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2 76 Generator Shorted Di ode Protection System The invention relates to
a rted di ode protection systemfor a brushless alternating current
generator. 5 The creation many. years ago of brushess alternating
cd??ept generators in which field excitation i.s supplied fg h
al't'ermating current exciter and a rqtating rectifier asserﬁ)&gmgﬁl ways
faced the i nherent problem of deteégrng a shorted diode in the rotating €
rectifier 10 . assenbly. The presence of a shorted diode in the

rectifier assenbly establishes an intermttent short-ccircuit across the
exciter winding and if the exciter field excitation is maintained, heavy
short-circuit currents will flowin the exciter armature 15 w ndi ng.
These. heavy short-circuit currents can result in extensive danage or
destruction of the exciter and possible danage to the main generator and

ot her system conponents. Anpongst the effective solutions to these shorted

20 di ode problens i.s that put foward in United States Patent

Speci fication No. 3,210,603 wherein there is shown =2- rotating field
generator in which the exciter field current is nonitored and the field
circuit interrupted upon failure of a rotating diode. A current

t ransf or L | e (] the rrent to a diode 5

bri dge r2§§?§€§$kgﬁdéﬁékggﬁt8?$Qéu§§%5%§ﬁﬁﬁﬁa%¥§Efﬂnode, the ACripple in
the field circuit.'increases in anplitude and decreases in frequency. - The
rectified voltage fromthe diode bridge rectifier .and RC filler increases
in-anplitude and actuates a relay to open the.field circuit. 10 The

af orenentioned is additionally effective to isolate the direct current
conmponent of the field current fromthe alternating current conponent. It

I's recognized thakmihgnyention relates to a shorted diode protection

*

sysiem'%or a brushless-altétnabiqg current generator.

5 The creation many years agb of brustless alternating
current generators in which field excitation is supplied
from an alternating current exciter and a rotating
rectifier assembly have always faced the inherent problem
of detecting a shorted diode in the rotating rectifier

10 assembly. The presence of a shorted diode in the
rectifier assembly establishes an intermittent
short-circuit across the exciter winding and if the
exciter field excitation is maintained, heavy
short-circuit currents will flow in the exciter armature

15 winding. These heavy short-circuit currents can result in
extensive damage or destruction of the exciter and
possible éamage to the main generator and other'system
components. - | .

Amongst the effective solutions to these shorted

20 diode problems is that put foward in United States Patent

Specification Fo. 3,210,603 wherein there is shcwn



desjgn of. the current transformer is critical since the transformer is .
bi ased wkth direct current. The direct-15 current -bi as being equal . 6%3)'
t he, average exciter field anperes. This direct bias requires a heavy and
costly transfornmer. The invention to be desgribed herei-nafter requires no
transfﬁgyer and is free fromany of the problens of isolation attendant
wth't detection of a 20 current conponent. Another solution to the

shorted. di ode pr%ﬁ&iﬁ%tf'ﬁéld @énéﬁa&h: fanﬁhi@ld thét escPoeenfield
Spebvflcatlon No

d
seri es re5|stor|?P%4ﬁP%xt§t% n¥$8¥398$$E3F$gmf acégfgﬁit g?%gﬁtggtgd
transf-orner connaspan xibssetdf acsotabing hdiaqgh. a DCGutpehtnyranpformer.

The voltage, outpulyofel g Lighef OFUBkebSnEORDEhE ch bt aHO L8N E1 bkt o

to.a diode bridge'r ier Fen regu

Hyvarinen & al M%ﬂﬂeréﬁﬁéée&nam Renfiittere. c‘éﬂ%ﬁlﬁglkﬁfe °chr€ﬁPt’etol'
the exciter fiel dghd agre feaﬂnA&eeréwoéieaewrpﬁ@féagaal ihOainptitude

| | at
o For ded by meancidrapPrearen 1RePeRenPBRY}: FHSCLR bhE LN BRELASRERPRG,
vel t age exceeds ahefdiedecbriadge regthfien andbRC36illerdéscrebeds in
her ei naf t er prov“é@?%ﬁ?&deegng ngugtgéegtrgfafﬁt?ﬁdﬁeﬁ h8CPHel B! ¢ FPSu:t

incl usi on. of he circult
thereby rdduci ng The pbesemet¥9neév55aﬂﬂdib$°@§k%ﬁneﬁ€e$§iV9r§°a§581F$8tor

in the reliabili tﬁ/hé’fdif'écéh@ﬁiﬁgné'ééﬂpdﬁbﬁﬁt enthérhexenaeahreemr gyoficthe .
shorted di ode protection _

Lt t :
generator of the 3l tﬁ?%%ﬁfﬂg éﬂrEﬁEFgF?BBBPEnEXc?i%?l??ggg éﬁﬁ&eﬁ th the
system i ncludi ng deeignfof thescogreht tohhafierxieif bscaritlicady eincehthe

exciter field a”dt:anéfBrﬁek“Qstﬂfa¥85téﬁﬁhdhELS&E”Eh@Le&&th The direct
B 15 current bias being equal to the average exciter f1eld
o amperes. This direct bias requires a,heayg and costly
transformer. The invention to be deecribed hereinafter
requires no transformer and is free from any-of the
problems of isolation attendant with the detectxon of a
20 . current component. _ :
2naother- solution to the shorted dlode problem is
that fet forth in -United States Patent Speci‘ication No.v
3,534,228, which shows a sensing circuit including a
- series resistor in the exciter field circuit with a
25 'voltage transformer connected across the resistor through
a DC blocking capacitor. The voltage output of the |
transformer is connected through an RC filter to. a. dlode :
bridge rectifier and to a. f1e1d current regulator. The
Byvarinen et al patent requlres an AC conductrve coupllng
30 circuit to the exciter field, to produce an AC -error
voltage proportional to the oscillation or rxpple 1n the.
field current. Shorted diode protectxon is afforded by
means for 11m1t1ng the exclter field current ‘when an AC .
error voltage exceeds a reference. The_lnventzon to be
35 described'hereinafter_provides_shorted.diode protection
without the need for the inclusioniof;heavy current

™
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H tage differential conponent falling.within a predictable range of values
, ver a nor nal generator |load current.range and falling within a hi gher .

