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Patented May 5, 1953 2,637,831 

UNITED STATES PATENT OFFICE 
2,637,83. 

ESECRICA, CONTROL SYSTEM 

Iredell. Eachus, Jr., Cynwyd, Pa., assignor to 
IVEacieti, Arc Lamp Co., Philadelphia, Pa., a corporation of Peirasylvania 

Application Septembar 9, 1949, Serial No. 14,819 
7 Claims. (Ct. 31'4-64) 

This invention relates to electrical control sys 
tems of the type embodying, voltage-responsive 
control of an adjustable device. In its more. 
limited aspect, the invention relates to control of 
arc lamps. - 
The principal object of the invention is to pro 

vide a highly efficient servo system of the voltage responsive type. 
A more Specific object of the invention is to 

provide an improved system for the control of arc lamps. 
While it is intended that the servo system 

provided by the present invention shall be utilized. 
for control purposes wherever it may find usefui 
application, the invention is especially adapted to 
arc lamp control and therefore it will be described 
with specific reference thereto. 
The present invention evolved from an extensive 

study and investigation of arc lamp operation and 
control, and from extensive development work to 
Ward improved operation of arc. lamps. In the 
past, arc lamps have not been entirely satisfac 
tory, and careful investigation- has shown that 
this has been due to the fact that the availabie 
control Systems have been inadequate to provide : 
the type of control action that is necessary to 
maintainsteady light intensity. The two factors: 
which determine the light intensity of an arc lamp 
are the voltage across the arc and the current 
flow. The voltage across the arc is proportional 
to the length of the arc gap which becomes. 
greater as the electrodes burn away. It is there. 
fore, necessary to adjust the length of the arc gap 
to maintain a substantially constant voltage. 
therea cross, if the light intensity of the arc is to: 
be maintained substantially constant. However, 
prior Systems for automatically adjusting the 
length of the arc gap have not been entirely satis factory. 
By the present invention there is provided a 

rapid-action servo system of the voltage-respon 
sive type which is capable of controlling an arc 
lamp in a highly efficient manner. As an addi 
tional feature, where A. C. operation of an arc 
lamp is desired, the invention provides for rela 
tively slow action control of the arc current. This 
latter control is achieved by the use of a constant 
current transformer. The dual control, provided 
by using both the servo System and the constant. 
current transformer, is highly desirable, although. 
the servo. System may be used alone where it 
is desired to supply D. C. to an arc lamp. 
The invention may be fully understood by ref 

erence to the accompanying drawings in which: 
Fig. it is a diagrammatic illustration of system 
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embodying, both types of control as above men 
tioned; 

Fig. 2 is a similar illustration of a system em 
bodying only the rapid servo control action; and 

Figs. 3A to 3H are graphic illustrations which 
depict the operation of the servo System under 
different conditions. - - - - - s' 

Referring first to Fig.1 of the drawings, a pair 
of electrodes are represented at and 2, which: 
may be considered to be carbon electrodes of an 
are lamp. These electrodes are connected acroSS. 
the secondary 3 of a constant current transformer 
4 whose primary 5 is connected to a suitable A.C. 
source by means of supply conductor's 6. The 
source of A. C. voltage may be a 220 volt, 60-cycle 
source. The constant current transformer 4 
serves as the relatively slow-acting ballast control 
means hereinbefore mentioned, and it serves to 
regulate the current supplied to the arc lamp elec 
trodes independently of the rapid-acting, voltage 
responsive. control arrangement, now to be de 
scribed. - . 

The positioning of the electrodes i and 2 is ef 
fected by means of a conventional two-phase 
reversible motor designated generally by refer 
ence character 7. The motor shaft may be con 
nected to reducing gears 8, the dotted line 9 rep 
resenting the mechanical connection. The posi 
tioning of the electrodes may be effected by means. 
of gear racks C and connected respectively. 
to the electrodes and 2, and having associated. 
therewith a common pinion or driving gear 2. 
which is driven from the reduction gears. 8. 
through the mechanical connection represented. 
by the dotted line 3. It will be seen that rota 
tion of gear 2 in one direction will cause the 
electrodes and 2 to move toward one another, 
while rotation of said gear. in the opposite, direc 
tion will cause the electrodes to move away from 
each other. - - 

