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Reoscoe H. Smith and Lloyd E. Miller, Cleveland,
Ohio, and Leon M. Dunning, Boston, Mass., as-
signors to The Reliance Electric and Engineer-
ing Company, a corporation of Ohio

Original application August 17, 1940, Serial No.
353,102, Divided and this application April 21,

1942, Serial No. 439,924

7 Claims.

This application is a division of cur application
Serial No. 353,102, filed August 17, 1940, for Elec-
trical control systems, .

Our invention relates in general to electrical
control circuits and more particularly to electrical
control circuits including motors and generators
connected to drive a load which has a wide speed
variation such, for example, as a cloth printing
machine.

The main drive for the cloth printing cylinder is
applied to the several engraving rolls by a suit-
able gearing arrangement. The pressure of the
engraving rolls on the large printing cylinder
drives the latter by friction. In actual practice
the . circumferences of the engraving volls vary
between 16 inches to 24 inches for different
lengths of patterns being printed. Accordingly,
the linear speed of the printing machine cylinder
varies from a given speed of the main drive, de-
pending upon the circumferences of the engrav-
ing rolls. At the maximum lineayr speeds the drive
is designed to provide at least 300 vards per
minute, which is made available even with the
minimum size engraving rolls; namely, the 16

inch circumference rolls, and at the minimum :

linear speeds the drive is designed to give as low as
10 yards per minute for threading or matching-
up purposes, which is made available with the
maximum siZe engraving rolls; namely, the 24
inch circumference rolls. Although this appears
to be a 30 to 1 speed range, it is actually 45 to 1
by reason of the variations in the diameters of the
engraving rolls. In threading the machine, the
operator may run it at g low speed by setting the
electrical control at “run slow” condition. For
production printing speeds the operator operates
the machine under “run fast” condition.

An object of cur invention is to provide for se-
lectively energizing the main motor which drives
the engraving rolls and the printing cylinder from
a low voltage and a normal voltage generator to
obtain the wide speed variations.

Another cbiect of our invention is to provide
for electrically energizing the main motor from

the low voltage generator under the run slow +#

condition and to provide for energizing the main
‘motor from the normal voltage generator under
the higher speeds of the run fast condition.

Anocther object of our invention is to provide
for preventing the main driving motor from being
subjected to an electrical jar upon the transition
from the low voltage generator to the normal
voltage generator.

‘Another object of our invention is to provide
for making the transition from the low veltage
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generator to the normal voltage generator, and
vice versa, at a point or condition where the
voltages of the two generators are relatively close
together.

Another object of our invention is to provide
for making the transition from the low voltage
generator to the normal voltage generator, and
vice versa, at a point or condition where the voli-
ages of the two generators are relatively close
together while the voltages of both generators are
changing. :

Other objects and a fuller understanding of
our invention may be had by referring to the fol-
lowing description and claims, taken in conjunc-
tion with the accompanying drawing, in which:

The figure shows a diagrammatic illustration of

-our electrical control circuit, the figure compris-

ing the only view of the drawing.

The figure has been made by taking the divi-
sional subject matter from Figures 3, 4 and 5 of
our application Serial No. 353,162 hereinbefore
mentioned, and in doing this the corresponding
parts are designated by the same reference char-

-acters, except that the reference characters which

designate the conductors in the figure of the pres-
ent application do not correspond to the conduc-
tors designated in the Figures 3, 4 and 5 of our
application Serial No. 853,102.

