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3,082,370
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Leece-Neville Company, ‘Cleveland, Qhio, a corpora-
tion of Ohio , v
Filed Gct. 39,°1957, Ser. Ne. 693,329
2 Claims. (CL 322—=25)

" This invention relates to voltage and current regulaing
apparatus- and to electrical generating systems embody-
ing such regulating apparatus .

An object-of -the invention is ‘to provide transistorized
regulating : apparatus for - controlling voltage and currént
values  and a novel generating system employing such
transistorized regulating apparatus.

Another object is to provide a novel regulating appara-
tus and - generating System -employing transistor means in
comibination with a low-cost electromagnetic relay means,
such that the transistor means provides a desirable long-
life form-of variable impedance and such that the contacts
of the relay means handle only the input signal to the
transistor means and -will accordingly have a long con-
tact life,

A’ further object is to provide such- a combination
transistor-and-relay form of regulating apparatus for ap-
plication to a current supply means and 'in which the
energizing coil means. of the relay means is conngcted
with - the ‘current supply -means through voltage -and/or
current sensing means.

Still another object is to provide such a combination
transistor-and-relay form of regulating apparatus for ap-
plication to a current supply means and in which the
sensing tneans eomprises other transistor means for con-
trolling or amplifying the coil current being: supplied to
the relay means.

Yet another object “is to provide apparatus of the
character above mentioned in - which the current supply
means comprises generator means whose field ‘excitation
is controlled by a transistor ‘means in response to an in-
put ‘signal supplied to the latter through the contacts of
the relay means.

‘It is ‘also an object of this invention to prov1de novel
sensing:medns for use with an-alternating current supply
mearis and comprising an amplifying transistor means
connected with the current supply means through a pair
of ‘rectifiers 'and a center—tapped résistor, such that.the
output signal ‘of the sensing means will always be a low-
voltage direct current. signal.

Additionally - this ‘invention provides. riovel regulating
means for application to an alternating current generating
system, in which the field excitation of the -generator
means is controlled by a fiist transistor means in:response
to an input signal supplied -to -the latter through the
contacts of a:-relay means, and in which the coil: current
of the relay means is-supplied thereto by a sensing means
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current generating systems embodying the voltage and
current regulatihg means of the present invention; and

FIGS. 4, 5 and 6 are wiring diagrams showing altei-
nating cufrent ‘generating systems embodying the regu-
Iatmg means of this invention.

As representmg one of .the preferred embodiments of
the present invéntion, FIG. 1 shows regulating means 10
apphed to a'direct currént generating system 11-and com-
prising in general a power transistor 12, a volfage relay
13, .and a load limiter or current relay 4.

The generating system 11 includes a direct current gen-
erator 15 having .positive and negative output or load

. terminals 16 :and 17 and a shunt field winding 18. The
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comprising an amplifying transistor means ‘connected -

with the alternating current system through a pair of
rectifiers and a center-tapped resistor.

Other objects and advantages of “this invention will ‘be
apparent in the following detailed description. and in"the
accompanying drawings forming a part. of ‘this ‘specifica-
tion and in which

FIGS. 1, 2 and 3 are wiring didgrams showing-direct

60

system- 11 also includes an external load circuit com-
prising load conductors .19 and .20 connected to the Ioad
terminals 16 and 17 respectively for supplying current
to.external load devices such. as lamps 21 and-a ‘storage
battery 22. )

The transistor 12-is a conventional form of transistor
having -emitter and collector electrodes 24 and 25 and a
base electrode 26. The transistor 12 is located in the
field circuit of -the generator 15 with its emitter and
collector: electrodes 24 and 25 as output electrodes and
connected in series circuit with the field winding 18. The
transistor 12 can.be either. a. PNP or an NPN transistor
depending upen -the .polarity -of the circiit connections
employed: but; as here shown, is a PNP transistor having
its emitter electrode 24 connected with the positive load
terminal '16 of the generator 15 through the load con-
ductor 9. The -voltage ‘relay 13" is of ‘a conventional
form -comprising an-energizing  magnet coil 27 mounted
on a suitable frame (not shown), and a- movable armature
28 which is.responsive to the energization of the magnet
coil. “ The voltage relay-13 also comprises a pair of sta-
tionary and movable contacts 30 and- 31, of which the
movable- contact 31 is carried by the armature 28 and
is biased toward engagement with the stationary contact
30 by a tension spring 32 connected with the armature.

