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CfenerRtor Shorted Diode Protection System 

~e invention relates to a shorted diode protection 
. A . 

system for a brushless alternating curr.ent generator. • 

5 The creation many years ago 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 ex6itation is maintained, heavy 
snort-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 damage to the main generator and other system 
components. 

Amongst the effective solut.ions to thes~ shQrted 
20 diode .?.roblems is that put foward in United States Patent 

Spec;:ification t:o. 3·, 210, 603 whe~ein there is shewn 
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rotating field generator in which the exciter field · 

current is monitored and ·the fi'ttld circuit interrupted . . 
upon failure of a rotating diode •.. A current transformer 

couples a signal-representing the current to a diode 

bridge rectifier and RC filter. Upon £al.lure of a diode, 

the AC ripple in the ~ield circuit increases in amplitude 

and decreases in frequency. The rectified-voltage from 

the diode bridge rectif.ier and RC filler increases in 

amplitude and actuates a relay to open the field circuit. 

The aforementioned is additionally effective to isolate 

the direct current component of the field current from the 

alternating current component. It is recognized that the 

design of the current transformer is critical since the 

, transf.ormer is biased with direct current~ The direct 

current bias being equ~l to the average exciter field 

amperes. This direct bias requires a heavy and costly 

transformer •. The invention to be described hereinafter 

requires no transformer and is free from any of ·the 

problems of isolation attendant with the de·tection of a 

20 current component. 
1::1other · solution to the shorted diOde ~ro_blem i.s 

that E et forth in ·Unite~ Sta~s Patent S_peciffcation No. 
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 diode 

bridge rectifier and to a field current regulator. The 

Byvarinen et al __ patent requires an AC conductive coupling 

30 circuit to the exciter field, to produce an AC ertor 

voltage proportional to the oscillation or ripple in.the 

35 

. . 

.field current. Shorted diode protection is afforded by 
. . 

means for limiting the exciter field current when an AC 

error voltage exceeds a reference. The invention to be 

descr~bed hereinafter provides shorted diode protection 

without the need for the inclusion of heavy current· 
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components in the field circuit lines thereby reducing the 
possibility, overall, of component failure as a factor in 

the reliability of the shorted diode detection. 

The invention provides a shorted diode protection 

5 · system for a brU:shless alternating current generator of . the 

type having an energizea.ble exciter field winding, the 

system including 
. . 

means for sensing the voltage differential across· the 
exciter field and multiplexing the voltage differential wi1h 

10 generator load current to provide a first output signal 

having·a voltage differential compo~ent falling within a 

predictable ~ange of values over a normal generator load 
current range and falling 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 presei=tt voltage differential value for the prevailing 

gen~rator 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 

particularl_y suitable for a generator including a 
stationary armature member and a rotatable member carrying 

25 a field winding; 

an exciter having a stationary member carrying a field 
winding and an armature member rotatable with said 
rotatable member 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 

mearis for· supplying_ direct current to said exciter 
field winding. 

35 Preferred embodiments of the invention will now be 
discussed. 

The first circuit arrangement for sensing the voltage 
di:fferential is electrically -Coupled across the exciter 

I' 
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field windihg and includes a multi~l~xer electrically 
coupled to the exciter field winding. A microprocessor is 
part °\. the second circuit. arrangement and. is also 

electri~lly coupled to the.multiplexer~ The multiplexer is. 

adapted t~ receive signals from either side of the exciter 
. \ . . 

field winding as well as a contro1·signal from the 

microprocessor. 
A load current sensing circuit is coupled to an output 

of ·the generator and has an output coupled to the 

10 multiplexer. 
The circuit arrangement for sensing the voltage 

differential' further' includes a digital to analog converter 

electrically coupled to an output from the multiplexer. 

Th~ converter provides the aforementioned first output 
15 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 

occur~ence of a shorted diode. 