With reference to the figure, the printing cyl-
inder is indicated generally by the reference char-
acter 18 and is driven by a main driving motor
54 through the plurality of engraving rolls 17.
As explained hereinbefore, the speed varistion
from low speed to high speed may be as much
as 45 to 1 and to take care of this wide variation
in speed, we arrange for selectively connecting
the main motor 84 to a threading or crawl gen-
erator 7T or to a main generator 8. In other
words, for slow speed operation the threading
generator T1- supplies energy for operating the
main motor ¥ and for production purposes the
main motor 54 is energized from the main gen-
erator 16. An alternating current motor 82 is
arranged to drive the main generator 75 as well
a5 an exciter 8{, all of which may be suitably
driven by the same shaft construction. The
threading or crawl generator 17 is arranged to
be driven by an alternating current motor $3.
The two alternating current motors 82 and 83
may be suitably energized from an alternating
current source 84, in which the motor 82 may be
connected to the alternating current sourcs
through the set of contactors 85 upon the clos-
ing of the switch 237 and in which the motor 82
may be suitably connected to the alternating
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current supply source through a contactor 148
upon the closing of the switch 238. The exciter
8i supplies current for governing the control cir-
cuits as well as for the fields of the generators
76 and 71, the field for the main motor ¥4 and
the field for the exciter itself. As illustrated,
the field 131 for the exciter is connected across
the conductors 27 and 28 energized by the ex-
citer and governed by a resistor {32 of the ad-
justable type. The field 91 for the main gen-
erator 16 is energized by a circuit which extends
from the exciter conductor 2§ to a conductor
59, the field winding 8!, and a conductor §f to
a variable resistor 84 of the metor operated rheo-
stat 137 and to the conductor 27. The circuit for
energizing the field 87 for the threading genera-
tor 11 may be traced as follows: beginning with
the exciter conductor 28, current flows through
a conductor 52, the field winding 97, and a con-
ductor 53 to the variable resistance 138 of the
motor opsrated rheostat 137 and to the conduc-
tor 21. The circuit for energizing the field wind-
ing 88 for the main motor §4 extends from the
exciter conductor 28 through the conductor 98,
the winding 95 and the illustrated adjustable re-
sistor 57. The generated voltage range for the
threading generator 17 is lower than the gen-
erated voltage range for the main generator 76.
However, the upper porticn of the range for the
threading generator 17 overlaps the lower por-
tion of the voltage range for the main genera-
tor 8.

The selection as:to Whether the crawl or thread-
ing generator 17 or the main generator 76 sup-

plies current to the main motor is governed by 3

the transition relays 159 and 23({. When the
transition relay 159 is energized the main motor
54 is connected in circuit relation with the thread-
ing generator 17 through a eircuit which may be
traced as follows: beginning with the conductor
{8 the -circuit extends through the armature of
the threading generator 11, the conductors 14
and 12, the contacts 168 of the relay (58, and the
conductors 3 and 14 ‘through the opposite ter-
minal of the main motor 54. When the transi-
tion relay 23{ is energized the main motor 52 is
connected in circuit relation with the main gen-
erator 16 and the circuit may be traced as fol-
lows: beginning with the conductor {8 the cir-

cuit extends through a conductor 20, the arma- °

ture of the main generator 78, the conductors
21 and 22, the contacts 233 of the relay 234, and
the conductors 23 and 24 to the opposite side of
the motor 54. Under a dynamic breaking cir-
" cuit, the generators 16 and 71 are both discon-
nected from the armature of the main motor 54
and the armature of the main motor is connected
in & closed circuit including a resistor 38{. The
closed dynamic breaking circuit extends irom
conductor 18 through the conductor 20, the resist-
ance 381, the conductor 25, the contacts 298 of
the relay 173 and the conductors 26, 24 and {4
to the opposite side of the mctor B4.

The motor operated rheostat {37 which con-
trois the operation of the circuits is driven by a
motor 544 through a rack and pinion drive 138.
(The motor operated rhecstat 137 and the motor
544 which drives it may be the same as that sub-
stantially shown and described in cur parent ap-
plication, Serial No, 353,102, filed August 17,
1940.) As illustrated diagrammatically, the mo-

tor 544 may be controlled by a run slow contact-
ing device 149 or a run fast contacting device
{50. A “stop” contacting device 147 is positioned
in advance of the run slow contacting device 149
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and the run fast contacting device 150 and is
arranged to arrest the operation of the control
system. The stop contact device and the run
slow and the run fast contact device as well as
the motor 544 for the motor operated rheostat
137 are diagrammatically illustrated as being con-
nected across the exciter conductors 21 and 28.