The magnet coil 27 of the voltage “reiay 13 :is con-
nected across the output terminals. 16 and 17 of the gen-
erator 15 throuigh the load conductors 19:and 20, so as
to be responsive to variations.in the output voltage of
the generator, For this purpose, one énd of the magnet
coit 27 is' connected with the load conductor 19 by a
cenductor-33 and.the other end of this coil is connected
to-the :load conductor 20 through a resistance. device or
voltage. divider' 34 which is preferably of the potentiom-
eter-type.- The resistance device 34 ‘comprises a resistor
35 connected ‘across the:load terminals 19 :and 20 and a
shiftable :contact 36 movable along the resistor 35 and -
having such othér énd of the magnet coil 27 connected
therewith by the conductor 37,

The load limitér-or current rélay ‘14 is of a eonvention-
al'form comprising ‘an-energizing magnét coil ‘40 mounted
‘on -a:suitable magnet ‘frame (not shown) and a movable
armature 41 which 1§ responsive to the ‘energization of

“the:magret coil 40. The current relay 14 also comprises

cooperating stationary and movable contacts 42 and 43,

‘of ‘which the ‘latter -contact is:carried by the armature

41 and is biased toward engagement with the stationary
contact 42 by a tension spring 44 connécted to the arma-
tire. The energlzmg coil 40 of the currént relay 14 is
a series coil Tocated in the load ‘conductor 19, such’ that
the energization of this coil will be responsive to changes
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3 .
in the current values of the load current being delivered
by the generator 15.

The regulating apparatus 10 also comprises a signal
or confrol circuit means through which a signal or con-
trol potential is supplied to the base 26 of the transistor
12 and is controlled by the cooperating contacts of the
voltage and current relays 13 and 14. This control
circuit means is here shown as comprising a conductor
46 connecting the voltage relay armature 28 with the
base 26 of the transistor 12, a conductor 47 connecting
the armature 41 of the current relay 14 with the station-
ary contact 39 of the voltage relay, and a resistor 48
connected between the stationary contact 42 of the cur-
rent relay and the load conductor 24.

The voltage and current relays 13 and 14 are of the
vibratory type and, from the conmstruction and circuit
connections above described for the regulating means 160,
it will be seen that the voltage relay will be responsive
to variations in the output voltage of the generator 15
and the current relay 14 will be responsive to variations
in the load current being delivered by the generator. It
will be seen further that the signal current, being sup-
plied to the base 26 of the transistor 12 through the
above-mentioned control circuit, passes through the voit-
age and current relay contacts 30, 31 and 42, 43. Con-
sequently, whenever either pair of these contacts is open
in response to an increase occurring in the voltage or
current value of the generator output, the control cir-
cuit will be opened to interrupt the supply of signal cur-
rent to the base of the transistor.

The transistor 12 will accordingly serve as a variable
impedance in the field circuit of the generator 15 and will
also function as a true switching device inasmuch as the
circuit to the transistor base 26 is either open or closed
depending upon the condition of the contacts of the
voltage and current relays 13 and 14. When the voltage
and current values of the output of the generator 15 are
low, both pairs of regulator contacts will be closed by
the influence of the springs 32 and 44 whereupon signal
current will be supplied to the transistor base 26 caus-
ing the transistor to conduct. Thereupon a full value
of field energizing current will flow through the emitter
and collector electrodes 24 and- 25 and through the field
winding 18 of the field circuit. In response to a result-
ing build-up of the voltage and current values of the gen-
‘erator output, one or both of the pairs of contacts 39, 31
and 42, 43 of the voltage 'and current relays 13 and 14
will be opened to thereby interrupt the signal current sup-
ply to the transistor base 26, whereupon the transistor
will be in a non-conducting or off condition and the ener-
gizing current flowing through the field winding 18 will
be of a minimum or zero value.

