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My invention relates, generally, to electric
drives and control systems for rolling mills and,
more particularly, to an electric drive and con-

. trol system for a single stand reversible strip
¢ mill having a reel on each side of the main roll
stand.

The present invention is an improvement of
the infvention disclosed in Patent No. 2,084,035,
issued June 15, 1937, to A..F. Kenyon and W. G.

10 Cook. In the system described in the aforesaid
patent, a booster generator, of approximately
half the voltage rating of the main generator
and reel motors, is connected in serles with the
reel motor that is operating as a braking gen-

‘15 erator on the unwinding reel to permit the un-
winding reel to run at the slower speed than
the winding reel necessitated by the reduction
in the strip thickness during the passage through
the mill rolls. The booster generator must be

20 of the same ampere capacity and apbroximately
half the voltage rating as the reel motors and,
therefore, of relatively large size. '

An object of my invention is tc provide for

reducing the voltage rating and the size of the -

25 booster generator in a reversible rolling mill
drive. . :

Another object of my invention is to. provide
an electric drive for a rolling mill which is in-

- - herently suitable for making predetermined re-

30 ductions in the thickness of the-material during
each pass through the mill.

A more general object of my invention is to
provide an electric drive for a rolling mill which
shall be simple and efficient in operation and

35 which may be economically manufactured and
installed.

Other objects of my invention will be explained
fully hereinafter or will be apparent to those
skilled in the art. - :

40 In practicing my invention, the reel motors
of a reversible rolling mill are made double or
triple armature, depending upon whether it is
.desired to make reductions up to approximately
50% or 33%% in the thickness of the strip dur-

45 ing each pass. 'When the reel motors are-pro-

’ vided with two armatures, they may be so con-
nected that both armatures are in series on the
low speed unwinding reel, and only one arma-
ture is utilized on the higher speed winding reel,

50 thus establishing conditions to make reductions
up to 50%. Likewise, when triple armature reel
motors are utilized, they are so connected that
“the three armatiifes are in series when operat-

ing on the unwinding reel and two armatures .
55 are connected in series, and the third not used,

(CL 80-—-32)

on the winding reel, thus establishing conditions
to make reductions up to 33%%. In this man-
ner, the booster generator may be of a low volt- -
age rating, as it is only utilized for RI drop .
compensation, and for inching and stalled ten-
sion during the starting operations.

For a fuller understanding of the nature and
objects of the invention, reference may be had
to the following detailed description, taken in
conjunction with the accompanying drawings, in 10
which: :

Figure 1 is a diagramma{:ic view of one em-
bodiment of my invention wherein double arma- -
ture reel motors are utilized; and,

Fig. 2 is also a diagrammatic view of a modi- 15
fication of my invention in which the reel mo-

" tors are provided with three armatures.

Referring now the drawings, and particularly
to Fig. 1, the rolling mill shown therein com-
prises a roll stand 16 and right and left reels if 20
and 12, respectively, for handling a strip of ma-
terial 13 while it is being worked by the rolls
(0. The roll stand 10 may be driven by & suit-.
able direct current motor 14 having a fleld wind-
ing I5. Likewise, the reels If and 12 may be 25
driven or braked by dynamo-electric machines
16 and 11, respectively, which will be described
more fully hereinafter. The power for operating
the mill motor {4 and the dynamo-electric ma-
chines 16 and 17 is supplied by & direct current 30
generator 18 having a field winding 18. The
current for exciting the field windings of the
generator 18, the motor {4 and the dynamo-
electric ‘machines {6 and 17, as well as for op-
erating the control equipment, may be supplied 33
by an exciter 20 or any other suitable power
source. The generator I8, the exciter 20, and
the booster generator 2{, described later, may
be driven by a synchronous metor (not shown)
or by any other suitable means. : 40

As explained hereinbefore, it 1s desirable to
provide a booster gemerator 21 to operate in .
series with whichever of the reel motors is func-

“tioning as a braking generator on the unwinding

reel to permit the unwinding reel to operate at 45
a slower speed than the windng reel. In order
to reduce the voltage rating and the size of the’
booster generator 21, as well as the size of the

. machines which drive the reels, the dynamo-

electric machines 16 and {71 are each provided 50
with a plurality of armature windings.

As shown in Fig. 1, the machine 16 has two ar-
mature windings 22 and 23 and two fleld windings
24 and 25. Likewise, the machine 7 has two ar-
mature windings 26 and 21 and two field windings 5§



2
28 and 29. The armature windings for each ma- -
chine are mounted on the same shaft. However,
if desired, the machines may be provided with
individual shafts which may be coupled together.

5 When the reel {1 is operating as the unwind-
ing reel the armatures 22 and 23 are connected
in series-circuit relation and in series with the
booster generator 21 across the main generator
18. The armature 27, which drives the winding
reel 12 is connected directly across the gener-
ator 18, and the armature 26 is not used. If
desired, the armatures 26 and 27 may be con-
nected in parallél-circuit relation across the
generator 18 to increase the torque on the wind-
ing reel. Likewise, when the reel {{ is the wind-
ing reel and the reel i2 the unwinding reel, the
armatures 26 and 2T are connected in series-
circuit relation and in series with the booster

21 across the generator 18 while the armature °

23, or armatures 22 and 23 in parallel, is con-

nected directly across the generator 18.

In this manner, the machines which operate
the reels are so connected that the mill is in-
herently suitable for making a reduction of 50%
in the thickness of the strip at each pass through
the reducing rolls {0 since the unwinding reel
can operate at half the speed of the winding
reel and the dynamo-electric machines on the

- unwinding reel still develop sufficient voltage to.

30 regenerate current into the power system, since
the armatures of these machines are connected
in serles.