The reversible motor 7 is controlled by a relay. 
f4 having an energizing winding 5 and a mov 
able contact. 6, which is pivoted at 7 and is: 
adapted to engage either of the stationary con 
tacts 8 and 9. A biasing Spring 29, urges; the 
movable contact 6 toward contact i9, and when 
these contacts are engaged, the motor is caused 
to operate in a direction to effect, separation of 
the electrodes and 2. The relay winding i5 acts, 
against the Spring 20, and when the relay is eneral 
gized, the movable contact. 6 is urged toward. 
contact 8. Engagement of these two contacts: 
causes the motor to operate in the direction: to: 
effect movement of the electrodes , and 2 toward: 
One another. 
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The motor may be energized from the same 
voltage source which Supplies the electrodes. The 
motor may be a 110 volt motor and it may be Sup 
plied by means of conductors 2 and 22, Çon 
ductor 2 being connected to a suitable tap on 
the primary winding 3, and conductor 22 being 
connected to one of the Supply conductors 6. It 
Will be seen that conductor 2 extends to the piv 
oted end of the movable relay contact 6, While 
conductor 22 is connected to the junction of the 
field windings of motor . Contacts 8 and 9 
are connected via conductors 23 and 23 to the 
Other ends of the motor field Windings. 
The Voltage acroSS electrodes and 2 is Sup 

plied Via, conductors 25 and 25 to the primary 
Winding 27 of a transformer 28. The secondary 
winding 29 of this transformer is connected to 
a control circuit which includes a rectifier 30, 
filter components which may comprise resistors 
3, 32, 33, and condensers 34, 35, 36, a gas-dis 
charge tube 32, and the relay winding 5. The 
filter components may be varied considerably and 
Some of them may be omitted, depending upon 
the Specific application. 

the control circuit above described effects rapid 
action control of the positioning of electrodes 
and 2 in response to the voltage across the elec 
trodes. Thus, there is provided a rapid-action 
Servo Systern Which is responsive to variations of 
the Voltage across the electrodes and which func- : 
tions to maintain the voltage constant during op 
eration of the arc lamp, independently of the 
current-controlling action of the constant cur 
rent transformer i. 
The operation of the servo system will now 

be described in detail with reference to Figs. 3A 
to 3H. In these figures, the line C represents the 
starting voltage level of tube 37, i. e., the level 
Which must be reached by the applied voltage to 
render the tube conductive. Line NC represents 
the non-conducting voltage level of the tube, i.e., 
the Voltage level below which the tube becomes 
non-Conductive. W represents the applied volt 
age. 
In the inoperative state of the system, i. e., 

With the supply source disconnected, the spring 
2 is effective to maintain contact 6 in engage 
ment With contact 9. When the system is placed 
in Operation by the connection of the supply 
Source, the motor i is operated in a direction to 
effect the movement of the electrodes 8 and 2 
a Way from each other. At the same time an 
A. C. potential is applied to the control circuit 
through transformer 28. The voltage appearing 
On the secondary winding 29 is rectified by rec 
tifier 3 and is filtered by the filter comprising 
components 3 to 36. The rectified voltage, 
which appears across the gas discharge tube 37, 
is as shown at V in the illustrations of Figs 3A 
to 3H, having D. C. and ripple components de 
pendent upon the relative sizes of the filter com 
ponents. This voltage varies with changes in the 
arc Voltage, as may be seen from the illustra 
tions. When the supply source is first connect 
ed, the voltage across the gas discharge tube 37 
Will be in excess of the amount necessary to cause 
it to conduct, as may be seen in Fig. 3A. Current 
Will flow through relay winding 5, and movable 
contact 6 will be drawn to the stationary con 
tact 8 so that the rotation of the motor will 
move the electrodes and 2 toward each other. 
Electrodes and 3 will continue to move together 
until an arc is struck. At this time the voltage 
across the electrodes and 2 and the control 
transformer 28 will have dropped to zero. Con 
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4. 
Sequently, the voltage across the gas discharge 
tube 37 will have dropped to zero so that it Will 
be in a non-conducting state (see Fig. 3B). 
There will be no current through relay winding 
5, and biasing spring 2 will return movable 

contact 6 to engage with stationary contact 19. 
Thus the voltage applied to notor a will cause it 
to rotate in a direction which Will move elec 
trodes and 2 apart. A voltage Will appear acroSS 
the tube 32 but it will not be of Sufficient ampli 
tude to start the tube (see Fig. 3C). 
As the electrodes and 2 move apart the volt 