-~ range of val ues upon the. occurrence of a shorted diode and having a 15 ~
-generator | oad current conponent, “and means responsive to the first out yt
si gnal "such that whenever tHhe3veltage differential conponent thereof. :

exceedscanpbhcnes vl AGCesbihcoeitudh YahUS SRE-BRS. BeBURLHAY: e“eratOE‘J

| oad curren range Secon
i nterr upessheibhty gi o¥erahl of © heomRenent faéﬂnreme prcﬂas@prsyim em

: aCCOfd'GﬁetPeiﬂﬁbiﬂieﬁtanthé ea&%tealaibaesaétaékeoﬁor a generator.
including a statlonar¥%arnature menb d a rotatable menber carrying 25 a

fi-el d windi nfPeahMESREieR PEOYRESS 2t ShPBHEAy NERBePTRRLLFARE a field .
Wi nd ngsyaeelemnfornatwmmebera1aéﬁhabiﬁg\/\chhreﬁtdgéﬁb@h&b&eo&ee‘aer of the

e Bl OFEL1 9k o TERERRIRRRREE LREAERM F Lol 0 BBk, 2 s Cand
t he gensystem inelud¥ngdi ng to supply direct current excitation thereto, .
and neans 1 Ghe SHBPP NGeALIRE" thY! V6 LAk éﬁrﬁeﬁéﬁtﬁﬁi Lgﬁbgkuﬂ%'ng -

. 35 Preferred e ent scussed. The
first ce¥elterafiekdecandtmabiintexing the veltase differentisl with

el qcnrlgahéya@@ﬂpi@ﬂda@ﬁﬁﬁént hﬁoeﬁﬁb{&&e a firdt Bbebdtmeaghaq and i ncl udes
a nultl er elec |caII¥ ﬁoug gg go eXC|t§ g Hdlng
n1cropr r8 ¥OhhRge (f1fHereREdA E?TEQ??“Er ah éﬁEnV1§ dn & al so
' predictable range of values over a normal generator load
" current range and faliing within a higher range of values
upOn the occurrence of a shorted diode and having a
15 generator load current component, and
means responsive ‘to the" first output signal such that
whenever the voltage differential component_thereof exceeds
a presemrt voltage differential value for the prevailing

_GE?; genefator | oad current to prOV|de a flrst out put si gnal haV|ng a

.—t

'generator load'current in the normal range, a second output
20 is generated to interrupt the energization of the exciter
field. ' . : :

The protect system according to the invention is’
particulariy suitable for a'generator including'a - ,
-stationary armature member and a rotatable member'carrying

25 a field winding; ' ' '

an exciter hav1ng a stationary member carrying a field
winding and an armature member rotatable with said '
'rotatable mémber of the generator, '

rectifier means mounted for rotation with said

30 _rotatable'member'and-electrically'connected between the
" exciter armature member and the generator field winding to
supply direct current excitation thereto, and

means for supplying direct current to said exC1ter
field winding. ' ' '

- 38 Preferred embodiments of the invention will now be
discussed. ' -
The first circuit arrangement for sensing the voltage - .

:differential is electrically coupled across the exciter



electrlcally coupledtothe rrultlplexer The rrultlplexer Is 5 adapted to \
receive signals fromeither side of .the exciter field winding as well as a '
control signal fromthe n1croprocessor A.load current sensing circuit i's
coupled to an output of the.gerierator and has an output coupled to the 10
nultlptexer The circuit arrangenent for sensing the voltage differential
furthetilncludes a digital to anal og conveyter electrically coupled to an

out put fromihe nmu | exer, The converter provides. the aforenentioned
fireL output 15  sTiFid WANdiRE And dRcoueash s MHEIRNGRET: <o GGt

cgrrpgneﬂt of whi chcm.iplem etd hette tehe iyeadifielld Qvirrﬁ'lmf OfA v:ﬁldmd xafcdafrshdrn is

t he hi gher ranges es. .upon t celrnence o orte i ode, e

'second circuit ar r%%rée }i::taﬁj %%qfnfﬁ a?“é‘(?“ggeé’l?é’r C‘cﬁ1ﬁ ©rel ay

driver electri cal Iq/lm:plmﬂ.ltw eoure’llaay tonaamtuJaIﬂpdrem.t [the eiudytipdrexent sis

the interruptiqh ladfife el Beddivi Dliddi® Pt Yidetl L1dae the exciter
as stored r% | ﬁ

m cr oprocessor ereln a range of present voltage fferent
val ues over the norifdd 2indinkragt ellosas (%mrqlarﬁt&naslu(ﬁ?%eﬁh%enever
the second out put ﬁadysgrdaggggﬁ a preset value at any given load current

