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9 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 3 wide speed
variation such, for example, as a cloth, printing
machine.

The main drive for the cloth printing eylinder 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 rolls 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 linear speeds the drive
is designed to provide at least 200 yvards per
minute, which is made available even with the
minimum size engraving rolls; namely, the 18

inch circumference rolls, and at the minimum

linear speeds the drive is designed to give aslow 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
Py reason of the variations in the diameters of the
engraving roils. In threading the machine, the
operator may run it at a 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 eylindey from
a low voltage and a normal voltage generator to
obtain the wide speed variations. |

Another cbiect of our invention i1s to provide
for electrically energizing the main motor from

the low vollage generator under the run slow -

condition ang 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., | o '
Another object of our invention is to provide
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for making the transition from the low veltage. B9

generator to the normal voltage generacvor, and
vice versa, at a point or condition where {he
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 fisure shows a diagrammadtic illustration of

our electrical control circuit, the figure compris-

ing the only view of the drawing. |

The figure has been made by takine the divi-
sional subject matter from Figures 3, 4 and 5 of
our application Serial No. 353,102 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 fizure 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. 353,102.

With reference to the figure, the printing cyl-
Inder is indicated generally by the reference char-
acter I8 and is driven by a main driving motox
24 through the plurality of engraving rolls |7.
As explained hereinbefore, the speed varistion
from low speed to high speed may be as much
as 40 to 1 and to take care of this wide variation -
n speed, we arrange for selectively connecting
the main motor 54 to a threading or crawi gen-
erator IT or to a main generator 5. In other
words, for slow speed operation the threading
generator 171 supplies energy for operating the
maln motor 8 and for production purposes the
main motor 34 is energized from the main gen-
erator Te. An alternating current motor &7 is
arranged to drive the main generator 7§ as well
a5 an exciter 81, 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 8§3.
The two alternating current motors 82 and &3
may be suitably energized from an alternating
current source 84, in which the motor 82 may be
connected to the alternating current scurce
through the set of contactors 85 upon the clos-
ing of the switch 237 and in which the motor 82
may be suitably connected o the alternating
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current supply source' through a contactor (45
upon the closing of the switch 238. The exclver

g8f supplies current for governing the control cir~

cuits as well as for the fields of the generators
16 and 71, the field for the main motor 4 and
tne field for the exciter itself.
the field 131 for the exciter is connected &CIesS
the conductors 27 and 28 energized by the €X-
citer and governed by a resistor {82 of the ad-
justable type. The field 8t for the main gen-
erator 16 is energized by a circuit which extends
from the exciter conductor 28 to a conducior

As illustrated,

and the run fast contacting device 15€ and 1s
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

i} |
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the motor 544 for the motor operated rheostat
1317 are diagrammatically illustrated as being con-
nected acrcss the exciter conductors 21 and 2.

In starting the equipment in operation, the run
slow contact device 188 is actuated which estab-
lishes a circuit for energizing the dynamic break-
ing relay 173 through a circuit which extends

- .from the’exciter conductor 21, the conductor 31,

50, the field winding 8!, and a conductor 3f to

a, variable resistor 94 of the motor 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 operated rheostat 137 and to the conduc-
tor 21. The circuit for energizing the field wind-
ing 88 for the main motor 24 extends from the
exciter conductor 28 through the conductor B8,

the winding 95 and the illustrated adjustable re- :

sistor 571. The generated voltage range for the
threading generator 17 is lower than the gen-
erated voltage range for the main generator 16.
However, the upper portion of the range for the
threading generator 77 overlaps the lower por-
tion of the voltage range for the main genera-
t'or'?@_ | | ) - ' |
The selection as to whether the crawl or thread-
ing generator 77 or the main generator 6 sup-

plies current to the main motor Is governed by 3

the transition relays '159'_-3;'11'(1_.-.?23&‘. When the
transition relay 159 is energized the main motor