The resistor 48 of the above-mentioned control circuit
is selected of a suitable resistance value such that when
the transistor 12 is in an on or conducting condition, the
current flow through the emitter and collector electrodes
thereof will be limited to a safe value for the transistor
but will still provide full excitation for the field wind-
ing 18.

The regulating means 10 preferably also includes a
suitable diode 50 connected in a shunt relation to the field
winding 18 for protecting the transistor 12 by dissipating
the induced potential or so-called inductive “kick” of the
field winding.

FIG. 2 of the drawings shows transistorized regulating
means 52, similar to the regulating means 10 above de-
scribed and applied to a direct current generating sys-
tem 53 which is similar to the above-described generating
system 11. The components of the regulating means 52
and of the generating system 53, which correspond with
components of the regulating means 10 and of the gen-
-erating system 11, have been designated by the same
reference characters. :

The voltage relay 134 of the modified regulating means
52 differs from the above-described voltage relay 13 in
that it is a double-contact type of voltage relay having
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a second pair of cooperating contacts 54 and 55, of which
the contact 54 is a stationary contact spaced from the
stationary contact 3¢ and the contact 55 is a movable
contact carried by the armature 28. The stationary con-
tact 54 is connected with the load conductor 19 by a con-
ductor 56. The resistance value of the resistor 56 can
be varied to suit the circuit requirements of the regulat-
ing means 52 and, if desired, can be omitted.

The second pair of contacts 54 and 55 of the voltage
relay 13a, when closed, serves to apply a signal bias to
the transistor base 26 or to substantially short-circuit the
emitter and base electrodes, such that the transistor 12
will be completely cut off. Thus, whenever the cutput
voltage of the generator 15 rises above a predetermined
value to cause such closing of the second pair of contacts
54 and 55, the transistor 12 will be in a completely off
condition causing a sudden and complete cellapse of the
field flux. Although opening of the voltage relay con-
tacts 30 and 31 will convert the transistor 12 to an off con-
dition by opening the signal circuit to the transistor base
26, a flow of leakage current may still take place through
the emitter and collector electrodes of the transistor,
whereas the closing of the second pair of contacts 54
and 55 will insure the transistor being converted to the
off condition to effectively deenergize the field winding 18
and quickly correct any abnormal voltage condition of the -
load circuit. The portion.of the field circuit which con-
nects the emitter 24 of the transistor 12 with the load
conductor 19 is here shown as having a resistor 57 of
suitable value therein although, if desired, this resistor
can be omitted.

FIG. 3 of the drawings shows another form of transis-
torized regulating means 60 applied to a direct current
generating system 61 which is substantially the same as
the above-described generating systems 11 and 53. The
regulating means 60 employs the same power transistor
12 and voltage relay 13a as are used in the regulating
means 52 of FIG. 2. The other components of the regu-
lating means 60 and of the generating system 61 which
correspond with those above described, are designated by
the same reference characters.

The regulating means of FIG. 3 differs from the above-
described regulating means 10 and 52 of FIGS. 1 and 2,
in that the stationary contact 3@ of the voltage regulator
13a is connected directly with the load conductor 20
through a resistor 484, and in that the magnet coil 27
of the voltage relay 13q is connected with the output ter-
minals of the generator 15 through transistorized voltage
and current sensing devices 62 and 63.

