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I

This invention relates to electrical control sys-

tems of the type embodying. voltage-responsive:

control of an adjustaple device. In. its more. -

limited: aspect, the invention relates to control of
arc lamps.

Thé principal object of the invention is to pro-
vide'a highly efficient servo system of the voltage-
responsive type.

A more specific objéct of the invention is to

provide an improved system for the control of arc
lamps. ‘ i » )
While' it' is intended that the. servo system

provided by the present invention shall he uiilized:

for control purposes wherever it may fing usefut
application, the invention is.especiaily- adagpted to

arc.lamp control and therefore.it wili be described:

with specific reference thereto.
The present invention evolved froman extensive

study and investigation of arc lamp operation and.

control, and from extensive development work: to-

ward improveq operation of arc lamps. In the

past, arc lamps have not been entirely satisfac-

tory, and careful investigation- has shown that

this has beén dué to the fact that the available

control systems have been inadequate to provide: :

the type of control action that is necessary to

maintain steady 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 therew
fore, necessary to adjust the length of the are gap

to' maintain a substantially constant voltage.
thereacross, if the light intensity of the arc is:to: 3

be maintained substantially constant. However,

prior systems for automatically adiusting. the:

length of the'arc gap have not been entirely satis~
factory:

By the present invention there is provided- a: :

rapid’;-adt‘ion;servo system of the voltage-respon—

sive type which is'capable’ of controiling an. arc

lamp in g highly efficient manner. As an.addi~
tlonal feature, where' A. C. operation of an.are

lamp is desired, the ihvention providés for rela--

tively slow action control of the arc current. This

latter control is achiéved 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 td'the'accompanying drawings in which:
Fig. 1 is 4 diagrammatic illastration of system
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.~ tacts 18 and 19.

2
embodying. both types of control as above mehn~
tioned; ‘ o
Fig. 2 is a similar illustration. of a system.em-~
bodying only the rapid servo control action; and
Figs. 3A to 3 are graphic illustrations which.
depict. the operation: of the servo system under
different conditions. 7 v
Referring first to Fig..1.of the drawings, a.pair
of. electrodes are represented.at [ and. 2,. which:
may ke considered to be carbon electrodes of. an:
aré:lamp.. These electrodes are connected across.
the secondary 3 of a constant current transformer
4 whose primary 5 is connected to. 5 suitable A.-C.
source by means of supply conductors 8. The
source of A, C. voltage may be. a 220-volt, 60-cyele:
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 are lamp elec-
trodes independently of the rapid-acting.voltage=
responsive. control arrangement now to be. de=
seribed.. .
The positioning of the electrodes | and 2 is ef-
fected by means. of a conventional two-phase

‘ reversible motor designated generally by refer-

ence character 1.. The motor shaft may be con-
nécted to reducing gears 8, the dotted line 8 rep-
resenting the meclhianical connection.. The posi--
tioning of the.electrodes may be effected by means.
of gear racks (0 and I{ connected respeciively
to the electrodes. ¢ and 2, and. having associated.
theréwith a common. pinion. or driving gear 12
which is driven from the reduction gears 8
through the mechanical connection represented:
by the dotted.line 13. It will be seen that rota~
tion of gear 12 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 1 is controlled by @ relay
14 having an energizing winding {5 and-a. mov-
able contact (6. which. is. pivoted at. T and is:
adapted to engage either of the. stationary con-
A biasing spring 29 urges: the
movable contact 16 toward contact i9; and- when:
these cdnta(;ts are.engaged, the motor 7 is caused:
to operate in.a direction to effect. separation: of.
the electrodes | and 2. Therelay winding 5 acts:
against the spring 20; and-when the relay: i emer=
gized, the movable contact 18 is urged: toward:
contact 18. Engagement of these two: contdets:
causes the motor to operate i the: direction: to:
efiect movement of the electrodes i and. 2 toward:
one another,
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The motor T 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 meansg of conductors 2i and 22, con-
ductor 2{ being connected to a suitable tap on
the primary winding 3, and conductor 22 being
connected to one of the supply conductors 8. It
will be seen that conductor 21 extends to the piv-
oted end of the movable relay contact 18, while
conductor 22 is connected to the junction of the
field windings of motor 7. Contacts {8 and #9
are connected via conductors 28 and 24 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 28 of this transformer is connected to
a control cireuit which includes a rectifier 38,
filter components which may comprise resistors
31, 82, 33, and condensers 34, 35, 36, a gas-dis-
charge tube 37, and the relay winding 15. 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 system which is responsive to variations of