age across the arc, which also appears across the 
control transformer 28, increases. In turn, the 
Voltage induced in the Secondary 29 and the volt 
age acroSS the gas discharge tube 3 Will increase 
(see Fig. 3D). The rate at which this voltage 
increases will depend upon the relative sizes of 
the components in the filter circuit. The elec 
trodes and 2 will continue to move apart at a 
rapid rate until the voltage across the gas dis 
charge tube 3 has increased to such a value that 
the peak of that Voltage exceeds the level C nec 
eSSary for conduction (see Fig. 3E). The gas dis 
charge tube 3 will start to conduct and will con 
tinue to conduct until the value of the voltage 
across the tube drops below the level NC required 
to maintain conduction. The length of time that 
the tube will conduct will increase as the elec 
trodes and 2 move farther apart, until the gas 
discharge tube 3 is conducting 50% of the time 
(See Fig. 3}). When this is the situation, the 
movable contact 6 will dwell equally upon both 
stationary contacts 8 and 9 so that the motor 7 
Will be motionless, 
As the lamp burns the electrode material is 

ConSurned, lengthening the arc gap and causing 
the arc voltage to rise. The increase of the volt 
age across the control transformer 28 will in 
crease the voltage across the gas discharge tube 
3. So that it will conduct for more than half 
the time (see Fig. 3G). Contact 6 will dwell 
On contact f8 for more than half the time and 
the rotation of the motor 7 will bring the elec 
trodes and 2 toward each other until the proper 
arc gap is obtained. 

Similarly when core material falls into the arc, 
the distance between the electrodes and 2 is 
reduced and the Voltage across the arc decreases. 
This decrease in the voltage across the primary 
2 of control transformer 28 will result in a low 
ered Voltage across the gas discharge tube 37 so 
that it will conduct for less than half the time 
(see Fig. 3H). The movable contact 6 will dwell 
on contact f8 for more than half the time so that 
the net rotation of the motor 7 will be to move 
the electrodes i and 2 apart until the proper dis 
tance between the electrodes and 2 has been 
restored and the electrodes become stationary. 
From the foregoing description, it will be seen 

that the motor 7 is controlled according to the 
conductivity or non-Conductivity of the electron 
tube 87, and the relative time percentages of con 
ductivity and non-conductivity of said tube are 
Varied according to the amplitude of a control 
ling voltage. 
An important advantage of the system is that 

in controlling both fields of the motor 7, the re 
storing torque will vary approximately as the 
Square of the deviation from the null position, 
This permits the use of a sensitive and Smooth 
Operating feed mechanism without the use of ad 
ditional mechanism or electrical damping ele 
ments. The apportionment of the three CO 
densers and the three resistors in the filter Cir 
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cuit; permits, the sensitivity, and shape of the: 
torque error curve to be varied in Such a man 
ner as to be most advantageous: to: the particut 
lar application involved. 

In. Eig. 2, there is illustrated a modified form. 
of the system: in which: a D. C. voltage is applied: 
to the elect:edes. Intl is: instance; the constant 
current transformer of Fig.1 is eleminated, and 
an; interrupter 38; is provided as shown so, as to 
Supply a. Simulated. A. C. Voltage, to the control 
transformer 28. The interpter may bein: the 
form of a relay having a winding: 39, a movable. 
contact. 40; and stationary contacts; A and 42. 
Both; the motor 7. and the relay 38 may be enel'-. 
gized froin a : Conn Oil. A. C. Supply. Over conciuc, 
tors. 43. Aside from the above-mentioned modi 
fications the System is: ideintical with that, of Figi 
1 and elements are designated by the same refer 
ence numerals. The operation of the System. Of 
Fig. 2 is the same' as: the operation of the: Sys, 2 
ten of Eig.i.as: described above. 
The present, invention has gone into commer 

cial use, and has: proved to be highly. Successful. 
In , one: physical embodiinent according to Eig. 1, 
the gas' discharget tube 3 is a rhiniature... type 
GB2; relay 4, is a Western Electric Relay. Type 
275B; rectifier 30 is of the selenium-type; and this. 
filter components have values as follows:: 
Resistor 3, ... (none required this arrangement) 
Resistor 32--------------------- 1000 ohms 
Resistor 33.---------- - - - - - - - - - - - 4000 ohms, 

