Generator Systemwith 213 738 1 Fault Condition Excitation
Technical Field 5 ' The present invention relates ge bly
to generatlng systens, and nore particularly to a generator syste ;ﬁi his
del f-exci'ting even under fault condi- tions. - Background Art 10 -

Prior’ generator systems have incorporated pilot exciter rotating rectifier

arrangenents to al  ow brush- less constructihgn. Control power for the flel d
of (t;he exciter” “Is typically provided by a pérnmanent magnet generator,

PM5 to supply control power that is rela- 15 tively independ i}ﬁ
generator output power-dis- turbgepRratduCByatenSwifth S shown%] Iﬁ

U. S. Patent No. 4,015, 189. Wi Faul#cCCondirioanNEXe)] the iadvant ageous in that
relatively |ow control power is required due to. the ex- 20 citer gain, it
has been noted that this systemalso suf- fers frem severe di sadvant ages.
The ‘generator systemrequires a relatively |ong package which affects
critical speed and severely restricts available installations in places
where space is at a_prem um such as aircraft.. 25 Further, the generator
system has i nher 2echpiend Fiedd o/ response due to the two cascaded

el ectromagnegic gain stageghe Apyesehite Qﬁ%bn%&ohherél%tt@@ ' §e‘9ﬂé¥&l‘i‘§e Ye
the need for three_conpl.ete el ectromm tic structure n order to

over cone t he aboﬁ&“ﬁﬁgg&“&. & 5'3(?%‘%9 ktcy oFOs 8| Feneriatory
gener at or syst ensystem?-whniok tieende#exd:.tSugh exer handerhof@ul® condi-
Rosenberry et al JU,ge Patent No. 3,189,814 and Spiller U S. Patent No.

O

Backjround Art

10 Pr:.or generator systems have zncorporated pilot
exciter rotating rectifier arrangements to allow brush-
less construction. Control power for the field of the
exciter is typically provide_d' by a permanent magnet
generator, or PMG, to supply control power that is rela-
15  tively independent of main generator'out'put power dis-
turbances. Such a system is shown in Gorden U.S. Patent

No. 4,015,189,
While such a system may be advantageous in that
relatively '1ow control power is reqﬁired due to.the ex-
20 citer gain, it has been noted that this system also suf-
A " fers from severe disadvantages. The generator system
requires a relatively long package which affects critical
speed and severely restricts available installations in

places where space is at a premium, such as aircraft.

25 Further, the generator system has inherently slow control

response due to the two cascaded electromagnetic gain

stages. Also, the cost of the system is high' due to the
‘need for three complete electromagnetic structures.

In order to overcome the above-noted disadvan-

30 tages, other types of self-exciting generator systems



3,673,488. The Rosenberry et al. generator system ob- viates the need for

a PMG*by feeding power in parallel paths fromat |east one phase in the

* generg armature 5 to the exciter field. One of the paths supplies :
recti ed.phase voltage to the exciter field while the other path

furni s current froma current transfopmer asso- ciated with the same
phase™when excitation is needed due to V&riations in the |oad. 10 -
The gener at or systen1d|sclosed by Spiller dis- penses with the need for- o
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t he generat or OU put ates an cilrcu e exc

field currentallﬁ ﬁhePé$Gﬁ$ &P%ﬁ3&%ﬂ%inﬁuﬁ¥¢oﬁP&31Fﬁe 1§~0EE§GPHNNQ¢m
generator, a 3¢e785488.currgat abéeﬁséefyerea:fagd tg?@d@ﬁwts 8téh dp-

out put of the eXC|ter to the e citer wi ndi o] nalnt in field
current durinyihESpdhtoPesd 8 f&uléﬁ(g ﬂx. tflneﬁﬁilq‘%ep vé%ﬁe ﬁt cﬂarﬁ}gt

di scl osed by ﬁathabeﬁmoyn Zx eleast aorneSphalser xmqtheegmmmmme
current tyans; g t exc

short circui t’é'a Q:?;%gr e’ﬁéy ﬁcjér%egllérg% Pﬁ%régglt%ggt e Si zg@ﬁ&&%&l %lét&lif t he
gener at or pacfagd nhaﬂﬁuwgltésﬁgtnetHEOﬁxywﬁﬂﬂniﬁebdowbdlbytspudtaer
requires the yagnOieuinieidy cdifenengben ¥ Wobeseub! e@aaﬁﬁoﬁ.u&eqsg& wear

and arci ng. osure of t I nvention I'n accordance wt - present
i nventi on, _acgéﬁﬁﬂaﬁéﬁhsﬁleerﬁ%mme n‘é%ﬂ% escitasicn 4§ oeeded iR 30
of the main gesevardatibakdiaveheddbaag a fault condition at the { oad

driven th.ﬁ]eby The Sys&g?n%fgmrt h%ﬁprress%rrgtem do’zscfc\:/gg Igy s 395 er"Fis- I

require use of a
penses with the need for a conventional PMG by utilizing

a voltage regulator which is responsive to the generator

output and which gates an SCR circﬁit to provide exciter

field current. In the event of a fault condition at the

15 output of the genefator, a series of current fransformers

feed back a port1on of the output of the exc1ter to the

- exciter field winding to maintain main fleld current
during the period of the fault condition.

The generator systems disclosed by Rosenberry

20 et al and Spiller require cumbersome power c;rrent trans-

former circuits t@ excite the generator when the output

is short circuited, thereby undesirably increasing the

size and weight of the genérator package. Further, the

generator system disclosed by Spiller réquires the use of

25 s11p rings and/or brushes which are subject to wear and

rclng.

Disclosure of the Invention
In accordance with the -present invention, a
generator syséem includes means for providing excitation
30 of the main generator field even during a fault condition
at the load driven thereby. The system of the present




‘PM5  nor does it utilize cunbersone power current transforner
circuits or slip'rings and/or brushes. The I nvention provides ar
el ectrical generating 5 system for energizing a load prot
‘by a circuit breaker, including neans for devel opi ng nain generat
current, a rotary main generator field wi ndlé'ng_ coupl ed to the devel
nmeans for generating a . noving nain generator” nmagnetic field, a stationary

_in generator- 10 armature di.sposed in the main generator magneti c
fi®d for ge”eiﬁ{réHGioHH'ébeQe@x%rtatQ quitePUthe CUIdENor Wﬁ]ntj[onadl
~excitation control conprising: neans or sensing the volta e at

means coupl ed thﬁhe PeZd \Afasagel Genythyizgansunpersomey, P%réctqwe%en

the load voltgganst6rmépSsiréhints & rIHH SFEEY e/ oMEREsHes. sensi ng
the voltage at the nmain generator armature; nmeans responsive to the

detecting neans and coupl ed 20 to the devel opi ng neans and the armature
vol t age sensing nme@ne f dmworiticsl | | pgovhdesni raryenedlecsritrdl d ganemating

response ko | NeggeraRd ¥oh! et ife ™ 1 10000T BEBkeRRER! U WIS LG ¢

sensed voltage ess t han t he r erence va
nmeans for |imtPRE2KAE. nﬂrﬂ?%&&tt BEaBEt piRr c deVeloPimgn MALNsgrrerator

voltage at the keadqi Sch??én{:h&rht%tra&fyerﬁxaﬁﬁ Vééﬁérheoﬂﬁl Meid thending
generator arnat ure oI t suf ficl ermt contjnued
sel f-excitation 8'(‘9 38"%7;%% Hﬁvgé rﬁ?ﬁ rgﬁ{‘e§8ting| & moving
delivered to maip géheratonumagrbeﬁﬂeflami téles'ebtyimmonﬁwi g dree s
fromthe.genera em . | Lty b he
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limting means forpreSenenating, tmaimor memergjtpmcorptg@ut ceprrented and

rectifiers whigh eﬁE?ta%PBﬁségntP@fkéomﬁf‘isix*f@:
' means for sensing the voltage at the load;
means coupled to the 1load voltage sensing means
15 for detecting when the load. voltage 1is 1l1less than a
reference value;
means for sensing the voltage at the main generator
armature; '
means responsive to the detecting means and coupled
20 - to the developing means and the armature voltage sensing
means for controlling the main generator field current
in response to the sensed voltage at the main generator
U/ armature when the sensed voltage at the 1load is 1less
than the reference value; and
25 means for limiting the main generator output current
when the sensed voltage at the load is 1less than the
reference value to maintain the main generator armature
voltage at a level sufficient to permit continued
self-excitation of the generating system whereby current
30 is delivéred to trip the c¢ircuit breaker and i:hereby
disconnect the load from the génerator system.