the voltage across the electredes and which fune- g

tions to maintain the veltage constant during op-
eration of the arc lamp, independently of the
current-controlling action of the constant cur-
rent transformer 4.

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 317, 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. V represents the applied volt-
age.

In the inoperative state of the system, i. e,
with the supply source disconnected, the spring
28 is effective to maintain contact {6 in engage-
ment with contact {3. When the system is placed
in operation by the connection of the supply
source, the motor 7 is operated in a direction to
effect the movement of the electrodes | and 2
away 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 86 and is filtered by the filter comprising
components 3{ to 886. 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 voliage, 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 reley winding {%, and movable
contact {§ will be drawn to the stationary con-
tact 18 so that the rotation of the motor 7 will
move the electrodes | and 2 toward each other.
Electrodes ! and 2 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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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 20 will return movable
contact 1§ to engage with stationary contact 19.
Thus the voltage applied to motor 7 will cause it
to rotate in a direction which will move elec-
trodes | and 2 apart. A voltage will appear across
the tube 37 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 are, which also appears across the
control transformer 28, increases. In turn, the
veltage induced in the secondary 28 and the volt-
age across the gas discharge tube 37 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 37 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 37 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 37 is conducting 50% of the time
(see Fig. 3¥). When this is the situation, the
movable contact 16 will dwell equally upon both
stationary contacts {18 and 8 so that the motor T
will be motionless.

As the lamp burns the electrode material is
consumed, 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
37 so that it will conduct for more than half
the time (see Fig. 3G). Contact 1§ will dwell
on contact {8 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 are,
the distance between the electrodes I and 2 is
reduced and the voltage across the arc decreases.
This decrease in the voltage across the primary
27 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 16 will dwell
on contact 19 for more than half the time so that
the net rotation of the motor 7 will be to move
the electrodes | 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 37, 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 1, 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 con-
densers and the three resistors in the filter cir-
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s.
cnit: permits: the sensitivity: and: shape of® the:
torque. error: curve: to: be: varied . inv such g man—
ner as:te be most. advantageous: to: the: particur
lar application: involved.,

In. Fig; 2,.there-is. illustrated a: mocuﬁed form:
of: the,, :,{st°m: in:which:a.D, C. voltage isiapplied
to:the electredes:  Intl:s instance; the constant:
current: transformer’4d.of Fig: 1 is:eleminated, and:
an; interrupder- 88; is provided as shown soiasito
sunply a:simulated: A. C. voltage. to: the: control
transformer 28:. The interrupter may: berin: the:
form. of: a:relay having a: winding: 39; a' mavable:
contact: 40; and: stationary contacts: 41 and 42
Both: the:motor T and the relay 38 msy be ener~
gized:from a:common. A: C. supply overrconducs.
tors43: . Aside -fromy the:abovesmentioned: modi-
fications the-system is:identical with that of: Fig:
1.and-elements are desiznated by the same refers
ence . numerals:
Fig: 2 is: the: same- as:the' cperation: of: the: syss
term.of Fig. 1 as:described abover

The:present.invention has gone info commers
cial-use:and-hasiproved. to e highly succsssful:
In;one:rhysical embadiment according. to Fig: 1t
the gas' discharge: tube 27 is g miniature typs
©B2;. relay: {&:is a: Western Electric:Relay Type
275B; rectifier:30iis of the seleninm-type: and:ths
filterscomponents have values:as.follows::
Resistor 31 ___(nhone required this arrangement)’
Resistor 32 1000 oniniis
Resistor 83 . _______ 4000 ohiis.
Condenser 34" 2 microfarads
Condenser 3%
Condenser 36

0 microfarad.