The voltage sensing devices 62 comprise a transistor 65,
a diode 66, and a resistance device 67 which is preferably
of the potentiometer type. The transistor 65 is used as
a signal amplifying transistor and is of a conventional
form having emitter, collector and base electrodes 68, 69
and 70. The emitter electrode 68 is connected with the
load conductor 19 by the conductor 71 and the collec-
tor electrode 69 is connected with one end of the voltage
relay magnet coil 27 through the conductor 72.- The other
end of the magnet coil 27 is«connected with the load con-
ductor 20 by a conductor 73.

The resistance device 67 comprises a resistor 75 con-
nected across the load conductor 19 and 20, and a shift-
able contact 76 movable along the resistor 75 and con-
nected with the base 70 of the transistor 65 through the
diode 66.

The diode 66 is of the well known Zener type and is
one having a relatively low breakdown voltage such that
the voltage sensing device 62 will be responsive to rela-
tively. low-value voltage fluctuations in the load output
of the generator 15. Thus when voltage increases above
a predetermined value occur in the generator output, the
diode 66 will become conductive and will apply voltage
signals to the base 70 of the transistor 65, resulting in this

transistor becoming conductive and supplying an amplified

control current to the magnet coil 27 of the voltage relay
13q for the functioning of the latter in the manner already
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explained above in connection with the regulating meéans
19 and 52 of FIGS. 1 and 2.

The current sensing dévice 63 comprises a seriés resistor
78 in the load conductor 19, a transistor 79, and a diode
80. The transistor 79is of a conventional form compris-
ing emitter and colléctor electrodes 81 and 82 and a base
electrode 83. The emitter electrode 81 is connected with
the load conductor 19:6n one side, in this case the genera-
tor side, of the series resistor 78 by a conductor 84, and
the collector electrode 82 is connéected with one end of
the voltage regulator coil 27 through-a poition of the con:
ductor 72 and a circuit connection 85.

The diode 80 can be of a conventional form and préf-
erably has a low breakdown voltage so as to render the
currént sensing device 63 responsive to current fluctuatioris
in the output of the generator 15 which exceed a prede-
termined pérmissible load current by only relatively small
values. " The diode 80 is connected to the base 83 of the
transistor 79 by a conductor 87 and to the load conductor
19 at a point on the other or load side of ‘a series resistor
78 by a conductor 86. :

Thus the diode 80 is connected in a shunt relation to the
series resistor 78 and, when the IR drop across:the series
resistor exceeds the breakdown voltage of this diode, a

current signal will be applied to the base 83 and the tran--

sistor 79 will then conduct. The transistor 79 functions
as an amplifying transistor and responds to the current
signal applied to the base 83 thereof by supplying-a rela-
tively larger coil-energizing current to the voltage relay
coil 27.

From the circuit connections and functioning ‘of the
voltage and current sensing devices 62 and 63 as above
described, it will be seen that the transisters 65 and 79
will function as switching transistors as well as amplifying
transistors.
of the generator output are relatively low, these transistors
will be in an off condition and the voltage relay coil-27 will
be substantially deenergized, but when either of the volt-
age and current values of the generator output exceeds a
predetermined value, the transistor of the corresponding
sensing devices will become conductive and will supply
amplified energizing current to the voltage relay coil 27.

In the regulating apparatus 69, the transistors 12,65 and
‘79 can be conveniently referred to as the first, second and
third transistors respectively. . The transistors 65 and 79
can be PNP.or NPN transistors, depeniding upon the polar-
ity of the circuit connections employed, and ‘as here used
are of the PNP type.

FIG. 4 of the drawings shows transistorizad regulating
means 90 applied to an alternating: current generating sys-
tem 91 which includes an excitef generator 92. The
regulating means 90 comprises- the ‘same components as
the regulating means 52 of FIG. 2, namely a power trin-
sistor 12, a voltage regulator 13«¢-and “a load limiter ot
current relay- 14, but they aré differenily located, as- will
be explained presently.