I'n the normal range, the y is activated to nterrupt the exciter field

Finally, a resistance M wrresth rs(ﬂqsiﬂgy é"lré:é’tir & (SPUPTHATh % AT Gt

tthe 30 excitatiorof it—ﬂei garrairatg:mranﬂ dds \dratoubputf douplesd by tihe her eby

danp out any ner@hﬁ]éﬁei Iexm tati on when a shorted diode .is detected and
e

t he energlsatl Keiter field wi nding interrupted. The invention is
illustrated by the drafhiyscisfcudti girrapgement Higguisensiing £hecvaididge

di agr am of a genercﬁfﬂ‘eﬁéiﬁﬁﬁ! furthere THRAideE teb‘?ii'éi\&earlt '3 analog converter
electrically coupled to an output from the multiplexer
The converter provides the aforementioned first output
i5. signal to the microprocessor, the voltage differential
component of which is in either the predictable range of
values or is in- the higher ranges of values upon the
| occurrence of a shorted diode.
The second circuit arrangement further includes a
20 generator control relay driver electrically ‘coupled to a
relay. The actuation of the relay controls the"
interruptién of the energization of the exciter field.
' The microprocessor has stored therein a range of
present Voltage differential values over the normal
25 generator 1oad current'range, such that whenever the
second output signal exceeds a preset value at any given
load current in the normal range, the relay is activated
to 1nterrupt the exciter field. Finally, a resistance _
~ element is controllably electrically connected across the
30 excitation field Winding upon activiation of the relay
to thereby damp out any generator self excitation when a
' shorted diode. is detected and the energisation of the
- exciter field w1nding interrupted.
'~ The invention is illustrated by the drawings of which:
35 ‘Figure 1.15 a schematic diagram of a generator system



e 2a  to - 2d are t|n1ng charts deplctlng t he operatlonal- Poe

dheli dcteri stics at various points in the.generator system of Figure 1, with -
d without the 5 occurrence of a.shorted diode;- Figure 3 is a plot

‘the voltage differential across a

| oad current range wth and w tho t a shorted diode present and 10
Figure.4 is a graph-illustrating the |ocation of the preset, values in-:

,|nVentlogﬁbgagﬁggrQggsqgwéﬂyygh.located betmeen t he shorted and non-shor’
operating charagferistics of Flgure 3. ference i s now nade:

-to Figure 1, whFeAYES 23cndRatic 48 aﬁed,ﬁilﬂing ac}b?%%I%%Bl%F5c%9 n%®¢ ng
current gpma&tonaiymnacmdxsms et ivarsidu®pointe Denekator is

convent i
i ncl udes

nerator exciter wi nding over a nornmal~

of

d..
“

338erplok Bystem DOSRUARLY i b BE AL EE L 1 Ttk ea

f ob rotaDcGn!FR@CGWpﬁhaashQﬂﬂfdemﬂdﬂj 11,.a three phase armature w nding
--12 and a recti gighras3eily \a J;:r'iot B i{lf‘e?tw}dl Ggéséﬂ@eb'e&@ia:ﬁ electrical

connected to the field winding 2 as. s own an

ly.

I'ncl udes di odes 14, 15, 16,

1715 aRGEOSS AASEREEATSY exCifint W INGUNG QN ORI BIOTRAL TP83i ded, vhi ch
forms pachrcbnthe_aatgetomiw @tid! e thiuts o Vshor €&l ed bode pﬂé@dﬁtgonductors
ng. 23 are depicted exiting the-dotted outline of the three phase

stator mnn ing 20 and entering a._current transforner arrangenent desi gnat ed
b¥0br oken 30 Figuiree 4048 26 graphe ilgustratiolg the Locathentefinther ner

21,

arr angenpaesdt W'a'lluel.%e ISR 19 M iord i e

r{@éf’o
gener at or conventional nature 1s e I n conj uncti on wth a

full mav%°Fé$F§fP@FWBFPdééesfhﬂﬁiﬂf\ﬂQ41QRRN&#R#%%%I°H%¥?§bEQregulator
conponenthagdelt e2d sitideasior ¢idudld |3 capacitor C, resistor [err] as well

- . diodes

15

20

25

30

CR1 and CR2,. which are in turn

-
BN

Reference is now made to Flgure 1 whlch is a schematic
diagram of a brushless alternat1ng current generator .
system embodying the 1nventlon. The generator is

~conventional in that it is provided with a rotatable

assembly 10 wh1ch includes a rotatable shaft not shown,
upon which there are mounted for rotation therewith a
'f1eld winding 11, a three phase armature w1nd1ng 12 and a
rectifier assembly_13. The rectifier assenbly 13 is
electrically connected_to the field winding 12 as shown

- and includes diodes 14, 15, 16, 17, 18 and 19. A three

phase stator winding 20 is'provided, which forms part of
the stator structure not shown. Generator output
conductors 21, 22 and 23 are depicted ex1t1ng the dotted
outline of the three phase stator winding 20 and entering
a current transformer arrangement des1gnated by broken
line box 26. The functlon of the current transformer
arrangerent 26 will be explalned more fully hereinafter.
A permanent magnet generator 30 of a conventlonal ‘nature
is employed in conjunction w;th:a full wave rectifier
bridge 31 along with conventional voltage regulator