=8 is connected in circuit relation with the thread-

ing generator 77 through a circtuit which may be
traced as follows: beginning ‘with the conductor
{6 the circuit extends through the armature of
the threading generator 171, the conductors [

conductors {3 and 14 through the opposite ter-
minal of the main motor 52, When the transi-

tion relay 23! is energized the main motor & is

connected in circuit relation with the main gen-
“erator 76 and the circuit may be traced as fol-
lows: beginning with the conductor {8 the cir-

cuit extends through a conductor 2€, 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 5&4. Under a dynamic breaking cir-
~ cuit, the generators 76 and 71 are both discon-
nected from the armature of the main motor B4
and the armature of the main motor 1s connected
in o closed circuit including a resistor 38f.. The

closed dynamic breaking circuit extends from .

conductor 18 throush the conductor 28, the resist-
ance 28!, the conductor 2%, the contacts 288 ol
the relay 173 and the conductors 2§, 24 and {4
to the opposite side of the mctor 54. .
" The motor operated rheostat 137 which con-
trois the operation of the circuits is driven by &
motor 544 through a rack and pinion drive §38.
- (The motor operated rheostat 137 and the motor
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" and 12, the contacts 168 of the relay 158, and the
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ductor 27 through the conductor 39, the winding

2 “ductor £8.

the winding of the relay {13, and conductor 32
to the run slow contact device 1483. In the run
slow position the motor operated rheostat 137 is

in the position shown in the drawing with the

movable contact member (39 positioned In the

standstill location. In other words, the motor

544 which drives the motor operated rheostat {31
is inactive under the run slow condition. The
energization of the -dynamic breaking relay 173
opens the contacts 299 to remove the dynamic
breaking circuit and closes the contacts 509 for
establishing a circuit for energizing the transi-
tioh relay §{38. The circuit for the transition re-
lay 1858 may be described as follows: beginnhing
with the exciter conductor 21 the ctircuit extends
throuch thée conductor 23, the winding of the re-
lay 159, the conductor 34, the contacts 515 of the
relay 231, the conductors 3% and 39, the contacts
518 of the relay #1i, the conductor 31, the con-

‘tacts 589 of the dyhamic breaking relay {13, and

the conductor 38 to the contact member 41 of
the motor operated rheostat and then through
the exciter conductor 28. The energization o1
the transition relay {53 connects the main maotor
§4 in circuit relation with the threading genera-

tor 11 through the closure of the contacts 198.

The speed at which the main motor 54 operates
under the run slow condition oi the circuits - may
be ‘as low as 10 yards of cloth per minuie for
threading or matching-up purposes and this may
be governed by the amount of the resistance in
the resistance element 189 of the motor operated
vheostat {37. Under the run slow condition, the
motor operated trheostat 13T remains ai the
standstill location as shown in the drawing, under
which condition the relays 223 and 411 are both
energized. The relay 223 is energized through a

‘circuit which exteinds from the exciter conductor

27, through the conductor 41, the winding of the
relay 223, and the conductor 22 to the contact
member 058 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 18 and the conductor i1 of the
threadingz generator 171.. The circuit for ener-
oizing the relay 41! extends from the exciter con-

of the relay 4ii, and the conductor 4@ to the

 standstill contact member 433 of the moior cper-

524 which drives it may be the same as that sub- - '

stantially shown and describzad 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 148 or a run fast contacting device

I50. A “stop” contacting device 147 is positicned
in advance of the run slow contacting device 149

through the exciter conductor 28. o
 Upon the actuation of the run fast contact
device 158 a condition is established for caus-
ing the motor 544 to operate the motor operated
rheostat (37 and causing the movable member
{39 to move to the right as shown in the draw-

" ated Theostat 127 whereupon the cuirent Ifows
65 -

ing. As the movable member 139 moves to the

right the resistance 180 is reduced and causes
the voltage of the generator 171 to gradually in-
‘crease. By the time that the movable member
139 substantially reaches the contact membper




