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“Generator Shorted Diode Protection System

"he invention relates to a shorted diode protection

&

sysﬁem'%dr a brushless alternating current generator.

The creation many years ago of brustless alternating
current generators in whiéh 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
assembly. The presence of a shorted diode in the
rectifier assembly establishes an intermittent
short-circuit acréss the exciter winding and if the
exciter field excitation is maintained, heavy
short-circuit currents will flow in the exciter armature
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 solutions to these shorted
diode problems is that put foward in United States Patent
Specification Fo. 3,210,603 wherein there is shcwn
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rotating field generator in which the exciter field -
current is monitored and the ffe;d circuit interrupted
upon failure of a fotating diode. A current transformer
couples a signal representing the current to a diode
bridge rectifier and RC filter. Upon failure of a diode,
the AC ripple in the field circuit increases in amplitude
and decreases in frequency. The rectified -voltage from
the diode bridge rectifier 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 cr1t1ca1 since the

Jtransformer is biased with direct current. The direct

current bias being equal to the average exciter field
amperes. This direct bias requires a heavy and costly
transformer. The invention to be described hereinafter
requ1res no transformer and is free from any of the
problems of isolation attendant with the detection of a

- current component.

Fnother solutzon to the shorted diode problem 1s
that ¢ et forth in United States Patent SPecification No.
3,534,228,_which shows a sensing circuit including a
series resistor in the exciter field circuit with a
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
Hyvarinen et al patent requires an AC conductive coup11ng
circuit to_the_exclter field, to produce an AC error
voltage proportional to the oscillation or ripple in the

field current. Shorted d1ode protectlon is afforded by .

means for 11m1t1ng the exciter field current when an AC

‘error voltage exceeds a reference. The invention to be

described 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

ISYStem-for a brushless alternating current. generator of the
type having an energizeable exciter field w1nd1ng, ‘the
‘system: including

‘means for sensing the voltage differential across the

 exciter field and multiplexing the voltage differential with

generator load current to provide a first output signal
having a voltage differential cdmponent falling within a
predictableﬁrange-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 hav1ng a
generator load current component and
) means responsive to the first output: signal such that
whenever the voltage differential component thereof exceeds
a present 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
fleld. ' _ L .ﬁ
The protect system according to the inventlon is
partlcularly suitable for a generator including a
stationary armature member and a rotatable member carrying
a field winding; ' ' '
~ an exciter having a stationary ‘member carrying a field
winding and an armature member rotatable with sald
rotatable member ofthe generator,
rectifier means mounted for rotation with-said
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 exciter
field winding. - o
| Preferred”embodiments of the invention will now be
discussed. o | -
 The first circuit arrangement for sensing.the-voltage

differential isaelectrically,coupled across the exciter
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field winding ‘and includes a multiplexer electrically

coupled to the exciter field winding. A microprocessor is
part the second circuit arrangement and is also.
electridally coupled to the multiplexer; The multiplexer is-
adapted tq receive Signals from either side of the exciter
field winding as well as a control Signal from the
microprocessor. _ o

‘A load current sensing circuit is coupled to an output'
‘of ‘the generator and has an output coupled to the
multiplexer.

The circuit arrangement for senSing the voltage
differential further' includes a digital to analog converter -
electrically coupled to an output from the multiplexer.

- The converter provides the aforementioned first output

signalito 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
generator control relay driver electrically coupled to a
relay.  The ‘actuation of the relay controls the
interruption of the energization of the ex01ter field.'

The microprocessor has stored therein a range of -
present voltage differential values over the normal
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
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:
Figure 1 is a schematic diagram of a generator system
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embodylng ‘the inventions

_ Figure 2a ' to - 2@ are t1m1ng charts depicting the
operatlonal characterlstics at varzous poxnts in the
gegsiztor system of Flgure 1, w1th and w1thout the

occur\ence of a shorted diode; R ' ‘

F1gure 3 is a plot of the voltage d1fferent1al
across a generator exciter w1nd1ng over a- normal load
current range, with and without a shorted diode present;
and | | | a '

preset values in the inventions mlcroprocessor shown
located between the shorted and non—shorted operat1ng

~characteristics of Flgure 3

.
~

Reference is now made to Figure 1 which is a schematic .
' diaqram of . a brushless alternatlng current generator

system embodying the invention. The generator is
conventional in that it is provided with a rotatable
assembly 10 which 1nc1udes a rotatable shaft not shown,
upon which there are mounted for rotatxon_therew1th a
field winding 11, a-three'phase armature winding 12 and a

~rectifier assembly'l3. The rectifier assembly 13 is
'electr1ca11y connected to the field winding 12 as shown

and 1nc1udes diodes 14, 15, 16, 17, 18 and 19. A three
phase stator w1nd1ng 20 is prov1ded, which forms part of
the stator structure not shown. Generator 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

" line box 26. The function of the current transformer

arrangement 26 will be explained more fully hereinafter.
A permanent magnet generator 30 of a conventional nature