The' alternating current generating system 91 includes
an alternator 93 havirig-a field winding 94 to which the
positive and negative output terminals 95 afid 96 of the

Thus, when the voltage and current values.
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potentiometer-type of resistance device 108-and a>cqn§iuc-
tor 109. The resistance device 108 comprises a resistor
110 connected across the load conductor 102 and 103, and
a movable contact 111 shiftable along the resistor 116 and
having such other end of the voitage relay coil 27 con-
nected therewith by the conductor 109. The series mag-
net coil 40 of the current relay 14 is located in the load
conductor 102 of this alternating current generating sys«
tem. : :

From the construction and the circuit connections just
above described for the regulating nieans 90 and the alter-
nating current generating system 91 of FIG. 4, it will be
seen that the regulating means will be directly responsive
to voltage and current fluctuations in the alternating cur-
rent output of the system 91 such that the transistor 12 will
control the excitation of the field winding 105 of the ex-
citer 92, with the result that the output of the exciter will
correspondingly vary the excitation of the field winding 94
of the alternator 93 and produce a controlled effect o
the voltage and current values of the alternator oiitput be-
ing supplied to the load circuit. .

The regulating means 90 preferably includes a diode
166 .in shunt relation to the exciter field 105 for protecting
the transistor 12 against the inductive effects of the field
‘winding in the manner already explained above for the
diode 50 of FIG. 1.

FIG. 5 of the drawings shows transistorized regulating
means 115 which, in certain respects, is similar to the

" above-described régulating means 90 and which is applied
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exciter generator 92 are connected by condiictors 97 and -

98. The alternater 93 has oufput terminals 9% and 16
to-which a-pair of load conductors 102 and 103 dre coti-
nected respectively for supplying current to an extsrnal
load such as to lamps 104.  The exciter generator 92 in-
cludes a conventional .shunt field winding 105 on which
the régulating means 90 is effective in substantially. the
same manner as has been described above in connsction
with the control action of the regulating means 10 and
52 on the field winding 18 of the direct current generator
15.

In the application of the regulating means 90 to the
alternating current generating system 91, the magnet coil
27 of -the voltage relay 134 has one end thereof ‘con-
nected with the load conductor 102 by a conductor 167
and its other end connected to the alternator 93 through a
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to an alternating current generating system of substantial-
ly the same form as the above-déscribed alternating cur-
rent generating system 91 of FIG. 4. The components
of the regulating means 115 and of the generating system
116, which correspond Wwith those of the regulating means
90 and generating system 91, have been designated. by
the same reference characters. The regulating means 115
of FIG. 5 differs from tHe regulating means 9¢ in that the
load limiter or current relay 14 has been omitted, and in
the use of a different form of voltage sensing device 117.

The voltage sensing device 117 includes a first center-

-tapped resistor 118 connected across the load conductors

102 and 163 and having a center tap 119 to which one end
of the voltage relay magnet coil 27-is.connected by a.con=
ductor 120. The voltage sensing device 117 also includes a
second center tapped resistor 121 connected across the
load conductors 102 and 103 and having a.center tap 122.
Additionally the voltage sensing device 117 comprises -a
transistor 123, a pair of diodes used as rectifiers 124 and
125, and a diode 126 of the Zener type and having a low
breakdown voltage.

The transistor 123 is of .a conventional -form having
emitter and collector electrodes 127 and 128 and a base
electrode 129. The transistor 123 functions as both a
switching transistor and an amplifying transistor. The
base 129 of the transistor is connected with the center tap
122 of the resistance device 121 through the ‘diode 126.
The center tapped resistor 121 forms a part. of a-variable
résistance device 131 which also includes adjustable con-
tacts 132 and 133 shiftable along end poitions or resist-
ance sections 121a and 1215 of 'the resistor 121,

The diodes 124 and 125 are half-wave rectifiers which
are connected respectively with the contacts 132 and 133
by conductors 134 and 135 and are also cosnected with
ceach other by a junction conductor 136." “The emitter elec-
trode 127 of the transistor 123 is connécted with the recti-
fiers 124 and 125 at a point therebetwesn by a conductor
137. The collector electrode 128 of the transistor 123
is connected with the other end of the voltage relay coil  ~
27 through a conductor 138.