20 

The second circuit arrangement further includes a 
generator control relay driver electrically coupled to a 
relay. The actuation of the relay controls the 
interruption of.the energization of the exciter field. 

The microprocessor has stored therein a range of·· 
present voltage differential values over the normal 

25 generator load 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 interrupt 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 winding interrupted. 
The invention is illustrated by the drawings of which: 

35 Figure 1 is a schematic diagram of a generator system 
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embodying the inve11tion; 
Figure 2a 

~ 
to - 29: are ,~imin.g charts depicting the 

operational charact·er istics at var_i.ous points in the 
.ge~rator system of. Figur~ 1, wi t_h and wi th~ut the 
occ~~ence of a shorted diode; : . · · 

Figure 3 is a plot of the voltage differential 
across a generator exci t·er winding over a. normal lo~d 
current range, with and without a·shorted.diode present: 
and· 

. . ; . . 

Figure 4 is a graph illustrating the location of the 
preset values in the inventions microprocessor shown 
located between the shorted and non'"'.'shorted operating 
characteristics of Figure 3. 

15 Reference is now made to Fi.gure 1, which is a sdlemat;ic 
diagram of. a brushless alternating current generator 
system embodying the invention. The generator is 
conventional in that it is provided with a rotatable 
assembly 10 which includes a rotatable shaft not shown, 

20 upon which there are mounted for rotation therewith a 
field winding 11, a three_ phase armature winding 12 and a 
rectifier assembly 13. The rectifier assembly 13 is 
electrically connected to the field winding 12 as shown 
and includes diodes 14, 15, 16, 17, 18 and 19. -A three 

25 phase stator winding 20 is provided, which forms part of. 
the stator structure not· shown.· G·enerator output 
conductors._ 21, 22 and 23 are depicted exiting the dotted 
outline of the three phase stator winding 20 and entering 
a current transformer arrangement designated by broken _ 

30 ·line box 26. The fun.:tion of the current transformer 

·,,"'-, 
. '"\(. 

~:> 

arrangement 26 will be explained more fully hereinafter. 
A permanent magnet generator 30 of a conventional nature 
is employed in conjunction with a full wave rectifier 
bridge 31 along with conventional voltage regulator 
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. "com~orient.s sd~b ·as transis_tor Ql' ·capilcitor c, resistor 

R1 , as~.~·11 a~ dio~es CRl and .C~, which are in turn 

elect:I·¥qal;ty i-nterconnected as show11 to electrical leads 

32,· 3J(::to either side.of _an exciter. field winding 36. The 

.· .. • ::· . . . 
. . 

exci tet:· -field. winding 36 is mounted on a· stat·or, not 

shown, ·a·ncf "is. provided with direc.t c·u-rrent excitation from 

permanent .. magnet generator 30" ·via the full ·wave rectifier 

bri.dge 31 thtough the electrical connections and·· 
. . 

. . . 

components-,h~reinbefore
 shown and' described. A permanent 

10 mc:lgnet :~ield ~ember·, not shown, d-riven from ·the main. 

gen-~r~tor· ·-~haft, also not shown, ·results in and through 

connections. a~d _cq~pon"ents .r. an exciter vol t~ge being 

~elivered to 'exc-i ter · field winding· 36 whenever the main · · 

g~n~t.ator .. sh.aft ·:.is_·. rotate~.· Normallf closed breaker 

~ . . . . . . . . .. 

15 con.tacts. 37; ··3:~ and· 39;· a·re shown in leads 41, 42 and 43, 

which leads ijlter¢.onnect\:the pe~manent· magnet generator 30 

with: fuii ~a~e ·r·ec:ti~ier br:idg.e 31 ~- The opening of these 

nOr~ally ClOSed br~aker·' CO~taCtS' ·37 I 38 and 39 Will be 

explained ~or~ f-u~ly·: her ei·naf~er •. · At this ·J>Oint i-n the 

20 descriptio~ :it .J.s· sufficient to n~te ._that the ·opening of 

thes·e breaker: ··c;ont:acts 37, 38 and 3-~ will inter-rupt the DC 

. . .. ·. · .. 