The 'limiting means preferably further comprises

means to limit the output current from the main armature.

The limiting means is preferably in the form of silicon

35  controlled rectifiers which are "phased back" in the



- 3a - in the event of a fault so that the voltage at the output of

t he jn_generator armature can. be maintained at a sufficiently high value
to p rgﬁt the cantinued self-excitation. Page 4 follows ........ -4- In
a fin odi nent of the invention, a pair of parallel connected silicon
contngl L€d rectifiers, or SCR s, _alRg connected in series with the primary
of the transfornmer and are controlled by a voltage regulator 5 whi ch
fires the SCR s at proper phase angle to provide proper excitation for thea/
main field winding. In a further enbodi ment of the invention, the current

t hrough the prj of. Lhe transforyer.is_con- trolled b ans of a
~controlled i ﬁ'\#e??gfx; V\Ei‘.’%‘ﬁgal ‘{)gwsJ 1§%Pt&e ‘go&é’eatof tk‘ﬁe Y%eﬁ%%%cf%séﬁef or
excitation, RURIT t@ahn Whei Mepin ngeverabor harmbtereatomn oo pmaihteagneacy.

This in turng | gwsstpeisi d hty, 0f,d hgor i t.hansfor. be
reduced. The cqncepts ofétﬁgtg?esﬁlgi r?(/a{elrﬁelt o%ocgél@{)rgp%t; ap%’géqﬁé’figgse in
vari ous typeféa}iﬁéﬁéﬁﬁﬁﬁP“systens, such as a DC link systemand a

cycl o-converter system Brief Description of the Drawings Fig. 1 is a block
di agram of a generator system according to the present invention; 20

Fig. 2 is a vector diagramof voltages devel - oped at the main generator

armature output; Fig. 3 is a block diagram of the voltage regu- |ator shown

in Fig. 1,

| Page 4 fOllOWS ........

&



ﬁig. 4 is a schematic diagramof one of the 25 cosine nodul ators shown i
bl ock diagramformin'Fig. 3; Fig. 5is a series of waveform di agrans
ildus- trating particular voltages in the circuit of Fig. 4, Figs. 6A(ard
6B are partial sectional and end el evational views, respectively, of t
~rotating trans- 30 former shown schematically in Fig. 1, Fig. 7 is a
schematic di agramof a further enbodi nent efgt he invention; Fig. 8is a.
bl Q¢ck di agram of the voltage regu- lator shown in Fig. 7, Figs. 9a and 9b
are waveform di agrans of parti- cular voltages in the voltage regul ator
shown in Fig. 8; 5 In a Ei;stuhuhodﬁmam&nefitgdiagreﬁtmbna faurgaar
enbodi nent of thge | u | nj QN -copyerter
Generating syst oot TP §EbLeER el T1dc Aot GLISE, SoEPEHTRER, 7
vol tage for the §ERERat iaks sGermpgted fng sexigs owith the moinamnpdeff dhe
Carrying Qut thetkraneforperRodfd M ate Nedhtfolléd- by 3 fvéPfafdPedgBHtsY
t he generator sys enh?f the p esegé-unventlon i ncl udes a main” generator,

i ndi cated gehera Hc fires, thegSGRIS: 3% PEPPef.f VARGt tPe REOYEIR)s
14a-14c and a ropzbpey excithitdbd fordiche haimofiledd windingaft 18 driven’

r f tive power. suC [ r._20. [tation for _th
main field winding s pro it dedt Buet HbUBRent of Fhé thiRnkRops Ehe
particularly 20 CRRTERgs themughi the paimagya of athenasanafiormer wiadicop-24
and a rotating seggndany by neeass 26£moHNkeHe0R11088 SHifldredE Wgﬁ%ﬁ' 1"
of the current d%velop%q,ln t he secondary winding_26 1S acco I She
pair_of dio ree ¢

oice of the frequency used for excitation, raé&é;
than being limited to the alternatoé\outpgt frequency.
This in turn allows the size and weight of the rotating
transformer to be reducéd._

The cdncepts of the present invention can be

15 adapted for use in various types of generator sibtems,
such as a DC link system and a-cyclo-convertgr system.

{

Brief Description of the Drawings

Fig. 1 is a block diagram of a generator system
-according to the present invention; . _
20 Fig. 2 is a vector diagram of voltages devel-
oped at the main.ggnerator armature output;
Fig. 3 is a block diagram of the voltage regu-
lator shown in Fig. 1; |
Fig. 4 is a schematic diagram of one of the
25 cosine modulators shown in block diagram form in Fig. 3;
Fig. 5 is a series of waveform diagrams illus-
trating particular voltages in the circuit of Fig.. 4;
Figs. 6A and 6B are partial sectional and end
elevational'views, respectively, of the rotating t;ané-
30 former shown schematically in Fig. 1;
| Fig. 7 is a schematic diagram of a further
embodiment of the invention;



CR4 and CR5. 25 The primary winding 24 of the rotary transform
22.5is coupled across two of the armature w ndings 14a and 14b through a
paral |l el connected silicon con- trolled rectifiers SCR4 and SCR5. =
jifiers SCR4A and SCR5 control the current through the I mary
, 30 24 of the rotary transfornerg22 by nean of control pul ses
~delivered to the gates thereof by a voltage regu- lator 28 in a fashion to
be described nore specifically bel ow. 6- The main generator armature
wi ndi ngs 14a-14c are coppgedst 9saaf Blockn\Gidgein fo£rther eolltage wegah
-~ includes threﬁ giodeﬁ-CR1=CB§-and three silicon con- trolled rectifiers -
SCR1- SCR3. ThB®Pf(P 8wﬁnbfe 6?'tﬂé_rectifLers“SCRl-SCRS I's control |l ed by
the voltage regula- 5 Figs.c9acand 98 ahéecwaveferwmpdisgrams| ofupscsi-
coupled to th Se.r Il o Ardihd i Lt kS COgpl ed to
the<mn;ﬁ$ ofg?g§£$€??£§.§§ ?%cﬁﬁéig?$§§3ﬁ3*§§§%§%?ﬁsgﬁﬁ?ht%é gg?fagé
devel oped thereby to de¥éSep Y0owi#i fpl schemabicagdagram 10f Bc BYFtder The
DC bus 33 is kfibbdiRefitURERE® EnGeAtibhOWRE | INecbRjunictildn withOa
devel op three hfs e a esired, frequegcy which is coupled

e AC voLtag t ad
through a fil F¥FiepCaRYen et IBREFREIRG, S¥BFENE(8790 t0 a | oad 38. The

contacts 40 are connectBiigbetleebst e §raphr o6 autpit durrdmeadvadsus
provi de protecti f | Lo the. . ¢ ) f t _thecein, sych_as a
short cirCuitSaﬁggtcgé%gggg gﬁgn%§ec€§%§¥§g1%gtﬁgﬁégﬁgo?ke?égfr%ﬁagngfic
circuit brf%ak®®, as desired. Connected between the filter 36 and the con-
20 tacts 40.is a three-phase vol tage averagi ng cirquit 42 ' Q;)