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:géscribed, theinvention
is not limited: thereto. but- is capable: of other
forms of physical expression.

Moreover, the servo system provided by. the in-
vertion.is-not limited to arc lamp control By
way’of example of other uses; this sy&tem. Has
heen applied. to' the mainfenance of constant
speed'in magnetic sound-recording. deviees. . Ob-
vieusly. this system may be utilized. wherever. it'is
desired. to.maintain seme condition and it is con-
venient tc provide an A. C. voltage which varies
with that condition.

Iclaim:

1. 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 thestationary contacts and movable toward
the other stationary contact upon energization of
said winding; reversing connections for said mo-
tor connected to the relay ceniacts for control of
said mctor by said reiay: 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-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 rel-
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-

The:operation of the system: of’

2 microfarads.

2.
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- tivity’ and nen>conductivity of: said: tube: ape v

48

6
able: device; means: ineluding 4. reversible: nrotor:
for:adjusting. said: devicey; & single:controlling; re=
lay having awinding; a: pair of spaced: stationary
contacts, and a movable contdct: biased. toward
one of: the: stationary’ contaicts: and: movable: to~
ward the othep stationary contastupon energiza~
tion:. of: said: wiriding;. reversing: connestions for
said: motor connected: to: the: relay contacts: for
coritrol:ofi saitl: motor by, said:relay;: a:control cir~
cuit: for supplying: current: to. the: wiriding of: said
relay;: a. single gas~discharge: tube in: said: eircuit
ta:conitrol said:relay; said:tuhe becoming: condue~
tive at a:certain: voltagesieveland: bécoming nonx
conductive at @, certain lower: voltage level;, and:

. miegdnsi forr producing. ify: said: civcuit: acrass: said:

tube:g cyclicaliyfluctuating unidirectionalvoltage
whoeseamplitude-varies.in' relationito:said: voltage
levelsiacoordihg:to. the:adjustiment. of said device:
whereby thierelative:-tima: percentagesiof condue~

isd according to- the adjustment: off said: deviece:
aridi said: motor is controlled: aceordingly through
the: cperaticn: of said relay under contiel:of said
tube:.

3 Ina-servo: system fors controli of an: adjust=

ables deyige; mearis including: 4: veversible: motoy

for adii tmg said dév: aisingle:conityolling: rex
lay:Having ‘a-winding, o pair of epaced:stationary
goritacts; and: a. wicvable coritact hiased: toward

. onetof’ the stationary: conticts and movable: to=

ward the other stationary contactiupon:erergiza~
tion: of said: winding; reversiiig: conneetions for
said motor’ connected: to: the! relay: corntacts: fort
controelof’ said motor by saig rellly;. a.control ciiiv
cuitsfor'supplying currvent. to: the wihding of: s&id
relay; o single gas-diseharge: tiibe: i said- cireult
to:control saidirelay, said: thberbeeoming condiic
tiverat'a certalniveltage:level and: becoming nehs
conductive atia-certain lower voltageilevel; medng
foresupplyitig to- saidicircyit’ an: alternatinig volt~
age  whose: amplitiide- variesiaccording to. the sd
justment of saididevice; and:nieans invsaid: cireiit
for-converting said glternatiiig: voltage to'a cye
eally fluetiiating: unidirectionsl’ voltage whose

5. amplitude-varies-inrelationto said:voltage:levels

according: to- the: adjustment of said: device:.
whereby the relative time pereertages of condies
tivity and non-conductivity of said!tube are vars
ied’ according’ to the adjustment’ off said deviee:
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 eircuit 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 fo
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 s 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 cyeli-
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 confrol 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 conftrolling 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 cireuit 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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tuating unidirectional voltage whose amplitude
varies in relation to said voltage levels according
to the voltage across said electrodes, whereby the
relative time bpercentages of conductivity and
non-conductivity of said tube are varied accord-
jing 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 sta-
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 fube
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 varieg 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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