From the" construction and circuit connections 6f the
voltage sensing -device 117 as above described, it will be
seen that the voltage relay 13a Will be responsive to rela-
tively low-value voltage fluctuations occurring in the out-
put of the alternator 93 and that the voltage serising ieans
itsell will be subjected to only relatively low voltage Values
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by reason of the use of the center-tapped resistors 118 and
121 for connecting this sensing means in circuit with the
alternator. It will also be seen that, by reason of the use
of the pair of rectifiers 124 and 125, the alternating cur-
rent signals supplied to the sensing device 117 by the
load conductors 162 and 163 will be rectified with respect
to both half-wave portions of the alternating current out-
put, such that the energizing current supplied to the volt-
age relay coil 27 by the sensing means will be a full-wave
rectified D.C. current.

Moreover, it will be seen that by use of the adjustable
contacts 132 and 133 of the resistance device 131 as the
circuit connections to the pair of rectifiers 124 and 125, the
voltage of the rectified current being supplied to the volt-
age relay coil 27 can be maintained at a suitably low value
which will be a safe value for the transistor 223 and will
permit the latter to be of a small and inexpensive size.
Additionally it will be seen that by using as the diode 126
a conventional diode having a low breakdewn voltage, the
transistor 123 will be responsive to low voltage fluctuations
in the output of the alternator 93 and will be switched to
an on or conducting condition in response to signals of
a relatively low voltage value. - It will be seen further
that the voltage relay coil 27 will be energized only when
the transistor 123 is in its on condition and that when
this transistor is switched to its off condition, the volt-
age relay coil will be substantially deenergized.

The transistors 12 and 123 of the regulating means 125

can be conveniently referred to as the first and second
transistors.
" FIG. 6 of the drawings shows transistorized regulating
means 140 which is generally similar to the regulating
means 115 of FIG. 5 and is applied to an alternating cur-
rent generating system 141 which is substantially the same
as the above-described alternating current generating sys-
tem 116 of FIG. 5. The regulating means 14¢ differs
from the above-described. regulating means 115 in that
it employs a novel current sensing device 142 in addition
to the voltage sensing device 117,

The current sensing device 142 comprises a series re-
sistor 143 located in the load conductor 162 and a third
transistor 144 which is used as both a switching transistor
and an amphfymg transistor. The current sensing device
142 also comprlses a diode 145 of a low bredkdown volt-
age and a pair of diodes operating as half-wave rectifiers
146 and 147.

The transistor 144 is of a conventional form having
emitter and collector electrodes 148 and 149 and a basc
electrode 150. The series resistor 143 is a center tapped
resistor having a center tap 152 to which the base 159
of the transistor 144 is connected through the diode 145.
The rectifiers 146 and 147 are connected with the load
conductor 102 on opposite sides of the series resistor 143
by conductors 153 and 154. . The emitter electrode 148
of the transistor 144 is connected with the rectifiers 146
and 147 at a point therebetween by being connected to a
junction conductor 155 extending between the rectifiers.
The collector electrode 149 of the transistor 144 is. con-
nected with the same end of the voltage relay coil 27 as
the voltage sensing means 117, through a portion of the
common conductor 138 and through a circuit connection
156.

From the construction and circuit connection above
described for the current sensing device 142, it will be
seen that this device will supplement and cooperate with
the voltage sensing device 117 for energizing the voltage
relay coil 27 in accordance with current and voltage vari-
ations in the output of the alternator 93. It will also be
seen that the current sensing device 142 will be respon-
sive to current variations of a relatively low value oc-
curring in the load circuit inasmuch as the diode 145 has
a relatively low breakdown voltage and will become con-
ductive to apply a current signal to the base 159 of the
transistor 144 whenever the current variation in the load
circuit exceeds a predetermined value represented by a
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predetermined. increase in the IR drop across the series
resistor 143.