2,343,335

641, the voltage of the threading generator 11
has. substantially reached the voitage of the
generator 16 so that the -electrical jar upon
the main motor 54 is reduced to 3 minimum and
the transition takes place in shifting froin the
threading generator 17 to the main generstor
16. As the movable member (3% moves past the
contact member 641 the circuit is interrupted
which formerly energized the relay 58 and a
new circuit is established for energizing the
transition relay 231 for connecting the main
- generator in circuit relation with the main motor
94. The circuit for energizinz the transition
Telay 231 may be traced as follows: beginning
with the exciter conductor 21, current
through the contacts 651 of the relay 5% which
is now de-energized, the conductor 43, the wind-
Ing of the relay 231, the conductor &4, the con-
tacts 64T of the relay 228, the conductor 45 to

the contact member 642 of the motor cperated =«

rheostat whereon the current fiows to the ex-
citer conductor 28. Inasmuch ss the circuit for
energizing the transition vrelay 231 extends
through the contacts 647 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 78 have been reduced io aD-
proximately 5 volts. We zlso preferably make
the transition take place when the veltages of
the two generators are in the neighborhaod of
39 or 40 volts.
& more rapid voltage rise than the main genera-
tor 16 during the early stages of the movement
of the motor operated rheostat {37. The pur-
pose of the relay 228 is toc insure thet the dif-
ferential voltage between the threading genera-
tor TT and the main generator 15 1s less than 5
volts, for example, during the transition period
in order to prevent too larse a current disturb-
‘ance upon the main motor 54 which would tend

to damage the cloth being vrinted. After ihe

transition takes place, the relay 228 is de-ener-
gized which opens the contact £52 for removing
the differential relays 2271 and 222 from the cir-
cuit. The disruption of the circuit which en-

ergized the relay 223 occurs when the movable

member (33 of the motor operated rheostat
passes beyond or to the right of the contact
member 638 of the motor operated rheostat. In
this application, when the movable member 139

1s described as moving with reference to the con-

tact members of the motor operated rheostat,
it Is to be understood that this is to ha nter-
preted to mean that the contacts which are ear-
ried by the movable member move with refer-

ence to the contact members upon the motor

operated rheostat. The speed at which the mo-
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shown in the drawing. As the movable member
139 of the motor operated rheostat moves to the
left the voltage of the main generator 19 grad-
ually decreases. Upon the movable member 138
reaching the contacts 858 the circuit is again
established for energizing the relay- 223 which

closes the contact 653 for including ihe rejays

221 and 228 in circuit relation with the two gen-
erators 76 and 71. After the movaple member

139 passes the contact member §42 the cireuit is

disrupted which formerly energized the relagy 2231
and thus the motor 54 is disconnected from cir-
cult relation with the main generator 15. When
the movable contact member {38 engages the
contact member 641, a circuit is established for
energizing the transition relay 189 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 27, the conductor ¢3, the winding of
the relay 159, the conductor 34, the contacis 5i5
of the relay 23! which is now de-energized, the
conductor 38, to the point 48. the conductor 47,
the contacts 664 of the relay 227, the cenductor
46, the contacts 509 of the relay i3, the con-
ductor 28 to the contact members 6§41 of the
motor operated rheostat whereupon the cuirent
fiows to the exciter conductor 28. [ non the de-
acceleration of the equipment, the current for
energizing the relay 159 upon reaching the noint
48 does not flow through the contacts 5ip of the
relay 411 for the reason that the relay 4i{i is en-
ergized only at the standstill position thxrough
the contact member 433. The object of making
the current flow through the contacts §34 of the

-relay 227 upon the encregization of tne relay 159

LY

for the decelerating condition is that relay (59
is' prevented from becoming energized until the
voltage between the two generators has been
decreased to a value substantially eaual to 5
volts in order to prevent the electrical jar upcn
the motor during the transition from the maizn
generator 76 to the threading cenerator 57
Therefore, in our circuit the transition relays