Jeb&E - shoR! Manent magnet

as
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electrically interconnected as shown to electrical |eads 32, 33 to either gﬁf
side of an exciter field winding 36.. The 5 exciter field wnding 36 is
mount ed op~a stator, not, shown, and-i,s provided with direct current
excitati fron1pernanent magnet gener at or. @0 via the full wave rectifier
bri dge 31 through the el ectrical connections and conponents her ei nbefore
shown 3ﬁH descri bed. A pernanent.lo magnet- :fi el d nenber, not shown,

dri \&ig fromthe rm:mpojmrﬂrmtmctsfﬁ ttr amssics tron hpmpafmdm S of esiktor

t hr h connecti gns 0 L |V, d-to
exciter field w (r#c.'ll ngékgéF en%\e/erﬁ?ﬁ%@rgiﬁ %ene or s &f &gedf%t %ﬁf,ﬁ
Normal |y closed islegkricslly intenconnecied 3@ shbwy to cekeatwical |keatls
41, 42 and 43, wyxh ieads émféxcqmctof t&h %'ﬁ%ﬁ@iéﬂ%ﬂﬂ% fqose-@&b

with full wave rectifier bri openitng of_these normal Iy ¢

breaker com acts eXCitgf afri‘cf’]s‘g %qqi% @&%lwm O A 8EHR% MRt er. At
this point in thshclh, andleixrpruvided twith dfffect airdentnodxeitwtidmef rom

open 19 of  hese SR PGS shiun o 4 St pd TG v Woud¥s 0T
general |y desi gndwdidsy 3lefthrough mhasrdlectﬂcaid mmmcﬁm éd 25
forked arrows ar %&ﬂﬁ%éﬂf@' 1¢ éieﬂfm (fw “éﬂd’%é’siﬂﬁé‘@d I péridi @it

48 and lead 32 at p ol t age net wor , 47 proyvide on

| eads 50 dfd 51 m@mfaﬂ%m@hm QW ¢ e@'et‘sqxgrfammmm upon
the val ues sel ectgshdratom st dialistenotelsdwn 5 rdsilds Ih and tieradgh and

reans shown | SRR FoRP AR, (I, SR cvaTedbe 0T
exciter field wi rd;blngr%damb mtmstemefmild atjmdﬁtfq Semlienever themain or
lmcj)?g Sféigpt a;“p%%@{ not ed cont| nuo ﬁyf (r}faé:ﬁ?gvlgfs VO téa&?a bsli-é-na s on
| eads 50; 15 contacts 37, 38 and 39 are shown in leads .
which leads interconnecehthe permanent magnet generator’ 30
with full wave rectifier bridge 31. The opening of thése.'
' n&rmally closed breaker contacts 37, 38 and 39 will be
explained more fully hereinafter. At this point in the
20 description it is sufficient to note that the opening of
these breaker contacts 37, 38 and 39 will interrupt the DC'
power to the exciter field winding 36. .
‘A pair of voltage divider networks generally
: designated by reference numerals 46 and 47 and assocxated
25 forked arrows are electrically connected respect1ve1y to
lead 33 at point 48 and lead 32 at point 49. The voltage
divider networks 46, 47 provide on leads 50 and 51 to a
multiplexer 52 reduced voltage signals dependent upoh the
values selected for voltage divider resistors Rz,'R3, |
30 "Ry Rg, and voltage divider capacitors Cl, C2. _
A circuit arrangement 55 or sensing means shown in
“dotted outline senses the voltage differential across the
exciter field winding 36 and pairs the voltage
differential with generator load current in the manner to
35 be set forth hereinafter. The multipiexer_as previously:
noted continuously receives voltage signals on leads 50,

s



¥hi ch voltage signals are directly proportional to the voltage'sen§%d'on

ler 'side f exciter field wnding 36.on the | eads 32, 33. The current .

.3 ansformer arrangenent 26, shown 5 . schematically, continuously '

( elivers on leads 27, 28 and 29 to7a three phase |oad current averaging ™ - *
circuit 56 signals |nd|cat|ve of the load current the generator is being

. called upon to deliver. The load current averaging circuit 56 has a sivgle
output &1 vl vaktage i sidmals axel dicectilyoproportionpletor th2  The

mul ti pl i ,;é){a | r stem 60
via |l ea J_éaéﬂé? t|€#e§g$b%5a%ggggqglng?glgﬁggﬁkﬂarggﬁgiggoétlead 58 t?f
an anal & theiikgads IdndPter 59. The analog to digital converter 59 -
converts the S.Mfﬁléﬂ:uﬁéent ‘ti AR Of oBhkPNaPPahgefleh8 26,astbght al formon lead

pBogr ampenemneiiatter “EoREERRRes X A al1 vete 28, TusaRn A, BRC Rt r ol of
the si gre8 ton d cthr &4 . phase t hoadi curpent caveragbngenireuiy 36 admts T
and pas%{l?{ﬁ d Uttt veSof ﬁé%@@%ﬂ%&&getﬁég eharat V\ﬁkeggs 50, 51 and -_

aver age current si.gnal uen e in t he vol t age
and | oadredg GRlled mltﬁ ¢slravetaue1‘heflee§t GHrEepEnA¥Rragiss t he

i cr opr QGeERA’t %tmmogim ot paY 6H9Déadf§17 which ikeasons that will
Bﬁcone %[ent erei, fter ng ntcrgﬁg § sor igquires ‘a _pai,r of

ndi t i ores pltiphsxehe %?0@8 bPLEFEF Séoifetermine if
a d|ffemmnhnﬂlledtmgeadsignadeaMmaagmﬂenopvocegsokosgstemrontvdnceeds a
preset falie 63l O Gghd il ffexer 82 hOR'9°65RG1e' BlebiE BruGRARNer age load

current = Wenéver ‘a B de ecte at - excee S the
stored mé&ad/eﬁ%etotaxa gwboslmddi:o téhtCOEVSFQBEI 58s generated on I_ead