Best Mode for Carrying Out the Invention
' Referring now to Fig. 1, a first embodiment of
the generator system of the b:eSent invention includes a

main generator,'indiéhtédlgenerally at'iz, having a set
15 of stationary armature windings l4a-14c and a rotating
main field winding 16 mounted on a shaft 18 driven by a
source of motive power, such as prime mover 20. |
Excitation for the main field'ﬁinding is pro-
vided by a rotary'trénsformer 22,'shown mofe particularly
20 in Figs. 6A and 6B, having a stationary primary winding
24 and a rotating secbnda_ry ?ir{dihg 26 mounted ‘)_on the
shaft 18. . Rectificationfof the currert developed in the
secondary winding 2@_15 accomplished'bg_a_pair of diodes i
CR4 and CRS. /= -
25 ) The primary winding 24 of the rotary transform-
er 22 is coupled across two of the armature windings l4a
-and 14b'thipugh a péir of’pa:allel connected silicon con-
trolled rectifiers SCR4_and'SCR5. The rectifiers SCR4
and SCR5 control the Cur:ent through the imgry‘winding
30 24 of the rotary trapsformer 22 by means)\ of control
pulses delivered to the gdtes thereof by a voifagé regu-
' lator 28 in a fashion to be described more specifically
below.



whi ch devel ops a signal representing the average of the voltages delivered
to the |ead 38. The output signal fromthe averaging circuit 42 is couplk:
tora summing junction 44 which conpares the average with a reference
signal V[err]. A POR signal is developed by the junction 44 representi
the conditi-on at the point of regulation which is |ocated between the
filter 36 and the contacts 40. The POR signe§-is connected to the vol t age
requl ator 28. 30 Al so coupled to the point of regulation is a
hi ghest phase current circuit 46 which devel ops an out put glgnal
representing the magnitude Tfe t meini gyeneratored@rmature eofindingshriéa-l4c
phases at the poig{e Oé?ﬁﬁﬂﬂhatt'd)na ??ﬁ.lou&év?_“tre%&rﬁﬁztrﬁﬁkkﬁkg (‘dq(c‘%ichs.
al so coupled to the vol-"tage regulator 28. The gain of the Tegdback - _
circuit which indRgiades eﬂ’gﬂf'ﬁ? 48iedess CR1<GRActand t Ahreef silicoat i cehy

high 5 magni tu#dne%criaﬁefgag;amdmtm‘ t;p{ t?ﬁeSiml ; ;@cgugllg;?%r tg%e
the voltage regul_ataqr : | I n vo| tage regu

is derived from éﬁfgijtégegssgr@n'géﬁﬂﬁ tc‘%gt{:%ﬁ)p?‘g(}Y otRecveitage regpla-
gener at or ar #at urt®xni ekirenit 128 uhinhuﬁeﬁénophecuntrggegﬂkﬁéﬁﬁgouﬂﬁﬁa to
si gnal devel oped gﬂ& ' | | ) conpared at a surming
junction 50 wit hézg%s cor%e\rﬁ)q ,ngag;egéér %e%%’?%ééﬁﬁ err] and the output from
this circuit is coupled to& Hiltan ghirowitlI? ois xpupted tdetbenecutput of

condi (] on_exi Sts Tt ve MRESELE I PRORA Y, sqRpsnt VLY Lid bbltage
condi ti on exists such as - . -
lator 28 gates t ﬁ@vreg'&ﬂ e?%éem-mqvﬁlﬂ’e loy,"TiBRle PG Foktage (pn a

fukd/ normal d0r aDiCobwd 3dnduTheoDCsduhad3 is in turn cogpled’to a con-
trolled inverter circuit 34 to develop three phase AC
voltage at a desired ffequency_which is coupled through a
filter 36 and a set of breaker contacts 40 to a load 38.
The contacts 40_are'conﬁécted between the filter 36 and
15 the load 38 to provide protection for the load~ in the
- ‘event of a fault therein, such as ;ﬂshorf circuit. The
contacts 40 may comprise a thermal or electromagnetic
circuit breaker, as desired. ’ : '
Connected between the filter 36 and the con-
20 tacts 40 is a three-phase voltage'averéging circuit 42
. which develops'a signal representing the average of the
voltages delivered to the load 38. The oﬁtput signal
from the averaging circuit 42 is coupled to a summing
junction 44 which compares the average with a reference
25 signal vﬁEFl‘ A POR signal is developed by the junction
44 representing the condition at the point of regulation
which is located between'thejfilter 3& and the §ontacts
40. The POR signal is connected to the voltage regulator .
28. S : B
30 | Also coupled to the point of regulation is a
highest phase current circuit 46 which develops an output
signal representing the magnitude of the highest current




the SCR s function as sinple rectifiers. Further, the, 20 voltage
ator 28 gates the rectifiers SCR4 and SCR5 at the proper firing angle

Sygyi de proper excitation for the main field winding 16 in response to <
si gnal devel oped at the output of the summ ng junction 44. 25
when a fault condition arises, such as when a short circuit is
present in the load 38, the sig- nal devéfoped by the three-phase voltage .
averaging cir- cuit 42 tends to decrease in nagnitude in turn causing t
POR signal to pecone Aess t han t he signal develg g % t he_summ ng
junction 50. OFuthecthrencPirscs 2t tRe PORBE: Ofi FegPLatitpne FB&d°P§nds to
cause the ?utpwt signht Htgﬁethzfpb&r&uﬁﬂ*ﬁsﬂalsdwnuﬁp1$étﬂogthﬁ.volIhlS
sequence o0 S vol tage regul ator 28 to "phase back" or.
retard the f|¥§§§ 5€§#f§§?£ g% rectifiers SCRLI-SCR3 to limt the current
delivered to the | oad dBbetgapneofnthehfeedbaghecircuis whirhuiacluddsngs

L4 Lrom dr oprdginde8 hONANSHE! 1 BUIRAETIS Bdofog! EELSEIVELy HEBA and

SCR5 are contr to fai itain the current throu pri mar
rotary transfBRgRityde  £o,; dacease the  amp! #Guﬁeaﬁurﬁhﬁj shgnals cou-

sel f- EXCItatI% @ftéhﬁhgeﬁslaﬁgé feghlaueg. 28ln this may, sufficient
current will be Ee con%agts 40 to

del
el ectromagnetic o? {x:; %ﬁoggP?a r SORE 3u§Pﬁgv?ﬁ% EnfﬁgpéaQBroﬁgn
Ref erri-ng nowis odérdved, ﬂMumealvoltagetsahsdngnddnnﬂath4§neoupbedltbe

vol tage- regu'?ﬁ€5 gBtﬁQO%QB&Bn Jéh%raﬁ%ed at%fat\ﬁ:h&ri?ind ién 159%9' ggﬁgg

phase curren ¢i rcui S coug Nt~ sensing cireuig
52 and i $0%urkhe vpltagerthereafe s bﬂaﬁlv?élrFBﬁeéoﬁﬁﬁangtpsnéﬁhgnn§4

The SlgnaI fré&&é@ftsumﬂﬂﬂiééﬁﬁared at a summing junction 50 with a
second voltage reference \' REF2 and the output from this
circuit 1s coupled to the voltage regulator 28.
When the generator system shown in Fig. 1 is
15 operatlng properly, i. e..when no fault condition exists
such as a short circuit in the load 38,-the\voltage regu-
~ lator 28 gates the rectifiers SCR1-SCR3 in the "on" con-
dition for the full normal duration of conduction so that
the SCR's function as simple rectifiers. Further, the
20 voltage regulator 28 gates the rectifiers 8§§4 and SCRS p
at the proper firxng angle to provide proper excitation
for the main fleld windmg 16 in response to the POR
signal developed at the output of the summing junction
44, - | |
25 However, when a fault condition arises, such as
when a short circuit is present in the 1oad 38, the sig- -
nal developed by the. three-phase voltage averaglng cir-
cuit 42 tends to. decrease "in magnitude, in turn causing
' the POR signal to become less than the signal developed
30 by the summing junction 50. Further, the presence of a
short circuit in the load tends to cause the output of
the highest phase current circuit 46 to rise. This