" 'is employed in conjcnction with a full wave rectifier

bridge 31talong with conventional voltage regulator

Figure 4 is a graph illustrating the location of the N

Ny
.
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"components such ‘as trans1stor Ql' capacitor C, resistor

Rl' as\well as diodes CR1 and CR2, which are in turn

; elect 5?ally interconnected as shown to electrical leads
32, 3 to e1ther side’ of an exciter field winding 36. The

c1ter=f1eld winding 36 is mounted on a stator, not

shown, ‘and is provided with direct current excltatlon from7

permanent magnet generator 30 v1a the full wave rect1f1er
bridge 31 through ‘the electrrcal connections and ’
components herelnbefore shown and’ descr1bed. A permanent .
magnet field member,. not shown, driven from the main
generator shaft, also not ‘shown, results in and through
connectlons and components, an exciter voltage being

_dellvered to excxter f£ield winding 36 whenever the main

generator shaft 1s rotated. Normally closed breaker
contacts 37, 38 and 39. are shown 1n leads 41, 42 and 43,
which 1eads interconnect -the perma .ent magnet generator 30
with full ‘wave rectifler brldge 31. ‘The opening of these.
normally closed breaker contacts ‘37, 38 and 39 will-be '
explaxned more fully herernafter. At this ‘point in the

'descr1pt1on it 1s suffrcient to note that ‘the opening of
these breaker contacts 37, 38 and 39 will 1nterrupt the DC
_ power to the exc1ter fxeld winding 36.

A palr of voltage d1v1der networks generally

: desxgnated by reference ‘nume rals 46 and 47 and assoclated
. forked arrdws are- electrically connected respectively to

lead 33 at po1nt 48 and- lead 32 at po1nt .49. The voltage
d1v1der networks 46, 47 provrde on leads 50 and 51 to a
mu1t1p1exer 52 reduced voltage signals dependent upon the
values selected for voltage. d1v1der resistors R2’ Ry,

~ Ryr Rs, and voltage d1v1der capacitors c1, C2.

A clrcult arrangement 55 or sensing means shown in
dotted outllne senses . the voltage ‘gifferential across the
exciter f1eld w1nd1ng 36 and pairs the voltage

'd1fferent1a1 w1th generator 10ad current in the manner to
" be set forth herelnafter. The multzplexer as previously

noted contlnuously recelves voltage slgnals on leads 50,
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'g;51 wh1ch voltage s1gnals are: dlrectly ‘proportional to the

voltage sensed on elther ‘side of exc1ter field winding 36
he leads 32, 33. -,
‘The current transformer arrangement 26, shown

'schematrcally, contznuously de11vers on leads 27,_28 and
_'29 to'a three phase load current averaging circuit 56

sxgnals indicative of the load current the generator is

. berng called upon: to de11ver. The load current averag1ng

circuit: 56 has a szngle output on lead 57 which is

f'delivered to the multlplexer 52. The multlplexer 52 is
'Fcontrolled by a sxgnal from a microprocessor system 60 via
: lead 61 The multlplexer 52 has a s1ng1e output provided
o en’ lead 58 to an-. analog to d191ta1 converter 59. _ |
"a'The analog to dlgital converter 59 converts the s1gnal
'=1nformat10n on lead 58 to a d1gita1 form on lead 62 for
fuse by the microprocesSor system 60. - '

The m1croprocessor system 60 1s programmed in a

' manner such that _the multlplexer 52 under the control. of
 the slgnal on lead 61 from the mlcroprocessor sequentially -
- adm1ts ‘and. passes to its output 58 the reduced voltage

is1gnals -on 1eads 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 de51gn dependent upon
the mlcroprocessor system program. In any event, for
reasons that wrll become ‘apparent hereinafter, the

'microprocessor reguires a. pair of cond1tions to be present

to allow the mrcroprocessor logic to determine if a -
dlfferentlal voltage detected at a g1ven average load
current exceeds ‘a pPreset. value stored in the
m1croprocessor for -the given average load current.
Whenever a d1fferent1a1 voltage is detected that exceeds
the stored preset value at a given load current, a signal

- is generated on. lead 68 to a generator control relay

drlver and relay 63 whrch is act1vated and causes the
interruption of the energzzatlon of exclter winding 36 by
the openrng of the normally closed breaker contacts 37,

A

0
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38, 39 via thé ﬁechanical'connection‘64'shown in_brbkeh

o DN e '
It will be observed that the mechanical connection

64 grom generator control relay dgivet'and'relay 63

controls the closing of normally open preaker contact 66
via_mechanical-connection 64a. The closing-of breaker

_ contact 66 p}aces'resistor 67 across the leads 32, 33, to

exciter field winding 36, thereby damping out any
generator gself-excitation whenever a shorted diode has
been detected and the energization of the exciter field

'winding'interrdptea.

The microproceéso:'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 dnﬁlead 62, such that whenever the

output signal 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.