In starting the equipment in operation, the run
slow contact device 189 is actuated which estab-
lishes a circuit for energizing the dynamic break-
ing relay 173 through a circuit which extends
‘from the'execiter conductor 27, the conductor 31,
the winding of the relay 113, and conductor 32
to the run slow contact device 148. In the run

5 slow position fhe motor operated rheostat 137 is

in the position shown in the drawing with the
movable contact member 138 positioned in the
standstill location: In other words, the motor
544 which drives the motor operated rheostat {37
is inactive under the run slow condition. The
energization of the -dynamic breaking relay 113
opens the contacts 299 to remove the dynamic
breaking circuit and closes the confacts 508 for
establishing a circuit for energizing the transi-
tioh relay i39%. 'The circuit for the transition re-
lay {58 may be described as follows: beginhing
with the exciter conductor 2T the tircuit extends
through thée conductor-23, the winding of the re-
lay 158, the conductor 34, the contacts 51 5°of the
relay 231, the conductors 38 and -3§, the contacts
518 of the relay 4i{, the conductor 87, the con-
tacts 509 of the dyhamic breaking relay 113, and
the conductor 38 to the contact fember 6§41 of
the motor operated ‘rheostat and then through
the exciter conductor 28. The ‘enéergization of
the transition relay 59 connects the main motor
54 in circuit relation with the threadihg genera-
tor 771 through the closure of the contacts 188.
The speed 4t which the main motcr 54 operates
under the run slow condition of the circuits.may
be 'as low as 190 yards of. cloth per minufe for
threading or matching-up purposes and ‘this may
be governed by ‘the amount of the resistance in
the resistance element 180 of the motor cperated
Under the run slow condition, the
motor operated vheostat 137 remains ai the
standstill location asshown in the drawing, under
which condition the relays 223 and 411 are both
energized. The relay 223 is energized through a
cireuit which exteirds from the exciter conductor
27, through the conductor 41, the winding of the
rélay 223, and the conductor 82 to the contact
member 6958 of the motor operated rheostat
whereupon the current flows to the exciter con-
The operation of the relay 223 closes
the contacts §53 and connects the two differential
relays 227 and 228 across the conductor 21 of the
main generator 1§ and the conductor {1 of the
threading generator T11.. The circuit for ener-
gizing the relay 411 extends from the exciter con-
ductor 27 through the conductor 39, the winding
of the relay 4il, and the conductor 40 to the
standstill contact member 433 of the motor oper-
ated rheostat 137 whereupon the cuirent flows
through the exciter conductor 28.

Upon the actuation of the run fast contact
device (58 a condition is established for caus-
ing the motor 544 to operate the motor operated
rheostat {37 and causing the movable member
139 to move to the right as-shown in the draw-
ing. As the movable member 139 moves to the
right the resistance 188 is reduced and causes
the voltage of the generator 17 to gradually in-
crease. By the time that the movable member
139 substantially reaches the contact member
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641, the voltage of the threading generator 771
‘has. substantially reached the voltage of the
generator 76 so that the electrical jar upon
the main motor 54 is reduced to a minimum and
the transition takes place in shifting from the
threading generator 11 to the main generator
16. As the movable member (39 moves past the
contact member 641 the circuit is interrupted
which formerly energized the relay 158 and a
new circuit is established for energizing the
transition relay 231 for connecting the main
generator in circuit relation with the main motor
84. The circuit for energizing the transition
relay 231 may be traced as follows: beginning

with the exciter conductor 27, current Hows .

through the contacts 651 of the relay {58 which
is now de-energized, the conductor 43, the wind-
ing of the relay 231, the conductor 44, the con-
tacts 647 of the relay 228, the conductor 45 to