Condenser 34-------------------. 2 microfarads 
Condenser 35------------------- 2Iicrofaradis. 
Condenser 36 ---------- -, -, - a- - - - 0 nicofarad, 

The transformer 28 has a step down ratio of 5.55: 
for an arc Voltage of 28. Volts, 
While certain embodiments of the invention 

have been illustrated and described, the invention 
is not limited: thereto. but is capable of other 
forms of physical expression. 
Moreover the servo System provided by... the in 

vention is not limited to arc lanp control. By 
way" of exainpie of other uses, this System has 
been applied to the maintenance of constant 
speed in magnetic sound-recording devices. Ob 
viously, this system may be utilized, wherever, it is 
desired to maintain some condition and it is con 
venient to provide an A. C. voltage which varies 
With that condition. 

I claim: 
i. In a servo system for control of an adjust 

able device; means including a reversible motor 
for adjusting said device; a single controlling re 
lay having a Winding, a pair of spaced Stationary 
contacts, and a movable contact biased toward 
one of the stationary contacts and movable toward 
the other stationary contact upon energization of 
said Winding; reversing connections for Said no 
tor connected to the relay contacts for control of 
said motor by said relay; a single gas-discharge 
tube in circuit with the winding of Said relay to 
control the same, said tube becoming conductive 
at a certain voltage level and becoming inon-COn 
ductive at a certain lower voltage level; and 
means for applying to said tube a cyclically fluc 
tuating unidirectional voltage whose amplitude 
varies in relation to said voltage levels according 
to the adjustment of said device, whereby the re 
ative time percentages of conductivity and non 
conductivity of said tube are varied according to 
the adjustment of said device, and Said motor is 
controlled accordingly through the operation of 
said relay under control of Said tube. 

2. In a servo system for control of an adjust 
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6 
able; device; means including a reversible: notor 
for adjusting said: device; a single controlling re 
lay having a winding, as pair: of Spaced stationary 
contacts, and a movable contact biased. to Ward 
one of the stationary contacts and Inovable to. 
ward the other stationary contact; upon energiza 
tion of said: winding; reversing: connections for 
said: motor connected to; the: relay: ContactS fols 
control of Said motor, by said:relay; a control Cir 
cuit, for Supplying current to, the wiriding of Said 
lelay; a single gas-discharge tube in: Said: circuit. 
to control said: relay, said: tube becoming conduc 
tive at a certain. Voltage; eWei:aind: becorating non: 
conductive at: a, certain lower: Voltage level; and 
means for producing, iii.; Said. Circuit, acroSS Said 
tube a cyclically fluctuating unidirectional Voltage 
whose amplitude: varies.inrelation to Said Voltage. 
levels: according:to, the adjustinent of Said device; 
Whereby the: relative stir;3 percentages of conduct 
tivity and non-conductivity of Said tubes are: Vai:- 
ied, according to the adjustinent of Said device; 
and said: netor, is controlled; accordingly, thic light: 
the:cperations of said, relays under control of Said 
tube. 

3; in a servo system for control: of an: adjust 
tige; means including a reversible; motor 

for adjisting: said device; a single controlling re 
lay having a winding, a pair of spaced stationary 
contacts, and a triovable contact biased: toward 
one of the stationary contacts and novable: to 
ward the other stationary contact upon eiergiza 
tion of said winding; reversing consections for 
said iiiotr connected to the relay, contacts: for: 
control of Said notoi by said relay; a CO2 troicii. 
cuit for supplying cirrent to the winding of said 
relay; a single gas-discharge; tube in said circuit 
to control said relay, said tube: becoming conduct 
tive, at a certain voltage-level and becoming non 
conductive at a certain lower voltage level; means 
for supplying to said circuit all; altel'nating volt 
age whose: amplitute varies: according to the ad. 
justment of said device; and rileans iia Said circuit 
for converting said alternating voltage to a Cycli 
cally: fiuctuating, unidirectional voltage whose 
amplitude-varies in relation to said: voltage-levels 
according to the adjustment of Said device; 
whiereby the relative time percentages of conduel. 
tivity and non-conductivity of said tube are var 
ied according to the adjustment of Said device; 
and said motor is controlled accordingly through 
the operation of said relay under control of Said 
tube. 