_ ' Before the detailed operation of the systemVOf
Figure 1 is.described'in'conjunCtion with the signal
timing charts of Figutes 2a through Figure 24, attention
is directed to Figure 3 which graphically {1lustrates the

"tphenOmenoh 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 Figufe 1 the exciter field winding 36 has
connected thereto at either endithereof; electrical.leads
32 and 33. The referenée character "A" and its associated
arrow designate the point"48'on lead 33, while reference

‘character "B" 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 represented by voltage'cuIVe 70 as

shown in Figure 3 reduced by voltage divider network 46.
Similarly, when the diodes 14 through 19 are in good
operating condztlon, the voltage at point "B" is
represented by voltage curve 71.. At any given load_
current, the distance between the voltage{curves 70, 711

represents the voltage differential acrosé the;exciter

field winding 36.

It has been discovered that 1f one of the dlodes 14
through 19 should become- shorted, the ‘rotating generator
field 11 acts as a voltage energy source in respect of the
exciter field winding 36. Thls voltage energy source

influences the yoltage at points "A" and "B" in respect of

ground. When the generator field 11 acts as a voltage
source .as when there is a shorted d1ode present, the

negative side of the exclter field winding 36 is ‘limited

- only by the value of CR2 below ground. The - p051t1ve end
- of the excxter field winding 36 pumps. energy ‘into

capac1tor C via electr1ca1 lead 32 thereby -building. up the
voltage at point "B". This voltage build up at point B
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 throngh'

. capacitor C'and diode CR2 thereby influencing the voltage

at point A, _ : . :

- Returning to F1gure 3 1t 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

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. | | o
Figure 4 is a plot of exciter field winding voltage

1differentia1:curves plotted over the normal generator load

‘current rangel"SOIid "good diode"™ differential voltage

.
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curves 74 and 75 are shown falling w1th1n a predictable
range of values with the generator oPérat1ng at the same

frequency but at different temperatures. 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 represents preset

“values:storedfin_the microprocessor 60. Whénevet'the

absolute value of differential voltage across the exciter
field winding 36 is above the protection setting curve 78, .
the generator control relay drtver and relay 63 is

activated to interrupt the energlzation of the exclter

- field wxndzng 36 by opening normally closed breaker

contacts 37, 38, 39 via mechanical connectlon 64, as shown

- in F:gL-e 1.

ference is now made to F1gures 2a through 2d

.inclusive, which are timlng charts for a generator

operatxng with no load at 400 Hz. Flgures 2a through 24
are to be studied in congunction w1th the generator system
of Figure 1. : : o

Figure 2a. plots the voltage at po1nt A versus time
and illustrates the idealized full wave rectified square
wave forms 80, 81, 82, and 83_del;vered 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

peak voltage rises, the average voltage drogs from 131. 6

-.volts nc to 115 volts DC.

F1gure 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

"indicated by reference numeral 8S5.

In Figure 2c, the resistor divider output voltages
representatxve of points A.and B, ‘and are plotted
separately as indicated by the legend‘on the figure. The

sudden increase in the A _(Vb-VA) at point in time 86

is recognized by'the microprocessor. 60 as being of a value
greater than the preset value of protection setting curve
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78 of Figure 4 and’ the microprocessor 60 provxdes the

output shown in Figure 2d. - N

From the foregoing it can be.readily appreciated
that the invention described provides a brushless '

.alternating current generator with. shorted diode

protection free the need to detect and use field current

or field current ripple to provide the shorted diode
protection. aAll of this is advantageously accomplished by

the detection of a voltage differential across an exciter

- field w1nding that causes the energization of the exciter

field to be interrupted whenever the voltage differential
across the exc1ter field winding exceeds a preset value

stored in a microprocessor system.
Although the invention has been illustrated and

described in connection with the particular embodiment

illustrated, 1t 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

'microprocessor combination shown

AV S
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CLAIMS: |

1. A shorted diode protectlon system for a brushless

alternating current generator of the type hav1ng an

energizeable exciter field winding, the system including
" means for sensing the voltage differential across the -

exciter field and multiplexing the voltage differential

with generator load curfent to provide a first output

signal having a voltage differential component-falling
within,e predictable range of values over a normal
generator load curreht-range and falling withinea higher
fange 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 differential component thereof exceeds

‘a preset voltage differential value for the prevailing
. generator load current in the normal range, a second output

is generated to 1nterrupt the energlzatlon of the exciter

"~ field.

2. A sysfem according to claim 1 wherein the means for
sensing the voltage differential is electrically coupled
across the'exciter fieid and'includes multiplexer means'
electrlcally coupled across the ex01ter winding and to a
mizrcroprocessor included in the means respon51ve to the '
f;rst_output signal, the.multlplexer means being adapted
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 generator, the load current sensing circuit
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 multlplexer means.

5. A system according to any preceding claim wherein

35 ‘the second output signal controls a relay driver