&5 159 and 231 are not operated. for transferring

60
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the load of the motor 54 to either one of the two
generators 76 and 7T 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 he entirely ar-
rested by actuating the stop contact device 127
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. o
Since the relay 41t can be energized only in

the standstill position of the motor operated rheo-

stat {371 by current flowing through the conizct

tor 94 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 16. When the movable
member 139 is moved to the extreme right hand
position, the voltaze of the main generator may
be in the neighborhood of 230 to 240 volts.
In stopping the equipment, the run slow con-
tact device 1438 is preferably first actuated atter
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

member 433, the equipment cannot be started un-
less the motor operated rhecstat is in the stand-
still position as illustrated in the adrawing. As
85 the motor operated rheostar partially moves to
the right firom the standstill position, the relay
411 becomes de-energized but the circuit for en-
ergizing the relay {52 still is maintained through
a helding circuib established by the contacts T4
of the relay 185 when once energived. The con-
tacts T08 and the two conductors 25 and 23 snunt
~ the contacts 518 for the relay #1{ so that the
reiay 188 remaing energized even though the con-
‘tact is broken ai the standstill contact 452 of the
76 motor operated rhecsiat as the movable miember

70

device [49 the motor operated rheostat moves to
the left until it reaches the standsti_ll po.sition as
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" mioves-to ‘the right. A hdldmg ¢ircuit-is ‘also '"és-

tablished for the relay 231 for holding the- relay

eitergized even though the ‘contacts ‘9471 of the
relay 228 may be open 2s will be the case -before
- the movable contact mémber 1323 passes t6 the

~ right of the contact member 633 which disrupts

the circuit that energized the relay 223 for re-
‘moving the relays 227 and 228 from c¢ircuit rela-
tion with the two generators 76 and 11. In other
words, the relay 223 is disconnected from ‘being

energized just as soon as the movable contact

10

member 139 of the motor operated rheostat passes '

to the right beyond the point €58 which means
‘that the relays 228 and 227 are removed from

the differential voltage of the threading -gener- -

ator 11 and the main generator 70 undei high
‘speed operation where the differential voltage

would be large and subject to windings of the

relays 227 and 228 to the large currernt valie.
However, before the. 1'e1ay 228 is de-energizéd by

the point 658, the holding circuit through the con-

~ tact 861 is established for holding the relay 2314

| energ;r.?ed The equipment continues to run with
~ the main motor 54 energized from the main oen-
erator 18 and the speed to which the equipment
attains is determined by’ the setting of the mc;- or
operated rheostat £37. Co
- Although we have dE‘iCI‘IbEd our mventmn Wlth

5 certain degree of particularity, it is understood.

that the present disclosurée has been made only
by way of example and that numerons chinges
in the details of congtruction: and the combifha-
tion ahd arrangement of parts may bé Fesorted
to without departing from the spirit'and the scope
o*‘ the invention #s hereinafter clmmed |

‘W e claim gds our invention: -

In 2 control system. the eotabination nf &
mﬁtm having an armafire and -2 field, a normal
'voltaﬂ'e venerator haviiig gn qrm,:.-.ture and a feld,
) lf::w voltage Eenerator Kaving an armatw‘e and
a field, electrical means for eherzizing the said

fields, vaiiable resistance means for varying the
field excitation of the narmal and low voitage

voltage

| 2;543;835

selective control meahs, and protéctive means.

responsive to the voltage diflerénce of ‘the gen-
erators for a,lsm Dperatmg thb selectwe ccmtml

means.

3. In. & contml System t‘le cﬁmbmatmn Gf a
motor having an armatutre and a field, 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 and
varying the generated voltage of each oi the gen-
erators, the generated voltage range -of one of
said generstors being lower than the generated
range of the other said generator, seléc-
tive transition ineans for connecting tne arma-
ture of the motor to either one of the armatures
of the generators under changeable generated
voltage conditions of both geherators, and means

~ for causing the transition means to operate when

20
" the movable contact member 139 passing beyond

2b

the difference between the generated voltan'es of :
the two generators is at a low value. B