68tt0 ?T%ﬁﬂ%h@i C%E?d %fiia&onverterdSSVéénaégﬁseEﬁk @3 gnainch '?
3B S S oA s 58 b BLOPHLE, Stn' Bhe LRBHY By 1
‘use by the microprocessor system 60. '
The microprocessor system 60 is programmed in a
_manner such that the multiplexer 52 under the control of
the_srgnal.on lead 61 from the microprocessor sequentially
20 admits and passes to its output 58 the reduced voltage
' signals on leads 50, 51 and average load current signal on
lead 57. The sequence in which the voltage and load
current are sampled is a matter of design dependent upon
the microprOCessor-System program, In'any event, for
25 reasons that will become apparent hereinafter, the
| microprocessor requires a pair of conditions to be present
 to allow the microprocessor logic to determ1ne if a
differential voltage detected at a given average 1oad
current exceeds a preset value stored in the
30 " microprocessor for-the_given average load current.
Whenever ‘a differential voltage is detected that exceeds
~ the stored preset.vaiue at a given load current, a signal
is generated on lead 68 to a generator control_relay
driver and-relay-63 which is activated and causes the
35  interruption ofathe-energization of exciter_winding 36 by
_the opening of the normally closed breaker contacts 37,
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38, .39 via the nechani cal connection 64.shown in broken line form It wll
be observed.that the mechani cal connection 64 from generator control relay
driver and\rel ay 63 5 controls the clasing of nornally open breaker
contact @6 via mechanical connettion 64a. The closing of breaker contact 66
pl acesy re5|stor 67 across the leads 32, 33,%°to exciter field w ndi ng 36,
thereby* danpi ng out any generator self-excitation whenever a shorted di ode
has 10 been dsg pciedy 8 dehdoneckani dat | Gonéctin 54| sKbwh fhdb%ﬂéhng
|,__nté1c~rupt ed. The ]ggﬁr gocessor system 60 and the generator control relay
driver and rel ay hown and i ncl uded within broken |ine box 65 and -
represent a neans respansiwillSbe obsa:veﬂMmuttmgmeéhmid:ehdcﬁﬁneeﬂtbn

@

t hat  whenever thesptg%ﬁ ?s g?étgewg pégfél 43 ‘g% O%x?é %fego&gal | oad

current ran an o generate on conne rupts t he
energi zat i of teAn&sQl g cthe | elqsmmdmﬁgn@anamy open breamocentnet 66

detail ed operati Qilé)fméélﬁaﬁ’ééﬁ%sﬁné:é%& é4é5 réi’@&'iﬁg SPbEBskbPN
ures 2a h Fi gure on is

h th |
\élv:';eci eg feggﬁguﬁ‘lé’r%tngﬁﬁ c%?la%ﬁ?% ?’?ﬂ-ﬁ?’ﬁsé 2Hhe ?ne}nﬁ?@ﬁo%& %éh tRe

invention recognienasi teetfiekd awninding 36 actlsetw darping dovy! yn¥Fi gure 3
is a plot of the %gigle r at t n g
such as the w ndl'#:ég o"dFéguregﬁéﬂ?efé?z’ﬁ(’)%ne?&%en%rgné?le?%gdséa#eg%g
range wit R@nd vmhemmetmd @néhblme enengization POfkhe lexbbtercfield
field winding 36 Jxa53 i nt EQPESEEgd thereto at elther _end thereof,

el ectrical leads 32 an The reference character and its associ at ed

arrow desi gnate the pm%el@"%‘FPP’é%%e%%"r vﬁﬁ?’éemeﬁ‘ermeﬂé?\ag%?éﬁ ©B" and
its associated ardawessipebdy dhtveri and 4eldy | 6€30afe. sB&wn and inclubea

the di odes 14 thr&*tq{lnl%zoékéﬁ‘%{x% 8&5:?965 and represent a means respons:.ve
15“ "to an output signal on lead 62, such that whenever the
- output s1gnal exceeds a\preset value over the normal load
current range, an output is generated on connection 64
that interrupts the. energization of the exciter ‘field
" winding 36. _ T
20 Before the detailed operation of the system of
Figure 1 is described in conjunction with the signal
timing charts of Figures 2a through-rigure 24, attention
is directed to'Figure“B which graphically illustrates the
phenomendn which the invention recognizes, detects and
25 acts upon. Accordingly Figure 3 is a plot of the voltage
' differential across a generator exciter winding such as -
the winding'36 in Figure 1, plotted over a-normal_load'
current range with and without a shorted diode present.
, ' in Figure 1 the exciter field winding 36 has
30 connected thereto at either end thereof, electrical leads
32 and 33. The reference character "A" and its associated
errbw designate the point 48 on lead 33, while reference

character "B" and its associated arrow designate the point'

49 on lead 32. o .
35 When the dxodes 14 through 19 ‘of the rotatxng

rectifier assembly 13 are in good operating condxtion, the_
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--tifier assenbly 13 are in good operating condition, the -9- voit’gge'
at” point "A" is represented by voltage curve 70 as shown in Figure 3 oo
educed by vol tage divider network 46. Sinilarly, when the diodes 14
( tthrough 19 are in good operating-ggrdition, the voltage at point "B" is 5 =«
‘Tepresented by voltage curve 71. At any given load current, the dlstan;e
bet ween the vol tage curves 70, 71 represents the wvol tage dlfferentlal ot
-across tvoltage tat pobht mhhdimgrepresenhed byewolitageveuneset 78t aisi one of

the di O%ﬁlﬁleliéﬂ)ln Eé‘@“ﬂ@d&@ﬁ gg'9‘0?@5@8%%9%E?dnew%:‘koh%t' ng v’