the contact member 642 of the motor operated ¢

rheostat whereon the current fiows to the ex-
citer conductor 28. Inasmuch as the circuit for
energizing the transition reisy 28! extends
through the contacts 6471 of the relay 228, the
circuit is not actually established until the re-
lay 228 becomes sufficiently de-energized to
close the contacts 647, In the actual operation
of our circuit, we preferably hold the contacts
64T open until the difference in voltage gen-
erated by the threading generator 17 and the
main generator 75 have been reduced to ap-
proximately 5 volts. We also preferably make
the transition take place when the veltages of
the two generators are in the neighborhood of
35 or 40 volts. The threading generator 171 has
a more rapid voltage rise than the main genera-
tor 16 during the early stages of the movement
of the motor operated rheostat 137. The pur-
pose of the relay 228 is tc insure that the dif-
ferential voltage between the threading genera-
tor 11 and the main generator 1§ is less than 5
volts, for example, during the transition period
in order to prevent too large a current disturh-
ance upon the main motor 54 which would tend

to damage the cloth being vrinted. After the '

transition takes place, the relay 22§ is de-ener-
gized which opens the contact €53 for removing
the differential relays 221 and 222 from the cir-
cuit. The disruption of the civcuit which en-
ergized the relay 223 occurs when the movable
member (39 of the motor operated rheostat
passes beyond or to the right of the contact
member 658 of the motor operated rheostat. In
this application, when the movakle member 138
is described as moving with reference to the con-
tact members of the motor operated rheostat,
it is to be understood that this is to be inter-
preted to mean that the contacts which are car-
ried by the movable member move with refer-
ence to the contact members upon the motor
operated rheostat. 'The speed at which the mo-
tor 54 operates under the run fast condition de-
pends upon the setting of the motor operated
rheostat which determines the voltage generated
by the main generator 716.
member 139 is moved to the extreme right hand
position, the voltage of the main generator may
be in the neighborhood of 230 to 240 volts,

In stopping the equipment, the run slow con-
tact device 148 is preferably first actuated after
which the stop contact device 147 may be oper-
ated to finally arrest the operation of the equip-
ment. Upon actuaticn of the run slow contact
device 149 the motor operated rheostat moves to
the left until it reaches the standstill position as

When the movable
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shown in the drawing. As the movaple member
139 of the motor operated rheostat moves to the
left the voltage of the main generator 1§ grad-
ually decreases. Upon the movable member £33
reaching the contacts 658 the circuit is again
established for energizing the relay - 223 which
closes the contact 653 for including the relays
227 and 228 in circuit relation with the two gen-
erators 76 and T1. After the movable menmber
139 passes the contact member 6§42 the cireuit is
disrupted which formerly energized the relay 221
and thus the motor 54 is disconnected from cir-
cuit relation with the main generator 718, When
the movable contact member {39 engages the
contact member 641, a circuit is established for
energizing the transition relay 158 which con-
‘nects the motor 54 in circuit relation with the
threading generator 71. The circuit for ener-
gizing the relay 159 extends from the exciter
conductor 217, the conductor 23, the winding of
the relay 159, the conductor 34, the contacis 55
of the relay 23! which is now de-energized, the
conductor 3§, to the point 28, the conductor 1,
the contacts 664 of the relay 227, the conductor
46, the contacts 509 of the relay i73, the con-
ductor 28 to the contact members §4i of the
motor operated rheostat whereupon the current
flows to the exciter conductor 28. Upon the de-
acceleration of the equipment, the current for
energizing the relay 159 upon reaching the noint
48 does not flow through the contacts 518 of the
relay 411 for the reason that the relay 411 is en-
ergized only at the standstill position through
the contact member 433. The object of making
the current flow through the contacts 884 of the
relay 227 upon the encrgization of the relay 59
for the decelerating condition is that relay 159
is prevented from becoming energized until the
voltage between the two generators has been
decreased to a value substantially equal to 5
volts in order to prevent the elecirical jar upon
the motor during the transition from the main
generator 78 to the threadinz generator 371.
Therefore, in our circuit the transition relays
159 and 231 are not operated for transferring
the load of the motor 54 to either one of the two
generators 16 and 77 until the voltage between
the two generators has been decreased to the
value of substantially 5 volts as determined by
the operation of the protective relays 227 and
228. When the equipment has been reduced in
speed by actuating the run slow contact device
149, the movement thereof may be entirely ar-
rested by actuating the stop contact device 47
which operates the dynamic breaking relay 173
to de-energize the relay 59 as well as establish
the dynamic breaking circuit through the con-
tacts 299.