25 

30 

35 

power to the.exci,ter fie1a·winding 36 • 
. ·._ . . . . ·. . . 

A pair·. _of:·· .;o+-ta9e divider networks generally · 

. . . . . . . . 

· designated· ·._by ·r·Etference ·numerals 46 and 47 and associated 

forked ari:o~s ar_ •. _. elec.trically connected respectively to 

lead 33 at ·pc,~nt· 48 and·.~e·ad 32 at ~int. ·49. The voltage 

divider networ-ks _46,;47 -pr.oviae·on leads so and 51 to a 

multiplexer· 52 · r~duced·:·voltage signals dependent upon the 

. 
. 

values s_elEtc.ted f_or voltage. divider resistors R2 , R3 , 

R4 I Rs I art~ vol t~g-e. di vid~r.: capacitors c1·, C2. 

A c~.r~ult ··~rtang~ment .ss_. or _sensing means shown in 

dotted outline. senses.the voltage differential across the 

exciter fi-.el~·.windlng· 36 a~d pairs t.he voltage 

di ff erentfai 'wi.th genetator load curr~nt ~n the manner to 

be set fort~·_ h~iei~af ter. The multiplexer as· previously 

noted eont"i,riuousiy receives vo_l ta.ge· signals on 1.eads 50, 
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· 51 whi·ch voltage signals are· directly proportional to the 
vol.'Jiage sensed on either· side 'of exciter field winding 36 ~ :: ; .... . . . \ 
oh>.the leads 32, 33 • 

• ~:··.~:· . ~ 1 • • . 

· :::.;;: .·.The cur.ren·t transformer . ."arrangement 26, shown 
~:c;:bematica"11y, con,tlnuousiy ·aeliv~rs on leads. 27,. 28 and 

. 2~: t_o,·.a· -~hree .p~ase: load current averag_ing circuit 56 . . 
si~n·als indicative ()f the load current the generator is 
l;>e~n~i' ca~i_ed upon. t() deliver. The load current averaging 
ci:r'cuit 56 has a single output on lead 57 which is 

10 deli v~r·~ to the multi pl ex er s2. The Diul ti pl ex er 52 is 
9cmt·rol:ted by a s~g~al from. a microprocessor system 60 via 
iead 61 ~ ~he; m~ltiplexer 52 has· a single output provided 

.. o~ lead ,5~ to an·~· analog to ,digital -converter 59. 
'i'he -analog to .d'igital ·converter 59 converts the signal '· 15 i·. : informat·ion on. lead 58 to a .digital form on lead 62 for 

.. ··.use, by t~~ mi~_roproce~s~r ·s;st.em ~o. · 
. ~he m,icropr~cesE!or system 60 is programmed in a 

nianne·r· such t"ha~:. the mul tlplexer ~2 under the control. of 
the signal. ·.6n ieaii 61 f~om the microprocessor sequentially 

20 .admit~: and .. p~ss'es to its. o~tput $8 'the. reduced voi"tage . 
: sign~l.s :~ leads -5.o.,' ·51 and· ~v.e~:age load current signal on. 
lead 57~.; .'.rhe ~eq~en_ce in_ ~hich the voltage and ioad 
current are'· 'sampled is a matter of design· dependent upon . . . . . . . 

. the mleropr.ocessor ·system program. In any event, for . . . . . . . 
25 reason$ .. th•t. wlil become apparent hereinafter, the . . ' . . . . . . .· . . . .· . . 