. generat TRt S as f the
eXC|terSimﬂlFWQYKMWEF@GtheTﬂi%dQGI%AgéhéﬁpggylgoéFSeiFnBPQ@nces t he

vol t age gled ¥t ind cdhdﬁf'ﬂonB thé v6reage at gbmqad-a-v\hsn the generator -
field 11 "acts as v,ol t en there i?é% shorted di ode

present FSRRESRALET Y 5Y8€t5$etﬁ%r§§c?iertie?ﬁYmPhHFﬂg is limted orly
by the \oi.immnf GRSZebéist\algceuheltweé‘hethesvoltagendunfzesha%xGﬂ.ter fiel d

Wi ndi ng %rﬁwmﬁg@ ?ff%?%?ﬁéiaaékrﬁgﬁrtﬁ exgides2 thereby:

bui | di ng I'S vo tage - burld up at
poi nt BEd#ield wndirg 36.2a |evel suff|C|ent to back bias the permanent

rra]gllrlettfull wepe ﬂ@ftbééﬁrdgéég(liéréé thIBeifobhagefaftntaotaabfalea 1}48 now t

ecC a I 1,0 W au en (6] w from poin .
BY o dhaatet Y g iduta Bectne' shaHESar thhcFofStiRg! goRerAtOE vol { aoe

at pmnﬂfﬂbld%iluanhg a9 &iygoltagei enecgy beunbeelneﬂeppebte@fth&meln i's

the poi nlxd) eli014£0) &1 9EiEay0h 1362 CHRYE $31200ePBRAY SR SBALLed di ode

vol t age CUTr'vV can seeh 3 currents the
di f f-er eddinfuencrs agbebv@metat pobutai DA% andt 8BE dov vespPrGtaef 71 is

a'“Bys|g¥3%ﬁd“”‘ﬁﬁ@hdtﬁéeééﬂétaiofofiéﬂa Pft&éﬁg ﬁgoﬁtvﬁlﬂb@@B

15 source as when there 13 a shorted dlode present, the . o -
negative side of - the exclter field windlng 36 is limited
only by the value of CR2 below ground The positive end

" of the" exciter field windzng 36 pumps energy into

_ capacitor C via electrical lead 32 thereby bu11d1ng up the
- 20 voltage at point "B". This voltage build up at point B
o " will increese to a ievel sufficient'to_back_bias the
permanent magnet full wave rectifier bridge'31. The
voltage at point "B' is now reflected on capacitor C and
_ will cause a field current to flow from point B through
25 capacitor C and diode CR2 thereby influenc1ng the voltage
;_'at point A. :

' Returning to Figure 3 zt will be observed plotted
therein is the point A shorted diode voltage curve 72 and
point B shorted diode voltage curve 73. It can be seen

30 that at all load currents the differential voltage between
the. good diode voltage curves 70 and 71 is always less
than the differential voltage between shorted diode
voltage curves 72 and 73. :

Figure 4 is a plot of exc1ter field windxng voltage

35 differential curves plotted over the.normal generator load
current range. Solid "good diode" differential voltage
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voltage curves 72 and 73. Figure 4 is a plot of exciter f|eId wi ndi ng
vol t age 35 differential curves plotted over .the normal generator |oad
current range. Solid "good diode" differential voltage = -10- curves 74
and 75 ake shown falling within a predi ct aB0e range of values with the .
gener for operating at the sarre frequency but at different terrperatures

Broken~ti ne shorted di o ential volt rves 76 and 77 | _
seen to fall V\ntiﬁ"}fvaF% 4 fl% s‘?gﬁfﬂ whhim %e?’f??lch%p%é 78

represent's pr esetrangeuezﬁ StatuEs mitlhetme ogapemmsompﬁfhtiﬂ&emEVﬂietMe

absol ut e-.val ue of Vol 36
I s above the prot e&H éy(;t%'ﬂ éguéri\a;%eelgﬁg éﬁggfﬁﬁé%neraég+g%‘yn¥%$g
relay driver and r@%ﬁ:@ dip |dﬁeﬁfe%¥'¢!'d:i¢k eyolipage r@w g7GAandn7dfax@e
exciter fiegld w idif 3P £RLIORGUKIGh WIHEJR & Cfgﬁiéi gfe@é(_ﬁ;egont acts 37,

38, 39 via nechani cal connectlon 64, as own in ure

ference i s now made to ARFAtRCHLOR rﬁ?ﬁfg’rf@oc‘?’h\ﬁ? \@Pm%"’%r@?$ﬁ¥ ng
charts for a genaraAtuws apimoradd rih Wle mictaprbeésgd) 600, Whenéesr 2ehe

Lo 20,37 el il Jd) S BMIFLL G 101 'WOT RS TRRE N ER Pher

and illustrates tﬂi@hdﬂé&lﬂ@m 38 IiS/\/aﬂh,Oir%d:hG i protegkion wetting ncusve 28, |
82, .and 83qdel i vanRd %{ﬂé&doﬂ"’%&xﬁﬁi'iéﬂ y bde foge d'fleiéf“?%t 4g! he end .

of square wave 83 a di,ode occurs and 1t can be seen ile 25

peak voltage ri sé'é’ it e:ﬂ/é‘r%gié“ﬁﬂ LuRke W%@?FW%@P‘B Qb the wxeitens
volts DC. Fi gurefabalsiﬁmdm Fﬂmtbwfopmiix@&x@immy\td&e@mfe&m sane

time period 2 Figiie 2 9P 4d sk P bbhdh ALP RIS Sh8F, PRk

an |ncreased vol t
in Fng—e 1.