4. In a control system, the : ombmatmn of a
motor having an armature and o field. a {first
generator having an armature and a field; a:sec-
ond generator having an armature and a field,
electrical means for energizing the felds, first
circuit means including a first relay for connect-

ing the armature of the motor 111 circuit relation

with the armature of the first generator, second

- circuit means including a second relay for COXi-

-30
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generators, first eircuit means for cenneetmg the  ~

armature of the motor in cireuit retation with the
armature of the low voltage generator, second
cireuit means for connecting the- armature cf ‘the
motor ih circuit relatlon with the armature of the

N noimal voltage generator, selective control means_'
for selectively operatmg the first and Second civ-

cuit means, commoh means for opérating the

variable remfstance means and tha selemwe con-
trol means, and protectw

means respensive to

50

the voltage difference of the ﬂenerators for 'r..,lso

operating the selective cantrol means.

2. In a control system for a ¢loth prmtm;? ma-

" chine having a printing cylmder and rolls; the

- combination of a moter for drwmg the prmtmg

cylmder and rolls, a normal voltage generauor,
a low voltage generator said motor and said gen-

erators having an armature and a field, electn-—

cal means for energzzmﬂ' the said fields, ﬂrst Cir-
cuit means for connectmg uhe almature oi the

motor in circuit relation with the mmature of

the low voltage ffenerator, second circuit memns
for connecting the armature of the moior in cir-

cuit relation with the armature of the normal.

voltage generator, selective control means for se-

lectively Gperatmg the first and second mrcmt'

means, a motoi operated rheostat for varying the
field excitation of the normal and low voltage
| genelators said motor onerated rheost&t also
~having electl ical contact means for operatmg the

60

'electrmal means ior enmg;zmb the fields,

nectmg the armature of the motor in circuiv rela-
tion with the armature oi the second generator,

-a motor operated rheostat for varying the field

excitation of the generators, the generated volt-
ace 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 to-the
jower *”“Ol‘tlc}n of the voltage range of the second
genemtor a, ﬁlst selﬂcuv cireuit for operating

the ﬁrst relay to connect th arma*ure ci the mo-
- tor in circuit relatmn with the Hrst ﬂ'enerator &

seco;ld selective circuit for cperating: the semnd
ﬂlay to connect the armature of the motor in cir-
cuit rela tion with the uecond generator, saad mo-
tor operat ted rheostat havmg electrical contact
means for sequentially governing the operation of
the first and second aE‘JIECthE circuits, and dlffer
ential wIay means responsive to the c’1 Terence
betwemn thhe voltages of the gene‘"ator for also
gwernmg the operation of the first and second
selective c1rcmts when the voltage differential be-
tween tnp two generators is at a low value: -

5. In a cmntrol system; the cembmatwn ef a -
motor having an armature and a field, a first
generator having an armature and a field, a sec-
ond generator having an armmme and 4 ﬁeld

first
mrcmt means mcludmg a frst 1*@1&3? for cc}imcct--

ing the armature of the motm in circuit relation
with the almature of me first generator, second
circuit means mcludmcr . second rﬂlav for con-

necting the armature of the motor in circuit re-

T

than the generated Volta,ge range ol

_latlon ‘with the armature of the second gener
ator, a motor -operated rheastat for varying -the

field excitation of the generators, the gcnerated
voltage range of the first n'eneratm bemg fower
he 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-

era,tmg the first relay to cannect the armature of
the metor in circuit relatmn wuh the ﬁrst ger -

érator, a second selectwe circuit for crpemtmﬂ

the 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
sald 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 Jdiffer-
ence between the voltages of the generator for
also 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 a
motor having an armature and a field, g first
generator having an armature ang a field, a sec-
~ond generator having an armature and a field,

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
being lower than the generated

said generators

&1

10

20

S
voltage range of the other sald generator, selec-
tive fransition means for connecting the armsa-
ture of the motor to either one of the armatures
of the generators, means for causing the transi-
tlon means to operate when the differential be-
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 3 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 cirecuit relation with the
generators, and means for causing the transition
means to operate when the voltage differential
between the generatorsis at a low value.

ROSCOE H, SMITH.
LILLOYD E. MILLER.
LEON M. DUNNING.
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