Since the relay 4{{ can be energized only in
the standstill position of the motor operated rheo-
stat (3T by current flowing through the contact

member 433, the equipment cannot be started un-

less the motor operated rheastat is in the stand-
still position as illustrated in the drawing. As
the motor operated rvheostat partialiy moves to
the right from the standstill position, the relay
411 becomes de-energized but the cireuit for en-
ergizing the relay (5% still is maintained through
a holding circui$ established by the contacts 745
of the relay 185 when once energized. The con-
tacts 705 and the two conductors 23 and 23 shunt

“the contacts 58 for the relay #i{ so that the

76

relay {83 remaing energized even though the con-
tact is broken ab the standstill contact 452 of the
motor operated rheosiab ag the movable rmiember
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moves -to ‘the right. *A-holding eifcuit-is also es-
tablished for the relay 23} for holding the relay
energized even though the contacts 847 of thé
relay 228 may be -open as will be the case before
the movable contact ‘member 139 passes to the
right of the -contact member 658 which disrupts
the circuit that energized the relay 223 for -re-
moving ‘the relays 227 and 2238 from circlit réla-
tion with the two getierators 16 and 11. In other
words, the relay 223 is disconnected ‘from- being
energized st as soon ‘as the movable centact
member 139 of the motor operated rheostat passes
to the right beyond tlie point 658 which means
that the relays 228 and 2271 are removed fromn

the differential voltage of the threading -gener- -

ator 11 and the main generator 76 under high
speed operation where the differential yvoltage
would be large and subject to windings of the
relays 227 and 228 to the large curreiit valte.
However, before the rélay 228 is de-énergizéd by
the movable contact member 159 passing beyond
the point 658, the holding circuit through the con=-
tact 861 is established for holding the relay 23!
energized. The equipment contiiiues to run with
the main motor 54 energized from the main gen-
erator 18 and the speed to which the eduipment
attains is determined by the setting of the motor
operated rheostat 37,

‘Although we have dsscribed olr invention with

5 ¢ertain degree of parvticularity, it is understood.

that the present disclosure has beeh made only
hy way of example and that numerous changes
in the details of construction and the combina-
tion and arrangement of parts may be resorted

to without departing from the spirit and the scope

of the invertion as hereinafter ¢laimed.

‘We claim gs our ihvention:

1. Tn a conirol system, the ¢ormibination of &
motor having ah armeature and 2 field, ‘a normal
voltage generator having an arfatuie anda feld,
a low voltage generdtor having afh Armature and
a field, electrical méans for energizing tihe said
fields, variable resistance means for varying the
field ‘excitation of the normal and low voltage
menerators, first circuit medns for connecting the
armature of the motor in circuit retation with the
armature of the low voltage geherator, Second
circuit means for connecting the- armature of the
motor in circuit relation with the armatute of ‘the
noimal voltagse generator, selective control meats
for selectively operating the first and Second cir-
¢uit means, common means for operahn'r the
variable resistance means and tbo selective con-
trol means, and protective means responsive to
the voltage difference of the genérators for also
operating the selective cotitrol means.

2. In a control system for a ¢loth printing ina-
chine having a printing cylinder and rolls; the
combination of a motor for driving the pllntmg
cylinder and rolls, a normal voltage generator,
a low voltage generator, said motor and said gen-
erators having an armature and a field, electri-
¢al means for enérgizing the said fields, first ‘¢ir-
cuit means for connecting the armature of the
motor in circuit relation with the armature of
‘the low voltage generator, second circuit means
for connecting the armature of the motor in cir-
cuit relation with the armature of the normal
voltage generator, selective control means for se-
lectively operating the fixst and second circuit
means, a motor operated rhedstat for varying the
field excitation of the normal and low voltage
generators, said motor operated rheostat also

having electricai contact medns for operating the ;
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selective control mreaiis, and protéctive ‘mealis
responsive to the voltage: differénce of ‘the gen-
erators for also operating the selective ‘control
means.