4. In a servo system for control of an adjust 
able device; means including a reversible motor 
for adjusting said device; a Single controlling re 
lay having a winding, a pair of Spaced stationary 
contacts, and a movable contact biased toward 
one of the stationary contacts and movable 
toward the other stationary contact upon ener 
gization of said winding; reversing connections 
for said motor connected to the relay contacts 
for control of said motor by said relay; a gas 
diode which becomes conductive at a certain 
voltage level and becomes non-conductive at a 
certain lower voltage level; a control circuit in 
cluding said diode and the Winding of said relay 
in series; a transformer connected to supply cur 
rent to said control circuit; means for supplying 
to said transformer an alternating Voltage whose 
amplitude Varies according to the adjustment of 
said device; and rectifying and filtering means 
in said control circuit for converting the voltage 
from said transformer to a cyclically fluctuating 
unidirectional voltage whose amplitude varies in 
relation to said voltage levels according to the 
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adjustment of said device, whereby the relative 
time percentages of conductivity and non-Con 
ductivity of said diode are varied according to 
the adjustment of said device, and said motor is 
controlled accordingly through the operation of 
Said relay under control of Said diode. 

5. In a servo system for control of an arc lamp; 
means including a reversible motor for adjusting 
the lamp electrodes; a single controlling relay 
having a winding, a pair of spaced stationary 
contacts, and a movable contact biased toward 
one of the stationary contacts and movable to 
ward the other stationary contact upon ener 
gization of said winding; reversing connections 
for said motor connected to the relay contacts 
for control of said motor by said relay; a single 
gas-discharge tube in circuit with the Winding of 
said relay to control the same, said tube becom 
ing conductive at a certain voltage level and be 
coming non-conductive at a certain lower Voltage 
level; and means responsive to the Voltage across 
said electrodes for applying to said tube a cycli 
cally fluctuating unidirectional voltage whose 
amplitude varies in relation to said voltage levels 
according to the voltage across said electrodes, 
whereby the relative time percentages of con 
ductivity and non-conductivity of said tube are 
varied according to the voltage across Said elec 
trodes, and said motor is controlled accordingly 
through the operation of said relay under con 
trol of said tube. 

6. In a servo system for control of an arc lamp; 
a constant current transformer for Supplying 
operating current to the arc lamp; means includ 
ing a reversible motor for adjusting the lamp 
electrodes; a single controlling relay having a 
Winding, a pair of Spaced stationary contacts, and 
a movable contact biased toward one of the sta 
tionary contacts and movable toward the other 
stationary contact upon energization of said 
Winding; reversing connections for said motor 
connected to the relay contacts for control of 
said motor by Said relay; a single gas-discharge 
tube in circuit with the winding of said relay to 
control the Same, Said tube becoming conductive 
at a certain voltage level and becoming non 
conductive at a certain lower voltage level; and 
means responsive to the voltage across said elec 
trodes for applying to said tube a cyclically fluc 
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8 
tuating unidirectional voltage whose amplitude 
varies in relation to said voltage levels according 
to the voltage across said electrodes, whereby the 
relative time percentages of conductivity and 
non-conductivity of said tube are varied accord 
ing to the Voltage across Said electrodes, and said 
motor is controlled accordingly through the Oper 
ation of said relay under control of said tube. 

7. In a servo system for control of an arc lamp; 
means for supplying unidirectional current to the 
arc lamp; means including a reversible motor for 
adjusting the lamp. electrodes; a single control 
ling relay having a Winding, a pair of spaced star 
tionary contacts, and a movable contact biased 
toward one of the stationary contacts and mov 
able toward the other stationary contact upon 
energization of Said Winding; reversing connec 
tions for said motor connected to the relay con 
tacts for control of said motor by said relay; a 
single gas-discharge tube in circuit With the wind 
ing of Said relay to control the same, said tube 
becoming conductive at a certain voltage level 
and becoming non-conductive at a certain lower 
voltage level; means for deriving a simulated al 
ternating voltage from the voltage across the 
lamp electrodes; and means responsive to the de 
rived voltage for applying to said tube a cyclically 
fluctuating unidirectional voltage whose ampli 
tude varies in relation to said Voltage levels ac 
cording to the voltage across said electrodes, 
whereby the relative time percentages of con 
ductivity and non-conductivity of said tube are 
Varied according to the voltage across said elec 
trodes, and Said motor is controlled accordingly 
through the operation of said relay under con 
trol of said tube. 

IREDELL EACHUS, JR. 
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