15 F ference is’ now made to F1gures 2a through 28
| 'inc1u51ve, which are t1m1ng charts for a generator
| Qperat1ng with no load at 400 Hz. Figures 2a through 24 .
are to be studied in conjunction with the generétor system
_ of Fxgure l. . :
20 ' Figure 2a plots the voltage at point A versus time
' and illustrates the idealized full_wave rectified square
wave forms 80, 81, 82, and 83 delivered by full wave
rectifier bridge 31. 1In time, at the end of square wave
83 a shorted diode occurs and it can be seen that while
25 peak voltage rises, the average voltage drops from 131.6
volts DC to 115 volts DC.
Figure 2b shows the plot of voltage at point "B"
over the same time period as Figure 2a and illustrates

during the shorted diode condition an increased voltage as |

30 indicated by reference numeral 85.
' In Figure 2c, the resistor divider output voltages
representative of points A and B, and are plotted
separately as indicated by the legend on the figure. The
sudden increase in the A (V VA) at point in time 86.

35 . is recognized by the mxcroprocessor 60 as bexng of a value
greater than the preset value of - protectxon gsetting curve



AR ~indicated by reference nuneral 85. In Figure 2c, the resistor" "

@w der. out put voltages representative of points A and B, and are plotted *
“separately as indicated by the legend.on the flgure The sudden increase in
“the [err] at point intim 86 35 .. is recogm zed by the m croprocessor: BO
as being of a value greater than tJhJe preset value of protection setting,.,

“curve . -11- 78 of Figure 4 and the nicroprocessor 60 provides ‘the outmit
shown i ny i SErfiadrthoahhhe neOnigo B oclessdi 8D P desinec! ated that -
t he |nvent|on deScrib I,ovI ushl ess 5 ter nat| ng current

_ gener at PUtPRE §H9WPeénd Fdgurey @f’ectlon “free the need to detect and use -
field current prohi ehe cui:egatini;l ARl eahO b, Qeafmitweﬁnrdi@tét ode

‘pr ot ect | the detect f
B oL e L Bhak Phb. ShraPtioh; daSkR bR B AR WRRiLRAR) L0 ot o020,

t e eneralternahing therenti generiasos mtbeﬂhqxd:edudwtﬂe/\,henever t he

vol tage Sfét&&@i‘&gakrégr ehe h@%det‘é' li%‘i:efdte'a‘il "¥3 éhtPr eset

val u tored 1-n a m croprocessor system qu%n the I nvention has
been |II9§t$h§%€ grarept ri Grltﬁe@rpﬁlé@ﬂﬁ@@tls&?% diiedearti cul ar

- enbodi Eoteétlﬁbﬁat ef11i bfslwibdibeaapaate@tedzmtwmoid@uﬁféa by he art
t hat v_ar ous E es: maé rg&ldﬁ vmtdh%lft de %l_from the sc l:pe of the
i nventio 68 "Pﬂeo uBs 96n % cﬂﬁst an gxqite -,
o omotipl eﬁeeldcwnnéungr that 2auses rther epmgasza:triomrdﬁ rette cexcinoem. -12 .
- CLA Mgy e].'ld AtéhBE.-t Eﬁt@k?%t%"bﬁ%‘h‘e%zslﬁntee'PJlCUag% et a1
across the - exciter field winding exceeds a preset value
stored in a micrOprocessor system. C
Although the invention has been illustrated and )
15" .described in connection with the particular embodiment o -
) illustrated it should be apparent to those skilled in the
. art that various changes may be ‘made without departing
from the scope of the invention, such as the substitution

. of analogue circuits for the multiplexer, converter ‘and
20 m.icroprocessor combination shown.
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al ternating current generator of the type havi ng an energlzeable ex0|ter Gﬁéﬁ

fleld-mtndlng the systemincluding 5 . nmeans fo sing the voltage
differential across the exciter field and nultlpIeX|ﬁgseﬂe‘VBTF§gE--+_
dlffereﬁtlal with generator. | oad current to: prOV|de ajﬁw i ganal
havi ng ‘a vol.t age differential conponent falling withi mnge
of vaMyes over a normal 10.' generator | oadl2ur rent - range and fa?llng thin
a hi gher range ofeividees upon the occurrence of a shorted diode and having

.a §enerator Ioadﬂnm71wn conponent, and means responsive to the first
out put signal .suck t-‘hah%férg\@@%é’meﬁﬁ@fﬂlweéht fon %&ﬁ&%ﬁ@rﬂsﬁ her eof

exceeds 15 a pre@ﬁ’éerﬂ&ﬂﬂrﬁ%uﬁéﬁ@@%ﬁéﬂtdﬁ'dﬁm ﬁﬁﬁ Maami i

gener ator | oad C%e%iﬁ e norr%z_r edf 3|second ogey %‘%ed to
.interrupt the en Ci

claim 1l whereign the masgens moﬁ&ersamg rtdnet h@l\nztgeagefﬂeiéﬁteau_l alcrioss the
electrically coup 1 t.er; f-i el i | r
nmeans el ectri cal Iéy’?cglotﬁé%lr cekg' aé:{rq eane&(%h‘lﬁ{i)? letgéiq’%%(? E% r&iffeqle%