30 

microproc::e"ss.or --~~q~ir·es a pair of conditic:>ns to be present 
to allow the mic1'.ciproc~$sor logic to determine if a .. :· . .. . .. . . . 

dif~:erentra;· ·voltage de~ected at a given average load 
curr~nt ·exceeds ·a pr.es~t value stored in the 
microprocessor f.or-. the given average· load current. :. . : ~ . . . . . . . . 
When~ver.: ~ .d~ffere~tial voltage is detected that exceeds 
the s"~:~~:ea __ pr~set. ~alue. at .a ·given load current, a signal 

· is 9.e.11:e.rat-ed ·on ·lead· ~8. to a generator control relay 
driver~ and·. relay 63-~hi~h is: activat~d and causes the 

35 inter:r~ption of .the .·energization of exciter winding 36 by 
the opening of the nor~~ily cl~sed breaker contacts 37, 

• 
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38 ~ 39 via tli:~ mechanical connection 64 shown in broken 

line form. , 

It will be observed that the. ~eehanical connection 

64 from generator control relay driver ·and relay 63 

controls the. closi_ng of normally open breaker contact 66 

via mechanical-con~ection 
64,!. ·The closing·of·breaker 

contact 66 places ·resistor 67 across the leads 32,. 33, to 

exciter field winding 36, thereby damping out any 

generator self~excitation whenever a shorted diode has 

been detected and the energization of the exciter field 

winding ·interrupted. 

The microprocessor system 60 and the generator 

·control ·relay driver and relay 63 are shown and included 

within broken line box 65 and represent a means responsive 

to an output signal on ___ lead 62, such that whenever the 

· output signal exceeds a 'Preset value over the normal load 

cu~rent range, an output is generated.on connection 64 

that interrupts the energization of the exciter 'field 

· winding 36. 
Before the detailed operation of the system of 

Figure·l is described in conjunction with the signal 

timing charts of Figures 2a through Figure 2d, attention 

is directed to Figure 3 which graphically illustrates the 

·. phenomenon which the invention recognizes, detects and 

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 Figur~ 1 the exciter field winding 36 has 

connected thereto at either end thereof, electrical leads 

32 and 33. The reference character •A• and its asaociated 

arrow designate the point 48 ·on lead 33, while reference 

character •a" and its associated arrow designate the point 

. 49. on lead 32 • .,_ 

· When· the diodes 14 through 19 of-· the rotating 

rectifier assembly _13 are in good operating condition, the 

~ 
~ 
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·voltage. at point"A" is representea by vo:ttage curve 70 as 
shown in·Figure_ 3 ~educed _by vo~ta9e (livider network 46. 
Similarly, when the diodes 14- through 19 are in good . . 

operating condition, the voltage at point "B" is 
. . 

S represe-nted by .voltage curve 71. _At any given load 
current,· the distance between the voltage. curves 70, 71 

. ~ 

represents·the voltage differential acros~ the exciter 
field winding 36. 

It has been discovered that. if one of the diodes 14 
10 through 19 shouldbec:omeshorted, the rotating generator 

field 11 acts as a voltage energy source in respect of the 
exciter field winding 36. This voltage energy source 
influences the voltage at points "A" and "B" in r4!spect of 
ground •. When the generator field 11 acts as a voltag~ 

15 source as when there .is a short.ed diode present, the . . . 

negative side of the. ex~iter. field win-ding 36 is limited 
only by the value of CR2 below. ground. The-positive end 
of the exciter fiela winding 36 pumps. energy into 
capacitor C via electrical lead 32 thereby ·building. up the . 

20 voltage at_point."B". This voltage build up at point B 

25 

will increase to a level 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 
capacitor C and diode CR2 thereby influencing the voltage 
at point A. 

Ret~rning to Figure 3 it 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 ~_plot.of exciter field winding voltage 
35 · differentialcurves plotted over the.normal generator load 

current range. Solid ··good diode" differential voltage 

.. 
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curves 74 and 1s·are shown.falling within a predictable 
range of values with the· gener~tor op~~ating at the same 

. . . . . \ . 
frequency but at different temper.ature_s. Broken line 

' •shorted. diode• differential voltage curves 76 and 77 are 
seen to fall within a higher range.of values. 