L



tion 54 is coupled to a gain and conpensation circuit 56 and to an .
overcurrent detector 58. 20 When the systemis normally /.
operating, i.e. when no fault is present, an inhibit circuit 60, c

fo the overcurrent detector 58, is inoperative, in turn causing a fu

bias circuit 62 to provide a signal to-a series of cosine modul ators 64-66.
‘The cosi ne nodul a- 25 tors 64-66 are in tign coupled to the gates of the
recgtifiers SCR1-SCR3. The magnitude of the signal fromthe full-on bias
circuit 62 is selected to cause the cosine nodula- tors 64-66 to gate t he
rectifiers SCRI1- Seighenue oaf netveints30c80Eesr |thd t edlthgeZ afeyud t € 2BOI £

h ti J L of t rectifiers SCRl- SCR3
Pe Gated on for o EHAEE e'?qgr? SRERY e T, Afild B2 i Tectidiers
acts as a sinpl e SCR}SCRS to Ifmitnhercurrentcéeliveredi te roheullatadt sand
64-66 operate is deprédart beheéWwolk8gRR it aﬁ&%%ézyzu%_gggﬁngﬁ&p

44 and the armatyre si,gnal fromj{he sdnmng junction 5 . cessed
by rectifier ci r%&'ﬂ"? 789 aifd ie'en iRV Skt woFNT thermere,d the weskifierso.

a diode circiit SOR& i anhdg sﬁlwiearal,&F\ntrb"h!:eﬁgicfihﬁﬂ%gséﬁﬁ ;glﬁe?;é@éﬁzfte r
Than the ar mat ur SHECHYR “Foé BERBAZSOE: £BE AREaNY FORRATOYBRRSCZ Af
associ at ed di ode pPDOperThheVeER, sﬁ.gnatutmeasbu_ré.nlgastlﬁaii es_emﬂtﬁﬁt:éfﬁg;irbguiﬁi
6,77, “The cury e OpraraeoreoRtindR | R A Y A Agle ditlde
transforner 22 i ¥iddeRDydedivesedecshrioughcctheingentactei 40 tte tuipadhis
sensed at tH® poielleceiromagnediiconor AHATRIMI0USE ¥oiPt ebreairY Obhageng! dHie
point contacts to open.
Referring now to Fig. 3, there is illustrated
in block diagram form the voltage regulator 28 shown in
Fig. 1. The siénal "from the highest phase current
15 circuit 46 is coupled tl{rbugh- a current sensing circuit
52 and is su'n{ne‘d with a reference signal VREFB in a
- summing junction 54. The signal from the summing junc-
tion 54 is coupled to a gain and compensation circuit 56
~ and to an overcurrent def:ector 58. o
20 : ‘When the system is normally operating, i.e.
when no fault is present, an inhibit circuit 60, coupled
to the overcurrent detector 58, is inoperative, in turn
causing a full-on bias circuit 62 to provide a signal to
- a series of cosine modﬁlai:ors 64-66. The cosine ;ttodula—
25  tors 64-66 are in turn coupled to the gates of the
rectifiers SCR1-SCR3. - _

The magnitude of the signal from the full-on
bias circuit 62 is éel‘ecte;d to cause the cosine modula-
tors 64-66 to gate the rectifiers SéRl—SCR3 approximately

30 30° after the zero voltage point on the respective phase
voltage waveform. Each of the rectifiers SCR1-SCR3 is
‘gated on for a full 120°, during which time the rectifier



of- regul ation tends to decrease when a fault condition, ari ses.
Co uently, the magni tude of the POR signal becones |ess than the -
|de of the armature signal, 20 causing the diode D2 to be forward 4

: and the diode D1 to be reverse biased. The armature signal

t hap_assunes control of the rectifiers SCRA and SCR5 through the cosine
nmodul ators 76, 77. Further, during a fauT®=condi ti on when the cur- 25 rent
delivered to the |oad increases in -anpl i tude, the overcurrent detector

the inhipit circuit, 60 to_inhihit _the |1 -on bias.circgujt, 6
K/gurjzg\sler, aln %‘IF/ I a@L;?grﬁ"“@OJr%rrlscﬁh' h%[err%ﬂfs“baémﬁral f It@’ R égen and
conpensat i on cosinetmédulatptedéde6é hepevateeispdekaribed3belod.66. The
| evel at which the over rgaﬁ QE??%%OE:éﬁ Qﬁgsgam*ﬂhhe Q:.%fn tﬂe an@ I on

bias circuit 62 is de- ni tud erence sig
V[ err] coupl cthe oamt%{mmgnﬂn remnthe sumensonﬁpgtapnmmclare PIPO' the

rectifiess SEdssé&3bg r&édﬁ%?%ﬂf@uﬂﬁ‘s”%
i npedance of % 71%oad and faul t- since  the g CJ I‘CUI ain is

hi gh. Referri waid FrEe fFonnggteq Stp Iahs F'Sgﬁd uiteR S 3R%agr am
of the cosi nedwdblsambxnﬁél The BORukiighalnahddthbatrmaruiriee sigtiadr e

embodi ment . BexFLACKLY 800508020 e! nbLrle JIGIENLES Bonl QG AL

circuits Whl orm esama unctron as the CIrcul
A signal trangfeater thanctbevasrmatuge Fjgndlerin umabpepebytme wmﬂdu ng

l4c of the MBESr@WERE BigEed' 'Eﬁ:s ta Socidbéa Shgbak 'pqvel ﬁeaﬁ ray the

t ransf or ner. Tl and_iIs aglle to.a summ:-ng junction 80 ~ou gms- U
Rl. The sumthRrefPEei BASsFUR CPREEPL EIP%nSPtlng of he recti-

fiers SCR4 and SCR5 through cos:.ne modulator circuits

76,77. The current through the p::.mary winding 24 of the

tétary trénsformer 22 is thereby controlled in accordance
15 with the voltage sensed_ at the point of regulation.

' | As 'pr_evi_ously noted, the voltage at the point
of regulation tends to decrease when a fault condition
arises. chsequéntly , the magnitude of the POR signal
becomes less than the magnitude of the armature signal,

20 causing the diode D2 to be forward biased ‘and the diode
Dl to be reverse biased. The armature signal then
assumes control of the rectifiers SCR4 and SCRS throﬁgh
the cosine modulators 76,77. . - ' W

2% Cﬁ‘f@rﬁbﬂfﬂn Yn@iﬁvorks

Further, during a fault cond:.t:.on when the cur-

25 rent delivered to the load increases in amplitude, the
overcurrent detector 58 causes the inhibit circuit 60 to
inhibit the full-on bias circuit 62. Moreover, an over-
current error signal VOE :'_.s generated by the gain and |
compensation circuit 56 coupled to the cosine modulators

30 64-66. The level at which the. overcurrent detector 58
' causes inhibiting of the full-on bias circuit 62 is de-
‘termined by the magnitude of the reference signal V

REF3
coupled to the summing _junction 54. The points at which



15 VE (either the processed POR signal or the processed arm ature S|gn \
fromthe diode circuit through a resistor R3 and a signal VREF5 throug
resistor R4. The resis- tors Rl, R3 and R4 must have resistances much \
greater than a resistor R2 to mnimze interaction anong the cir- 20 cuits.
A diode C6 limts the positive |evel of voltage to a |ow |level since only
the negative voltage swing is of use. A zqup,diode CR7 limts the negative
vo{tage swing to acceptable |evels at the input of an operational anplifier
Ul. The operatlonal anplifier is an integrated 25 circuit device that has

very hi glh gain tche owedal ﬁﬁe@strscmtws]ghar paféa?&e;qﬁbfbﬂpt&ré’mq&ﬁ]n{ﬁ-lly
i nput voltage to ifier an rom posi ti.ve egat,i ve e,
ou?put fromthe 5%%§§?ﬁ&ﬁ§ fﬁ?lgppepa §€c 8§L tiﬁ%@ggné fauly finge
to a transistor theﬁﬂe@a@lﬁaoomldmmt Waiiph diss hdgipl ed to a prinmary
wi nding of a pul se 1 ansTOnierbingTitnd W ¥:8.0' ThHlOASUS Ui leaddlly

and vol t age eveloped by the operatlonal anpl for propertriggerin
t he rectlfle% sciRfFhemat HﬁHQ%?graWrQ#BFQ#n@@s#ﬁepﬂeéuaé§°rséﬂat|@¢zﬁhpuld

| evel adj ustment Heo ﬂdﬁcnearmcﬁtmdehél gﬂete%eahefnbaaiﬁeae gg.@;g 3&;\&@&16&6
feren |