Thus whenever the diode 145 becomes conductive and
supplies a current signal to the base 150, the transistor 144
will be switched to a conducting or on condition during
which it will cause current to be supplied to the voltage
relay coil 27 and, by reason of the use of the pair of half-
wave rectifiers 146 and 147, the energizing current thus
supplied to the voltage relay coil will be a continuous recti-
fied D.C. current resulting from the rectification of both
half-waves of the alternating current of the load circuit,
By reason of the switching action of the transistor 144,
the current supplied to the voltage relay coil will be of a
maximum value when a current signal is supplied to the
base 150 through the diode 148 and will be of a zero value
when the transistor is in its off condition. By reason of
the amplifying use of the transistor 144, the current thus
supplied to the voltage relay coil 27 while the transistor
is in its on condition will be an amplified current.

From the accompanying drawings and the foregoing de-
tailed description it will now be readily understood that
this invention provides a novel and highly effective form
of regulating means for application to a current supply
means and which utilizes the desirable long-life charac-
teristics of a transistor means and the desirable low-cost

“characteristic of voltage and current relays of the electro-

magnetic type. It will also be understood that the inven-
tion provides novel electrical generating systems employing
such a combination transistor-and-relay type of regulating
means. Additionally it will be seen that this invention
achieves the important advantage fron such a combination
type of regulating means that the power transistor control-
ling the variable energization of a magnet coil of the cur-
rent supply means will have a long life and will need to
be of a load rating handling only the energizing current
of such coil rather than the load current of the load cir-
cuit, and also the advantage that this transistor will func-
tion as a true switching transistor having an on or off
condition depending upon whether control or signal cur-
rent is being supplied to the base thereof by the voltage
and current relays. It will be seen furthermore that an-
other important advantage is realized in that the con-
tacts of the low-cost voltage and current relays will need
to handle only the signal current being supplied to the
base of the power transistor, with the result that the relay
contacts will not be subjected to any destructive amount
of sparking and will consequently have a long life and
will remain in an efficient operating condition.

Although the novel regulating means of this invention
and the novel generating systems embodying the same have
been illustrated and described herein to a somewhat de-
tailed extent, it will be understood that the invention is
not to be regarded as being limited correspondingly in
scope but includes all changes and modifications coming
within the terms of the claims hereof.

Having described my invention, I claim:

1. An electric generating system comprising, a gen-
erator having load terminals and a field ‘winding, a field
circuit for said field winding, a load circuit connected with
said load terminals, a relay comprising a magnet coil and
vibratory contact means responsive to the energization
of said magnet coil, energizing circuit means for said mag-
net coil, a first transistor having main electrodes .in said
field circuit and a first control electrode connected to be
energized through said vibratory contact means, a sec-
ond transistor having main electrodes in said energizing
circuit means and a second control electrode, a third tran-
sistor having main electrodes in said energizing circuit
means and a control electrode, and means connected to
thie control electrodes of said second and third transistors
to control energization thereof in depedence upon volt-
age across and current in said load circuit.

2. An electric generating system comprising, a gen-

erator having load terminals and a field winding, a field

circuit for said field winding, a load circuit coanected
with said load terminals, a relay comprising a magnet
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coil and contacts responsive to energization of the relay
coil, a first transistor having main electrodes in said field
circuit and a conirol electrode connected to be energized
under the control of said contacts, second and third tran-
sistors each having main electrodes and a control elec-
trode, the main electrodes of each of said second and
third transistors being connected to said relay coil to
control energization of said relay coil, a pair of voltage
responsive breakdown devices connected to the control
electrodes of said second and third transistors, and means
connected to apply voltages to said breakdown devices

10
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dependent respectively upon current in and voltage across
said load circuit.
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