical power to the main machine
25 to cause it to operate as a synchronous motor when the
predetermlned operating condition: of the main machine is
attained;
means for dlsconnectlng the source of electr1cal power
. from the PMG after the predetermined operating condition is
30 attained:; and
means for disabling the térque converter to decouple
the main machine from the ©prime mover until the
predetermined operating condition is attained and for
enabling the torque converter to couple the main machine to
.35. the prime mover to drive the prime mover when the main
machine is operated as a synchronous motor.



th ed of the conmmon rotor assenbly and neans for deternining whet her
th ed of the common rotor assenbly 5 has reached a first

pr er iri ned val ue. 3. - A power conversion sys ‘claim32; =
wherein the speed sensing neans includes a nagnetlﬂm"mmmﬂ”ﬂm , whi ch '
devel ops pul ses representing the rotation 10 of!th® conmonnro ssenbly -

and neans coupled to the MPU for derivimg!&n—i ndi cation of common rotor

osely SPeeg [T om AN SpdE: PlifRecdon  syRtBAIChERRNERS| Wb *Xa

according to tlaim 3, Sheral h mean ez neans Tt of %
i ndi cai ng t hevhergin ¢met|n@emﬁmmg smgsmecmemumsess gor senspoiBr

conver si on sygggm g he-! Bbiindn WESESED dd¥edlsT] vidies MRS LELRCT

i ncl udes neans coupled 20 to e indicatin ans utlng connon

rotor assenbl §eEpERininRgnyiaEBESstRE iSRRG ?Qﬁmﬁ?@m%$ FPRRL @ssembly

power conyer shfd py¥s&ERERECLLLEO0pt@det@tMidedWigleen the deriving nmeans:
further includes neans coupled 25 to the indicating means for conputing

common rotor assenbly speed according to the equation Speed = [err] where:
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for deriving an in 1cat10n of common rotor assemb speed

from the MPU pulses. : ' o »\1/

4. A power conversion system accordiné_”tb claim 3,
15 wherein the deriving means includes means for indicaing the
length of time between successive MPU pulses.

5. A power conversion sysﬁem according' to claim 4,
wherein the deriving means further includes means coupled

20 to the indicating means for computing common rotor assembly
speed from successive indicated lengths of time.

6. A power conversion system according to claim 4,
wherein the deriving means further includes means coupled
25 to the indicating means for computing common rotor assembly
speed according to the eguation
Speed = K(T_z_:%—)—

' whele: K is a constant;
T, is the length of time between af_
30 first pair of successive MPU pulses; and _
' T, is the length of time between a -

second pair of successive MPU pulses.

7. A power conversion system according to any preceding
35 claim, further including means for selecting either the
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5 8. A power conversion systemaccording to claim 7, whereip-Tt
generating node initiating neans includes nea i ANy Whet/liey” the-
.8peed of the common rot'or assenbly has reachiml"mﬂummmﬂl;ﬂ termn gxvel
and nean for actuating the-field current suppglytneanst afster the 10 Sécond
predetermned | evel is reached. 9. A power conversion system according
to claim7 or claim8, wheein the neans_fpg§ providing field current to the
- mai n machi ne includes an exciter and wherein the 15 control includes a
vol t age regul geRerabipg e®hestRthinge modasanadft ppenatiiany apdr Agans ofor

deliver regul g4 edi ol h§IEhkO deh@ rAXAinE modd dwvhBf BBRRS nidde | 1 t bBERYelNE
~‘gener ati ng node_when sug I s, sel écted and the prinme nover has started
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current is delivered to the main machine so that the main machi ne devel ops

el ectrical poyer. 10 A nethod of controllin he rti mode .of -
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conversi on sybéreinothergenepiatingimodepiniétiatingnpeans poodudes means a
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el ectrical power fromthe notive power suppli y the prinme nover, the
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get hod conprising: 35 disabling the torque converter to decouple
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node to claim 8, wheein the means for providing field current to
the main machine includes an exciter and wherein the
15 control includes a voltage regulator coupled between the
'PGM and the exciter operable to deliver regulated voltage
to the exciter, and the means for initiating the generating
-ﬁo@e when such mode is selected and the prime mover has
started includes means for operating the voltage regulator
. 20 whereby field current is delivered to the main machine so

that the main machine develops electrical power.

10. A method of controlling the starting mode of a power
R conversion system operable in either a starting mode
25 wherein the conversion system converts electrical power
into motive power to start a prime mover or in a generating
mode wherein the conversion system develops electrical
power from the motive power supplied by the prime mover,

- the-system including a main dynamoelectric maéhine-having a
30 common rotor assembly coupled via a torgue converter to the
prime mover, and means carried by the common rotor assembly

for supplying field current to the main machine including a

- permanent  magnet  generator, or PMG: the method

. comprising: _ |
35 disabling the torque' converter to decouple the



cause Lhﬁ PMG to operate as a notor and drive the commn 5
el ectrical power to the main machine to c

appl yi

oper &t s a synchronous notor when the speed. of conmmon
asse has reached a predeternined |evel; 10 - Jmmﬁm{l mlm '
source of electrical power fromthe PMG after the s r ot or
assenbly has reached / the predeterm ned | evel; and enabllng the’ torque

converter to cause notive power to be tFahPerred fromthe mai N machine to
the prinme novwssin andéhstearfromethatpeimahmovebe main nmachine is oper at ed. as
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nodes of operatio

conversion s tant al

descri bed herthe qpnnereﬁeneﬁdsuamtiﬂa@WQMﬂhgé in the startlng mode to
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cause the PMG to operate as a motor and drive the common
rotor assembly: '

applylng electrical power to the main machine to cause
the main machine to operate as a-synchronous-motor when the
speed of the-=common rotor assembly has neached' a
predetermined level: : . ll%\ '

disconnecting the source of electr1cal power from the

PMG after the speed of the common rotor agssembly has reached
the predetermined level; and ' /

enabling the torque converter to cause motive power to
be tranferred from the main machine to the prime mover to
start the latter when the main machine is operated as a

“synchronous motor.

11.” A control system for controlling the different modes .

of operation of a power conversion system, substantially as'

described herein with reference to the drawings. -

rotor assenbly;
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