‘V+. The circuit suns_a, co st an

V[err] and the s?&n\;ﬂ% €II 9ﬁ i.’sﬁfée wioR 98??&58 lbr¥at WEegﬁfEFF] ‘-'dt}"tc"dfts
phase with the veihizle pErfdmn rthepshned funcitienprasiethe Wehdeugs zhowh tilte
rotary trans- fop %2. Referring also to the vector diagramof Fig. 2,
if Verr] irs the”applied voltage, V[err] has a 90[err] phase 10
relajtlonshlp1 elative to VPeﬁﬂEnéﬁdt#aysﬁgr@@CdTasrehslwnﬁUﬁ.N@hﬂ&g&:

ol at or 64, |td‘é|%‘él1|d§>eheki}0ttflﬁ tmxdfxtge IS 6 £REUKaLAr aeﬁirﬁ@o@% ! 7

are identical to that SQ%Q”SEGnalglevel is adjusted by the transformer T1

and is applied to a summing_gunctzon 80 through a resis-

tor Rl. The summing junction 80 also receives a signal

15 Vt (either the processed POR signal or the processed arm-

ature signal) from the diode circuit through a. resistor

R3 and a signal V REF5 through a resistor R4. The resis-

tors Rl, R3 and R4 must have resistances much greater

than a resistor R2 to minimize interaction among the cir-

20 cuits. A diode C6 limits the positive level of voltage

to a low level since only the negative voltage swing is

of use. A zener diode CR? limits the negative voltage

swing to acceptable levels at the input of an operational

amplifier Ul. The operatlonal ampllfler is an integrated

25 circuit device that has very high gain to prov:.de an

- extremely sharp change in output when the input voltage
to the amplifier chahges from positive to negative.

Theé output from the operational amplifier Ul is

coupled through a resistor RS to a transistor Q1 having a

. 30 collector which is coupied_ to a primary winding of a

pulse transformer T2. The transistor Q1 boosts the cur-

rent and voltage developed by the operational amplifier

for proper triggering of the rectifier SCR4. The pulse



with the exception of the input to the transformer T1, 15 | and the

ages VE and V[err].In particular, the cosine nodulator 66 is identical
shown in Fig. 4 except that the voltage V[err] applied to the
rner T1 is reversed in polarity fromthat shown in Fig. 4. The

nodul ator 64 differs fromthat wn 20 in Fig. 4 in that the
vol tage coupled to the resistor R3 is The overcurrent error signal VOE and
the voltage cou- pled to the resistor R4 is a reference voltage V[err]. - _

Wih respect § z’ié‘f%ﬁi?é” m%ﬁieﬂé %ﬁé’f’éﬁ dViévé& %%3&%{:119&&9" gdi ng

1l4a is coup Ie transtor mer e signals
VOE and V[err?h%lr EaGGUSPé‘BOQB t&ignaks| which floats Ran @%R’i@dth@lyageWt h
respect to cqsine nodul ator 66 a si gnal V[err] fromthe winding 14b is

coupled to the primary qof the transf romer T1 . d t he si-gnals VOE and VREF4
are coupled to the resi@t‘%r§ igSuify SHPWR pAD | %%emﬁ v§€‘§7 Ref EPREHGREI so

to Ficg 5, theeferénde eis:.gi(ﬂlv aatalthe sbguuttanwmbnnatbﬂneowEalge
V| - [
varo oM Loy fled ?ﬁ%*%#%f%‘? -t B B0 v PILRS §b1bhaf 8EPRRTR S i

equal to zer appiiedehoVither ]pm@aaqua#m@@smegm ofc the -rotaxy transt can
be seen that gdigndsigger ﬂé’f&fri ii‘SOSGB 't?xea\;é!ﬂfof%or étlﬂeofof'i ge

MVerr], which'1s in turn 5 t he POR signal e armafure
si gnal ‘de- pehdi #§ Vaap tiﬁe% aﬂE’ %gﬁ‘?%’aﬁﬁgrtﬂgngofh% 3T opBasey

noted. The pcxrémastwnémrp Felaktive tte M;C | fagds nfdIR1bECRIs¢d d a8CRehar e
gated are sinilarl ed by t cO nodul at ors 64-66 and 76. 10\_)

e o © pomasid Yed e St Dinddin 2651 B

It should be noted._ that_ the cosine modulators

65,66 and 76,77 are identical to that shown in Fig. 4,

with the exception of the input to the transformer T1,

15 and the voltages V and VREFS In part:.cular, the cosine

modulator 66 is 1dent1cal to that shown in Fig. 4 except

that the voltage Vc -N appl:.ed to the transformer T1 is
reversed in polarity from that shown in Fig. 4.

' The cosine modulator 64 differs from that shown

20 in Fig. 4 in that the voltage coupled to the resistor R3

is the overcurrént é_rfr:o_t si_gnal VOE and the voltage cou-

pled to the resistor R4 is a reference voltage Vp..,.

With respect to the cosine modulator 65 ‘a voltage yA -N Q
from the w:.nd:.ng 14a is coupled to the primary of the

25 transformer T1 and the signals Vog 2nd Vppo, are coupled

to the resistors R3 and R4, respectively. With respect
to cosine modulator 66 a s:.gnal B-N from the winding 14b
is coupled to the prmary of the transformer Tl and the

s:.gnals and V. are coupled to the resistors R3 and

- OE REF4

© 30 R4, respectively.
' ' Referring also to Fig. 5, the rect:.f:.er SCR4 is
gated into conduct:.on when the voltage waveform V., at the

S
input of the operatiox_xal ampl_:.f:.er Ul drops below zero



the load current drawn fromthe armature windings 14 is linited betmgé%éggr
and three p.u. by phase control of SCR1-SCR 3 as seen in Fig. 11, wher >/
p:u. stands for "per unit" with one p.u. being equal to the rated ou .
Yower. 15 of the generator. Hence, during normal operation, the rectifiers
SCR1- SCR3 are fully on and contribute no worse ripple than rectifiers
woul d, but during overloads and short. ci reb2és when ripple is nore

tQl erable, the SCR s phase -control the output voltage. 20

Referring nowto Figs. 7 and 8, there is illus- trated a further enbodi nment
of the present ivekbsionThai wavefpri: ¥y, alsoahewn| £oxi rhhe tease® whesepllLy

the current to thg g ﬁrxooaeweahat %wgwawfea@ei €8 a 'Hegag%& vbie

controlled inverter allows free choice of 2% frequency u

excitation, rat¥dgetMam b&tnFan e iLen Fhétf F@&Jéﬁ:’ﬁiﬁr tPRiR%| for the
gener at or out putsengaal fanttionpofi the n@ouftegreot y Wwhaehf d/lsTein 22uka

be made snul] er h e C uit,_ shQqwn_in A rates i n, a.,sub-
30 stanti al I%/ 0% %ﬁeérah'e tﬁ}eo #‘Iﬁgt é"ﬁ |%rF|t§e PIHASYE it %]ang fo
. perfornmgeneraicpendtnganpom théi rélativesmaghétuldesowhetenrfoasepeewibasi-n

Figs. 1 and 7 argyasgheed Ui agaenesf S¢S pRUEL Avhich ik TR Gied cul!

shown in Fig. es a regul at or
vol t age regul at 0$C1213'§4383\m34‘ﬂ 8RS Erearﬁ?ﬁ%ﬁ ARRnSiniiaEly econtrallednby