M r cr opr ocessor |wﬁcumcgﬁﬁana1td1e Msummétwowmee af |ﬁ15t5bm\mut

si gnal , the mult 'éiﬁi‘é_i @'Mt%?%OtﬁQf@‘éﬁlrﬁc%%%QW'ﬁﬂlﬁ%

ei ther side of the exciter wndin a control _signal om the

ani croprocessor. Fithiny s é’rﬁ%{’é&iegﬂlﬁg neRngs Sinvalnat iPvetciadermal -

conbi nati on ﬁld loagédrfetratw&t l&ﬁ?ﬁldwxﬁrf&lﬂdngegolwicﬁd‘atnm fitiin &f Hifgﬂ"xedr

generator; the |oad current .sensi circuit avi ut Qut. coupl e t

the multipl exer ém% edloﬁé“‘tr S rﬁq% &é&ﬁe té‘cﬁ

out put signal is }pa'\mnglead ggnea'anmvelrctaei celrewint mmgomml @hd o an out put

fromthe nultipl exer iSSP AGHY ql r}% \%’%ﬁorﬁcg‘?fgln%ﬂt?'tﬂat
riv

mhereln 35 the second ou put 5| n controls
whenever the voltage dlfferentlal component thereof exceeds

' 15 "a preset voltage differential value for the prevaillng _

' generator load current in the normal range, a second output .

is generated to 1nterrupt the energization of the exciter
fleld. ' ' ' '

. 2 A system accordlng to claim 1 wherein the means for
20 -sensing_the_voltage differential is electrlcally coupled
across the exciter field and includes multiplexer means
electrically coupled across the.exciter winding and to a
mircroprocessor included in the means responSive to the
_ first output signal, the multiplexer means being adapted
25 +to receive signals from either side of the exciter winding
and a control signal from the microprocessor.

3. A system according to claim 2 which includes in

combination a load current sensing circuit-coupled to an

output of the geneéerator, the load current sensing c1rcu1t
30 having an output coupled to the multlplexer means.

4. A system according to claim 3 wherein the first output
signal_is-provided by a converter electrically coupled '
to an output from the multiplexer means.

-5, A.system'according'to any preceding claim wherein
35 the second output signal controls a relay driver
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.Gigectrically coupled to a relay for interrupting the energization of the )
citer field. 6. A systemaccording to.clains 2 and 5 mhprpin t he :

" microprocessor has stored therein a range f ) Lage differential .
r“\values over the nornmal generator |oad curr ﬁﬂgﬁ “ hat whenever the -

“.vol tage differential conponent of the flrs xceeds -the

" . preset ‘value voltage differential for the prevalllng generator | oad
current, in the nornal range, -t he Lelay is 10 activated to interrupt the
energizatlon of excrt |eId accordi ng to.claimb5 or A‘J
claim6 WSS trri eYS| s‘lu:? Lﬁ arts reslagi etsci/ jé?ﬁ?% ¥ across the
exci t at i emengizatiiondiafy theorexadttieratfi®@ldf the relay to 15. darrp out any

generator sel f-excitation. 8. A brushless alternating current ‘generator:
conpri si fy & Sxateghacsconding e wdaiams hend r%tvme;:tﬂfm rilﬂ'lﬂ)er carrying. a

fiel d wingidippraiededr HadBHidied tHA MY YD YT G a]w a 20 field
wi ndi ng and an arna ure nemher rotatable with said rotat e menber of the

gener & ovoltags digferentdaly yales Averoiths aienmal %%?#ﬁﬂ%t abl e nember
and el ectrdamlddrmma@:@é besius?e tHdte whetidvar auwwﬂleudwber and the

t 25 't ditect curs tat to,
means 1 o AEseA ik ttemorshe A che” e, UG (UmATieRat g a
shorted mhﬁdeppeséect\naim%ymtldmacmrﬁﬂmrmiaianmems:hmgevanalmg 30 9. A
shorted :Ee‘?{é"rﬁ?d}l %@dﬁ%uﬂ%‘%ﬁéﬂ S5 UHE TR P Y ES S ”%F fig current

-generato avi ng an energi sabl e exci fie d ng, the

syst df b&cid vahes aﬁﬂ |iélt|e}‘f&§>"'dé?§@r %@(5‘8’1@9&1@%0[1?1 'Qhﬁ @r@icfee!t o the:
' dr awi ngs.field.

7. A system according to claim 5 or claim 6 wherein a

'resistance means is electrically connected across the . -

excitation field winding upon'activation of the relay to
'“15_'damp out any generator self—excitation. ' | |

8. A brushless alternating current generator compr1s1ng
a stationary armature member and a rotatable member
carrying a field ‘winding,
an exciter having a'stationary member carrying a
20. field w1nd1ng and an armature member rotatable w1th
.said rotatable member of the generator,
' rectifier means mounted for rotation with said
rotatable member'and'electrically connected between the
exciter armature member and the generator field Winding
25 to supply direct current excitation thereto,
means for supplying direct current to said exciter
- field winding, _
' and a shorted diode protection system according to
any preceding claim. ' :

30 9. A shorted diode protection system system-for a brushless
' alternating current. generator of the type having an
energisable exciter field winding, the system being
substantially as'described herein with reference to the
drawings. . ' '