3. In. & control system, the combination of a
motor having ‘an armature and a fleld, a first
generator having an armature and a field, a sec-
ond generator having an armature and a feld,
electrical means for energizing the fields and
varying the generated voltage of each of the gen-
erators, the generated voltage range of one of
said generators béing lower than the -generated
voltage range of the other said generator, seléc-
tive transition means for connecting the arma-
ture of the motor to ¢ither one of the arthatures
of the generators under changeable generatéd
voltage conditions of ‘both 'generators, and means
for causing the transition means to operate when
the difference between the generated voltages of
the two generators is at a low valus.

4. In a control system, the combination of ‘a
motor having an armature and a field, a frst
generator having an armature and a field, a:sec-
ond generator having an armature and a field,
electrical means for energizing the fields, first
circuit means including a first relay for conhect-
ing the armature of the motor in circuit relation
with the armature of the first generator, second
circuit means including a secsnd relay for con-
necting the armature of the motor in circuit rela-
tion with the armature of the second generator,
a motor operated rheostat for varying the field
excitation of the generators, the generated voli-
age range of the first generator being lowe r than
the generated voltage range of the second gen-
erator with the upper portion of the voltage range
of the first generator extending at least up tothe
jower portion of the voltage range of the second
genemtor a first selective civcuit for cperating
the first relay io connect th armature of the mo-
tor in circuit relation with the first generator, a
second selective cireuit for cperating the second
rnla,y to connect the armature of the motor in cir-
cuit relation with the second generator, said mo-
tor operated rheostat having electrical contact
means for sequenuahy governing the o eration of
the first and second selective circuits, and differ-
ential relay means responsive to the c’1ﬂerence
betweon the voltages of the generator for also
governing the operation of the first and second
selective circuits when the voltage differential be-
tween trva two generators is at a low value:

. In a control system; the combination of a
motm having an armature and a fleld, a first
generator having an armature and a field, a sec-
ond generator having an armature and a field,
electrical means for energizing the fields, first
circuit means including a first relay for connect-
ing the armature of the motor in circuit relation
with the armature of the first generator, second
circuit means including a. second relay for con-
necting the armature of the motor in circuit re-
lation ‘with the armature of the second gener-
ator, a motor operated rheostat for varying  the
field excitation of the generators, the generated
voltage range of the first generator being lower
than the génerated voltage range of the second
generator with the upper portion of the voltage
range of the first generator extending at least up
to the lower portmn of the voltage range of the
second generator, a first selective circuit for op-
erating the first relay to connect the a1matuie of
the motot in circuit relation with the first gen-
erator, a second selectlve circuit for opexatmv
thé second relay to connect the armature of the
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motor in circuit relation with the second gen-
erator, said first selective circuit being connected
through contact means on the second relay and
said second selective circuit being connected
through contact means on the first relay, said
motor operated rheostat having electrical contact
means for sequentially governing the operation of
the first and second selective circuits, and dif-
ferential relay means responsive to the differ-
ence between the voltages of the generator for
2lso governing the operation of the first and sec-
ond selective circuits when the voltage differen-
tial between the two generators is at a low value.

6. In a control system, the combination of g
motor having an armature and a field, a first
generator having an armature and a field, a sec-
ond generator having an armature and a fielg,
electrical means for energizing the fields, variable
resistance means for varying the generator fields
and thus the generated voltage of each of the gen-
erators, the generated voltage range of one of
said generators being lower than the generated

]
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voltage range of the other said generator, selec-~
tive transition means for connecting the arma-
ture of the motor to either one of the armatures
of the generators, means for causing the transi-
tion means to operate when the differential he-
tween the generated voltages of the two gener-
ators is at a low value, and common means for
governing the operation of the variable resistance
means and the selective transition means.

7. In a control system, the combination of a
motor and a plurality of generators for selec-
tively supplying energy to the motor, said gener-
ators having different voltage ranges with a por-
tion of each of their ranges substantially coincid-
ing, selective transition means for selectively con-
necting the motor in circuit relation with the
generators, and means for causing the transition
means to operate when the voltage differential
between the generators is at a low value.

ROSCOE H. SMITH.
LLOYD E. MILLER.
LEON M. DUNNING.