Fig. 8. The cont¢né é85ihécmo@elatorsseblhé- arB3761.S S i dentical to that
?ﬁsﬁ['gbeg cdfbri ses a pul SEURFRFRe G r VST URRENt SORATEIoR grises,
SWLLChI ng the load current drawn from the armature windings 14 is
| limited between two and three p.u. by phase control of
SCR1-SCR 3 as seen in-Fig. 11, where p.u. stands for "per
unit" with one p.u. being equal to the rated output power
15 of the generator. - Hence, during normal operation, the
rectifiers SCR1-SCR3 are fully on and contribute no worse
ripple than rectifiers would, but during' overloads and
short circuits when ripple is more tolerable, the SCR's
phase control the output volf,age. _
20 . Referring now to Figs. 7 and 8, there is illus-
trated a . further embodiment of the present invention
which utilizes a controlled inverter 90 to supply the
current to the primary of the rotating transformer 22.
I'n effect; the controlled inverter allows free choice of
25 the frequency used for excitation, rather than being
1:.m1ted to the frequency of the main generator output
signals, in turn permitting the rotary transformer 22 to
be made smaller and lighter.
The circuit shown in Fig. 7 operates in a sub-
30 stantlally identical manner to that shown in Fig. 1
except the means to perform generator exc:.tat:.on, which
is described below. Common elements in Figs. 1 and 7 are
assigned the same reference numeral..



of transistors 2-@ connected in the controlled inverter 90 shown in Fig.
< The POR signal is coupled through the rectifier 68, the
. i\ network 72 and the diode DI to a sunmm ng junction 94. The out put
frio e main generator armature windings 14 are rectified by a full wave
regti 1 er 96, shown in Fig. 7, to develop a voltage VAR This voltage 15
is applied to a scaling netmnrk 98 and.ghrough the diode D2 to the summ ng.
junction 94. A voltage reference V[err] is sunmed with the signal fromt
diodes D1 and D2 in summng junction 94 and the resulting signal is
connected to a gain andThemciz@uifeEhUwONiriFigy t7 1dcludés auwRlitaleom

generated by EOUHIAFEY, 83, hith fs 3ihdab¥, 8" HHET fodkhael FeptaageR, 269
summi ng j unct sbawaodn Filgs sl gnahdf Asmshowns dmrignestertdetaileins Fidg.t urn

connected to g 25 saturating anplifier 108 and a drive anpllfler 110 to
provide base drive for the transistors @ and @ shown in Fi. In a

sinmilar fashion, the ouTPgt FPREFPhe £RK nthRd E%?%ﬁ%ﬁ¥$or$ glr'tﬁﬁlp 166 is
sumred wish t paen@weant ftoBOtnatga@Isdﬂb%dsumn aennuaeibﬁn wilth apgdgl s 3.

led th | § 4 | i f 116 t
orovi de base ARy EEPEInART GE T SHECHR ThEREA nbinF ER- FBg CORPELSeS],
Ref erri ng t o ahpulaseewidthdmadndatoaf, BrgQWMQAtandoﬂBrontthensbatshamgthat
the base dri VSf"‘@iéﬁBQ%gEo%Qr ghﬁst CBRRERRLRES 1521 HR 889%5831% RWF%%?

pul ses. The Si response to the base drive wave _
are combi ned $9 Fh@wbohPrEFBed7rnverter 90 shown 'in Fig. _ (U

10 - The POR signal is coupled through the rectifier
68, the scaling network 72 and the diode D1 to a summing
junction 94. The output from the main generator armature
windings 14 are rectified by a full wave rectifier 96,

. shown in Fig. 7, to develop a voltage VAR This voltage

15 is applied to a scallng network 98 and through the diode
D2. to the summing Junction 94.

A voltage reference vﬁEFG is summed w1th the
szgnal from the diodes Dl and D2 in summing junctlon 94
and the resulting signal is connected to a gain and com-

20 pensation circuit 100. The output from the gain and
compensation circuit is in turn summed with a sawtooth .
signal generated by a square wave oscillator 102 and an \HJ'
integrator 104 at a summing junction 106. The signal

. from the summing junction 106 is in turn connected to a

25 saturating amplifier 108 and a drive amplifier 110 to
provide base drive for the transistors 02 and Q5 shown in
Fig. 7.

In a similar fashlon, the output from the gain

and compensation circuit 100 is summed with the sawtooth

30 signal in a summing junction 112 and is coupled through a

_sattu"at__ing ‘amplifier 114 and a" drive amp_lifie: 116 to

provide base drive?for the transistors Q3 and 04'shbwn'in
Fig. 7.



signal fromthe gain and conpensa- tion circuit 100 shifts the |evel
samﬂooth signal 10 devel oped by the square wave oscillator 102 and
Inte- grator 104 to vary the pulse width delivered to the ro- tary

t ransf or mer primary winding 24. As seen in Fig. 9A the pulse width is
rel atively narrow, owing to the nega- tivejhevel shifting of the sawtooth
signal due to, the 15 sunmming of the negatlve signal fromthe gain and
conpen- sation circuit 100 with the signal fromthe integrator 104.

However, as seen in Fig. 9ﬁefu&dehgcwlﬁhem\iéfamnauagkaﬁd ofheike.soa
width is increased,si.gni f.i - camJ%&5|nce aln nd cogp nsati on

circuit 100 intr8944d és"rﬁ)"'laé\/a Sl ?5ﬁp §F‘§ﬁa 8rﬂ‘§n(,fé°
the rotary transthenstransiskors' Qa2rQ5 bbrrsacsau vef positie phlsésis The

fiold oxcitalof topaLs) HeF@lopasinichspbntp o Srelhadd! Mive Wavighme

i nsuring cohti n@Fkgcombined: byatthe. c%tlfﬁk]ﬁ%uén‘ie§§§§d 99i showas p@ctFth)

Fig. 1, the rectiyfiess gidératei3thee WilpERse bagplliedmib! athe t R atdifagAl
t he out put of - the arnature wi ndings 14 -at the 30 |evels showm in the
graph of Fig. 11PTRPAE¥ring now-to Fig. 10, there is illustrated a further

enbodi ment of the inventi oFusithelr,i thet signad fromornhendaion astd lcompensa-
Syatem metudes SI0B BurbhaR AR ap se Sn fepel (BE IhE! sBUAGHRC BugY
fr equency vriQagdeVeanBﬁebUaghstsquarCIUaystoapl&}aaoﬂbﬂﬁﬁ dgdrdhe inte-
v grator 104 to vary the pulse wigth delivered to the ro-
tary transformer primary winding 24. As seen in Fig. 9a,
the pulse width is relatively narrow, owing to the nega-
_ tive level shiftiﬂg of the sawtooth signal due to  the
15 summing of the negative signal.from the gain and compen-
sation circuit 100 with the signal from the integrator

104. '

7 to generate the Voltage applied to the transforner primary. Furthe;§§§?§
/')e

However, as seen in Fig. 9B, under conditions

of maximum load, the pulse width is increased signifi-

20 cantly since the gain and compensation circuit 100 intro-

duces no level shifting to the ramp signal, and hence the

rotary transformer primary winding 24 receives a voltage

O which is nea:ly/; square wave. It can be seen that this

action causes the main field excitation to increase

25 during fault - conditions, thereby insuring continuing
self-excitation.

'As previously noted with respect to Fig. 1, the
rectifiers SCR1-SCR3 are phased back to maintain the
voltage at the output of the armature windings 14 at the

30 levels shown in the graph of Fig. 11.

Referring now to Fig. 10, there is illustrated
a further embodiment of the.invention which is utilized
in conjunction with a cyclo—conzgrter generating system.