A protection setting curve 78 rep~esents preset 
values. stored· in the microprocessor 60. Whenever the 
absolute value of differential voltage across the exciter 
fiel~ winding 36 is above the protection setting curve 78, 

the generator control relay driver and relay 63 is 
activated to interrupt the energization of the exciter 

·field winding 36 by opening normally closed breaker 
. . . . . 

contacts 37, 38, 39 via mechanical connection 6·4, as shown 
. in Fi9c:-e l. 

._,. 

15 f" :f erence is now made i:O Figures 2a through 2d 

20. 

25 

30 

35 

. inclusi ~e·, which are timing charts for a generator 
operating with no load at •oo az·. Figures 2a through 2d . 

. . 

are to be studied in .conjunction with the gen~rator system 
of Figure l. 

Figure 2a plots the voltage at point A versus time 
and illustrates the idealized fu~l wave rectified square 
wave ·forms 80, 81, 82, and 83 delivered by· full wave 
rectifier bridge 31. In time, at the end of square wave 
83 a shorted di9de occurs and it can be seen that while 
peak voltage rises, the average voltage drops from .lll.6. 
volts DC to 115 volts DC. 

Figure 2b shows the plot of· voltage at point •a• 
over. the same·time period as Figure 2a and illustrates 
d~ring the shorted diode condition an increased voltage as 
indicated by.reference numeral 85. 

.In Figure ·2c, the resistor divider output voltages 
representa~ive of points A.and B,_and are plotted 
separately as indicated by the legend, on the figure. The 
sudden increase in the fl (V8 -VA) at. point in _time 86 
is recognized by.the microprocessor. 60 as being of a value 
greater tbap the preset value of protection setting curve 

) 
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78 of.Figure 4 and.the microprocessor 60 provides·the 
output shown in.Figure 2d. '. 

From the foregoing it can be.readily appreciated 
that the i~vention described prov~des· a brushless 

s alternating cu~·rent· generator with. shorted diode 

protection fre.e · t;he need to detect and use field current 

or field current ripple to provide the shorted diode 
protection.· All of this· is advantageously accomplishe_d by 

the ·detection of a ~ol tage di ff e·renti al across an exciter 
10. . ·field winding that causes the energization of the exciter 

field to be interrupted whenever the.voltage differential 

across the exciter ffeld winding exceeds a.preset value 
stored in a microprocessor system. 

Aithough the invention has been_ illustrated and 
15 described in connection with the particular embo.diment 

illustrated, it should be apparent to those skilled in the 

· art th~t v~rious cha~ges may be made ·without departing 

£r0nt··:the ·scope of th~ invention; such as the subs~itution 
of anal~q~ circu~ts ·for the ~ultiplexer, converter and 
ni.i_crqprocessor .. c~i~at.ion shown. 

·' 
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CLAIMS: 
1. A shorted diode protection system for a brushless 

alternating current generator of the type having an 

energizeable exciter field winding, the system including 

5 means for sensing the voltage differential across the · 

exciter field and multiplexing the voltage differential 

with generator load c~rrent to prov.ide a first output 

signal having a voltage differential component falling 

within. a predictable range of values over a normal 

10 generator load current range ahd falling within a higher 

range of values upon the occurrence of a shorted diode and 

having a generator load current component, and 

means responsive to the first output signal ·such that 

whenever the voltage differentiai component thereof exceeds 

1~ .a preset voltage differential value for the prevailing 

generator load current in the normal range, a second output 

is generated to interrupt the energization of the exciter 

field. · 

2. A system according to claim 1 wherein the means for 

20 sensing the voltage differential is electrically coupled 

across the ·exciter field and includes multiplexer means 

electrically· coupled across the exciter winding and .to a 

miZ'croprocessor 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 contro~ 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 generator; ·the load current sensing circuit 

30 having an output coupled to the multiplexer 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 mul tiplex_er means • 

. 5. A system according to any preceding claim wherein 

35 ·the second output signal c?ntrols a relay driver 