- 7



field winding 16. The winding 16 receives dc current 5 fromthe
secgndary 26 of the rotating transforner 22. The voltage regul ator 28 shown
in/hY\ 3 is utilized to control the conduction of the rectifiers ’
SCH R5 -and thereby control the portion of the genera- tor output which

i spled to the primary 24 of. the 10 rotary transforner 22. The out put
fromthe six-phase nmain generator 120 igecoupled to a cyclo-converter 122
whi ch converts the six-phase variabl e frequency voltage into a three- phaeg
fixed frequency voltage. This voltage is coupled 15 to a filter 124 and

s 08 126me Tha Nld-aind eagh&baeoa%emra's}%@émua%mﬁaée 3 1 ol

SCR' s Iocated |n converter. to limt ut current rlng ault

con- ditions. G%ErBFPi H?Pf@héﬁt‘e dg¥eleps Fﬁe'PBPts&gé’al’-'é@lﬂ]&- TRIUERGI i n
Fig. 3 and th@blﬁh@&ﬂfrﬁm the. maenwubd fhelaOseth&b by @c radditingadaigpsi ne

six phases.  Eield VHodg 18.C0ME) WipRads 1V Feceluan) o8 sile,
energi zi g a fromdther seconddry B¢ of ther cotatibgeiiransformex &8 .ng means
for developing nmain ggaergy qué @equﬁgggevgs 2howh iﬁt?g% ngi g

generator field w nding coup opi ng_neans r generat| ng

a noving mai nugdhéredortiaARALIOY | é‘-IhG songucténnr yofmitheemaghifiers

armature di spgeRd,stRs hha mﬁbﬂ%&rﬁw tﬁ@gﬁéftﬁonfb@ ¢hef Yenera-
generating nain Xcitation

control correrQFnd’“%%%ﬁ gthSéh%I ﬁ&“?ﬁ@avoq‘?a&@eatp’t'mamaéo n€§n§h

coupl ed t1® t heotagy tpahafermersi2ey neans U

The output from the  six-phase main generator

120 is coupled to a cyclo-converter 122 which converts

the six-phase. variable frequency voltage into a three-
phase : fixed frequency voltage.- Thi;’* voltage is coupled

15 to a filter 124 and to a load 126. The voltage regulator
28 may also be used to phase—control SCR's located in the.
cyclo-converter to limit output current during fault con-
ditions. The only difference between the voltage regula-

tor shown in Fig. 3 and that shown in Fig. 10 would be

20 that three additional cgsine modulators must be utilized
to control the .gating of an SCR for each of the six

R

phases.



for detecting when the | oad voltagé is-1ess than a reference val ue; 15

means for sensing the voltage armature; neans_____
responsive to the detecting nmeans ar“lm”mmwﬁﬂﬂmmdevel opi hg means -
fhe armature vol tage sensing means fof controhl| fig e mai n generator j
current 20 in response to the sensed voltage at the main generator
armature when the sensed voltage at the |oad is |l ess than the reference
vaLue and means for limting the main generid of output current when the
sensed voltage at .the load is |less than the 25 reference value to

mai ntain the main generator armature voltage at a |level sufficient to
permt conti nu&i&y- excitation of the generating system whereby current

is delivered tp tahp diRRtTicalt @émmgﬁmdsysleeﬁebyr&* Sceneﬁgizihg

| oad fromthe generating }/_% mﬁé stemfccordlalg claimi1,
wherein the |in&i ng an8TPHEFRG nﬁéfns q‘orckﬁch‘é PReakeF 1 en?naéPF‘?f@Sed
to the | oad and mesars fﬂcDrredelvengpSnlgh maﬁnentgeﬂmtlotr extieels acﬁef‘enence

val ue. 3. éssysiae[“z%%%_ 'Hglﬁorgéﬁﬁét&#e%‘i@l@ ﬁkﬂbﬁhg""f@@ﬁ&&d to tn&

L M _ means contrors
generator field dwmng meam%sé"@ﬁ‘segerlﬁf‘a‘tm §erﬂ@é’dn8vdll4ia'gegeacraher

l'oad when such vpidraid S ﬁre@.%t er gl h%‘&a‘tﬁ%né@ﬁrerﬁa‘iﬁ VgbHEraforA a¥maheldtre
according to agﬁé)recedl ng claim wherein the devel opi ng . neans |ncI udes

a rotary transtigRRFehavitg eI nBAID akfNeFALOTuarBPERG ik ngsiedtg for
wherei n the contgerdratginmgeanmainc| ettt r oukpdtr ecdudredit, and an

s 10 excitation control comprising;

\_ means for sensing the voltage at the load; _
means coupled to the 1load voltage sensing means
for detecting when the 1load voltage is 1less than a
reference value;
15 means for sensing the voltage at the main generator
armature;
~ means responsive to the detecting means and coupled
to the developing means and the armature voltage sensing
means for controlling the main generator field current
20 in response to the sensed voltage at the r_na_in generator
' armature when the sensed voltage at the locad is less
than the reference value; and
N . means for lixﬂiting the main generator output current
N~ when the sensed wvoltage 'at the 1locad is less than the
' 25 reference value to. maintain the main generator armature
voltage at a 1level sufficient to permit continued
self-excitation of the generating system whereby current
is delivered to trip the circuit breaker and thereby
disconnect the load frdm_ the generating system.

30 2. A system according to claim 1, wherein the limiting
means includes means for sensing the c_:urrenti delivered
to the load and means for reducing such current when
it exceeds a reference value.

3, A system ac_cording to either preceding claim, wherein



coupled between the main generator armature and the 10 primary

W ndj of the rotary transf i"muuﬁulnullmlust em according to claim 4,

whe a cosi ne nodul at or a gate el ectrode of the

con ed rectifier and the det éct t ng means to control the current
del™ered to the primary winding_ of _the 15 rotary transfornmer. 6. A
system according to claimb5, wherein the detecting neans includes first
means for summing the load voltage with a first reference signal to devel ‘e

a point of reference (POR) signal and second neans for sunmmng 20 -
the main g&R€ratePNLERHEINE ¢ MEBNBagLOMWFEUS a tBEcoMPiTef cBBABEREPHNA

to devel op arrl@umat ld:h@'r%h@nahn 7 respAnggst €@ aazaerdsagseao Gbatagé at
further incl l%?’ﬁ gJr st and se ondl i_odes. each havi ng an &fp %nd cat hode,
t he anode of twﬁ?%dguﬁ NG C6F5 €F t%r%"ﬁeerZS sFghafretfie
anode of _thevaéwnd di ode being coupled to the armature signal and the
cat hodes of the diodes being connected together and to the cosine

nodul at or. such that the cosine nodul ator is operated in accordance with the
POR or &rmat dre 4i ghaitemhacRevEingaste hemp Pregedingr it uwbersgin
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5 field Ing cou neans or generating g
Movi ng 10mai npr(}mat"épdlmw'é't ﬂ:be ro&pgy transformer. o

5. A system ‘according to claim 4, wherein a cosine

modulator is  coupled between a gate electrode of the

controlled rectifier and the detecting means to control

the current delivered to the primary ‘winding of the
15 rotary transformer.

6. A system according to claim 5', wherein the detecting
means includes first means for suminin_g the load voltage
with a first reference signal to 'develop” a point of
reference (POR) - signal and second means for summing
20 the main generator armature voltage with a second
referénce signal to develop an armature signal. U

7. A system according to claim 6, further including
first and second diodes each having an anode and cathode,
the anode of the first diode being coupled to the
25 POR signal, the anode of the second diode being coupled
to the armature signal and the cathodes of the diodes
being connected together and to the cosine mbdulatdr
such that the cosine modulator is operated in accordance
“with the POR or armature signal, whichever has the
30 greater magnitude. o ' |

8. - An electrical generating system substantially
as described herein with reference to the drawings.



a stationary main generator arnature_disposed in the mrin generator

magnetic field for ‘generati ng main generator output . current, and ¢
excitation control 10 conpri si ngiﬂ“ﬂ:‘lﬂﬂlﬂ"llﬁtmﬂllng t he average vol
of the three- phase voltage at the | to the |oad
vol tage sensing means for detecting*whén the"averdge voltage at the |oad
15 -is less than a reference val ue, neans fé)r sensing the voltage at the

rﬁa.it,rr generator arnature; means responsive to t he detecting nmeans and
coupl ed to the devel opi ng neans and the armature voltage sensing 20

means for contrgllings thﬁr@mﬁhg@@er@i@étii@éﬂ Cg'éﬁ@ﬂétiﬁgreé?é’{:‘érﬁ tf’ozt‘he

aver age voI tage at t oad whe voltage. 1s greater _than
ref erence L?g% f of EHPHOI IRTREEHE Sai BY gerf® at %}e‘FF%‘P'EIa%nu?'Fb‘ht

in response to td"re Hersdl wdircade drebkerpyaincladengt méard for adéemnd LoEi

t he average vol d j S 4 he reference val ue; mean or
detecting the hr% esttgp gggltggrr%%?i%elsﬁ‘%/%?ee to thxfa tl[’%rz[}é g n%%’?\%r?g r
limting t®e naifiegeherwindingit poeurled ento30 the M@Vﬂk@ﬂng}he&amasﬂor

current. i s great@indhaing reéerﬁw&gggmamde i r BRIt %d’gnéﬂ% "B L1,

generator armature volta & cient  to
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delivered to't rmetin t hgener-atlcbi- bfnagheltland tirebyrep geﬁHeZ%.Q:ﬁ meCt héen
| oad fromthe g Sy, system acgcor
9, wherein the %v op| ng r?é}t%ut | I'?('HPLFC?&t' ?@ar@" t?’éﬁ@f%ﬁﬂg +ﬁ%in

primary 10 comprising:

N means fof sensing the average voltage of the three-
\ phase voltage at the load; o
means coupled to the 1load voltage sensing meané
for detecting when the average voltage at the 1load
15 is less than a reference valﬁe, _
means for sensing the voltage at ‘the main generator
‘armature; '
means responsive to the detecting means and coupled
to the developing means and the armature voltage sensing
20 means for controlling the main generator field current
' in response to the average _voltage at the 1load when
such voltage is greater than the reference =~ value
K _/' and for controlling 'the main generator field current
W, - in response to the sensed voltage at the maln generator
25 armature when the average ‘voltage at the 1oad is less

than the reference value;
_ means for detecting the highest phase current delivered
.to the load; and _ |
means for limiting the. mainl generator output current
30 when the highest phase current is greater than a reference
‘magnitude to maintain the main generator armature
voltage at a "level sufficient to permijc' continued
self-excitation of the generating system whereby current
is delivered to trip thé circuit breaker and thereby
35 disconnect the load from the generating system.



wi ndi ng which is coupled to the, m mf rmature and a secondary
W ndiRg for devel oping the main m n”lﬂl eI d current and wherein
-theZ c&ntrol ling means includes a” p&i'rt sparal | connected controlleds

re rs connected between the . mai n gener at or armature and the

r ot transforner primary winding. 11- 18 -system according to claim.
12, wherein the 10 controlling mneans further includes cosing :
nodul ators coupled to the gate welectrodes of the controlled \ort

rectifiers for controlling the current delivered to the primry
wi ndi ng of tA8- rof\aﬁysFPanE‘F%‘Pﬁ@%nglﬁo clajm Qyoyherein cHheidryeieping ai m

11 , wherei nmetahe 19nc1ugest rol |ﬂ'dl£hrf?‘ﬂaﬁﬁ'afnl$rfbhﬁ\rerl npbydag - aaptﬁ:smamﬂth
nmodul at or coug gg bet ween the main gg ﬁlp arngture and the pri marry

the rotary ttaf BEmfichy 1S goupd Qi Bgtlto &G NATPE, nethe
pul se w dth andulaatsacqnualnydedrailpigjrﬁdn tqe\cﬁldpmlsme)rmam genarakarher ei n
the control | iad) Feansdehd UWlhP dnBhbiA! icht Worfd¥ia AP HIAL" Shd Alges

control I'ing Thie conducti on e transistors to cont curren
del i vered toat h®adm maﬁ? oParatlebt acpnnesistor mntrmud Areq ik lenmase

el ectrical genAeatidy w&:&m f@lﬁe2=5maineneééhéi‘é‘ﬁola | aadhakthde | Sand
prot ected by ?‘ Ci rPQ‘UIt reakg I ncl uﬂ“ &ﬁ for devel opi ng main
generator fi &8 EQFRE¥: EranFEeLP§T nRF img e“P”a’El #7814 el d wi ndi ng drivingly
connected to a prime mover and coupled to the devel opi ng neans for

generating a,{ovi qgeﬁgtgﬁner tcgg.dqﬁgweté(? flfbd eh,."éqﬂ,, Ofhe

stationary & n ator armature I'Spos&d it W
gener agor magﬁéttif‘@ tisgd meangendunthes pdlfsﬂglm neﬁ%ig'@sﬂerm@laﬁnmt :
current, andcaipgai t ad ONLRENt gdte ONPIaStASdes 020 the controlled

rectifiers for controlling - the _ current . delivered to
 the primary winding of the rotary transformer.

12. A system. according to claim 11 , wherein the
15 controlling means further includes a pulse width modulator

coupled between the main generator armature and the

primary of the rotary transformer. '

13. A system accordlng to claim 14, wherein the pulse
width modulator includes a plurality of transistors
20 and wherein the controlllng means includes a plurality \')
' of cosine modulators for controlling the conduction o/
of the transistors to control the current delivered
to the pr-irﬁary of the rotary t_ransformer.

14. A thrée-phgsé electrical generating system for

25 energizing a load that is protected by a circuit breaker,
including means for developing main generator field
current, a rotary main generator field winding drivingly
connected to a prime mover and coupled to the developing
means f‘_ob generatiﬁg a moving main generator magnetic

30 field, a set of stationary main generator armature
winding_s disposed in the main generator magnetid field
for generating polyphase main generator output current,
and an excitation control comprising:



ﬁeans for sensing, the average phase voltage at the Toad, means coupled yG ™
the | oad vol tage sensing neans for dﬁwuummm he average |oad 2>/
yoltage is less 5 = than a referen EWJ' or sensing one ph

vol tage at the mmin generator armature; a rotafy $ransforner having a
primary wi nding coupled to one phase of +the main generator- armature
and ‘a 10 “secondary winding coupled -t80 t+he prine nover for
déyel oping the main generator field current; nmeans responsive to the
det ecti ng neans anBi®@B8pl £8Tt o SEMS1NG, el B}F ngaKRBASC anPhESe aveditage at
vol t age sensi ngtpeansa&or controlling the current delivered to the 15

rimar winding of the rota transfornmer, in response to the voltage at
Fhe na?n generatormﬁ?ﬂﬁtquuﬂiéﬂ t%@ a&BFag&°ﬁﬁas€' d8fge SANIINE | FRENS

| ess than the pfedet éetentingal wieerandcteor avertagel | 1ogdt heottagentislel jemss ed

to the prigary %b iggrg%e%ﬁgbéqégi e iransfornmer 20 in response to the

aver age phase voltage a | oad” when such voltage is greater than the
refence val ue; neaf€argr LeRnsiPRNIINE hiYrrestPhARS e Aktage Y i vilreed main he

| oad; and / generat8Pa@dmat@Fe; | imting the current delivered to
t he 25 | oad when _ the highest rphase current is greater than a
refence limt to n@i ACIRRY: HEARRIRTgETe RAGING AuPiBarY Migkling £ouplad

sufficient to peon dtneonphased ol ftiexCinain Orgenerdtor t hﬁbmatﬂfﬂﬁr aén;ljdlgoa
system reby S l,ivered to trip,the gircuit, breaker an
s 58{§5{1§%£¥ ad’ iﬂ ?&n thecog%‘ﬂ]e?c;ti %§ sy¥iem Prime  mover for

t her eby di'Sconnec o]
. developing the main generator field current: :
N/

\“/ means responsive to the detecting means and coupled

to the developing means and the armature voltage sensing
means for controlling the current delivered to the
15 primary winding of the ‘rotary transformer in response
to the voltage at the main generator armature when
the average phase voltage at the load is less than
the predetermined value and for controlling the current
delivered to the primary winding of the rotary transformer
20 in response to the average phase voltage at the 1load
when such voltage is greater than the refence value;
means for sensing the highest phase current delivered
to the load; and _
., means for 1limiting the current delivered to the
\ 25 load when the highest phase éurrent is greater than
a refence limit to maintain the main generator armature
voltage at a 1level sufficient to permit continued
self-excitation  of ~ the generating system whereby
current 1is  delivered to trip the circuit breaker and
30 thereby disconnect the load from the generating system.