. 'Therefore, the booster generator is required
only for RI drop compensation and for inching
and stalled tension. Hence it can be of a low
voltage rating and kilowatt capacity. As will be
explained ‘more fully hereinafter, the booster
generator 2f may be utilized for certain of the
inching and stalled tension operations . .required

40 when the strip is being threaded through the mill..

The booster generator 2} is provided with a
field winding 31 which is energized from the ex-
citer 20 through a variable resistor 32. Reversing
switches 33 and 34 are provided for controlling

45 the polarity of the booster generatc_)r. A revers-
‘ing switch 36 of the drum type is provided for
_reversing the polarity of the main generator 18
"to control the direction of operation of the mill.
The excitation of the generator fleld {9 and,

50 therefore, the voltage of the gencrator may be
controlled by a variable resistor 36.

Dynamic braking. resistors 37, 38 and 39 are
provided for stopping the mill motor i4 and the

- reel motors 16 and 11, respectively, in a well
55 known manner. A plurality of electrically oper-

ated switches or contactors 41 to 46 inclusive, are

provided for establishing the proper motor and
generator connections during the operation of the

mill; The operation of the foregoing contactors
g0 may be controlled by a drum switch 48. The

usual.inching and stalled tension operations for’

~threading the strip 18 through the mill stand

-may: be controlled by push- button switches 417,

51,:52-and 53.

65 . In order ‘to hold, the strip tension at a pre- :

v;;-idetermined amount, the excitation of the field

- -*windings of the reel motors is governed by cur--

.rent regulators 54 and 55, which may be of any
- “suitable type, as, for example, the well known
- 70 vibrating regulator. The actuating. coils of the

‘regulators ‘54 and ‘55 are energized from shunts

56 and 57, respectively, in accordance with the

load currenfs-of the reel motors or generators,

thereby holding theése currents and, therefore,
75 the strip tension within predetermined limits.

10

15

20

25

-85

- citer 20 for the excitation of the machines uti-

mill.

energizing circuit for the actuating coil of the

-which may be traced from the positive terminal
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In order that the functioning of the foregoing
apparatus may be more clearly understood, the
operation of the system will now be described in
more detail. o

It may be assumed that the main generator 18, 5
the exciter 20, and the booster generator 21 are -
operating -at the required speed. It is also as-
sumed that a variable resistor 58 has been ad-
justed to provide the proper voltage on the ex-

10
lized during the operation of the mill. It is fur-
ther ussumed that a coil of strip material to be
rolled has been placed on the reel Il driven by
the dynamo-electric machine 16. Therefore, the .
first pass through the mill will be from right to
left, as viewed in Fig. 1. Accordingly, the drum
switch 35 is actuated to the left to provide the
proper polarity of the main generator 18 for:
rolling the strip from right to left. Furthermore,
the variable resistor 36 should be adjusted to
provide a reduced voltage on the main generator
18 during the inching operations which are re-
quired for threading the strlp 13 through the

15

20

The reel | i may be inched to permit the end 25
of the strip 18 to be advanced to the rolls 10

by closing the push-button switch 51, thereby

closing the contactors 44 and 46 and the field

reversing switch 34 to cause the main gener-

ator 18 and the booster generator 21 to supply

power for driving the reel 11 in the desired direc-

tion. The energizing circuit for the actuating
coil of the contactor 44 may be traced from the
positive terminal of the exciter 20 through con-
ductor 61, the actuating coil of the switch. 44,
conductor 62, contact members 63 of the push-
button switch 51, conductor 64 and conductor
65 to the negative terminal of the exciter 20.
The energizing circuit for the actuating coil of
the switch 46 extends from the previously ener-
gized conductor 61 through conductor 96, the coil
of the switch 46, conductors 97 and 67, contact
members 68 of the.push-button switch 51, and
conductor 54 to the negative conductor 65. The

30

35

40

45
reversing switch 384 extends from the positive

“conductor 61 through conductor 69, the coil of

the switch 34, conductors 71 and 72, contact
members 13 on the switch §1 and conductor 64 to
the negsative conductor 65.

The closing of the fleld reversing sw1tch 34
connects the fleld winding 31 of the booster gen-
erator 21 across the exciter 20 through a circuit
55
of the exciter through conductors 61 and 14, the
adjustable rheostat 32, contact members 15 of
the reversing switch 34, conductor 16, the fleld
winding 31, a conductor 171, contact members 18
and conductor 19 to the negative conductor 65. = ¢o

‘Therefore, the field winding 31 of the booster
generator is energized to provide the proper po- -
larity -of the booster generator 21 to assist the
generator 18 in driving the armatures 22 and 23
of the dynamo-electric machine {6 in the direc-
tion for unwinding the strip 13 from the reel 11.
The circuit for the armature windings 22 and 23
is established by the closing of the contactors 44
and 46 and may be traced from one terminal of
the main generator 18 through conductor 01, 70
the booster, generator 21 through conductor 81,
the contact members 86 of the switch 44, con- -
ductor 85, the armature winding 22, conductor
84, the armature winding 23, conductor 35, the

65

shunt 56, conductor 104, the switch 46 and con- 75
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ductor 108 to the other terminal of the gener-
ator 18.

At this time, the fleld windings 24 and 25 of
te dynamo-electric machine 16 are energized by
the exciter 20 through a circuit which extends
from the positive conductor 61 through the fleld

‘winding 25, conductor 88, the field winding 24,

conductor 89, a variable resistor §1 and the con-

ductor 65 to the negative terminal of the ex-.

citer 20. At this time the rheostat 32 should be
adjusted to cause the booster 21 to generate a
relatively low voltage since the booster voltage
is added to the main generator voltage, which is
below normal.

‘When it is desired to thread the strip 13 through
the rolls {0, the mill motor 14 may be inched by

- closing the push-button switch 52 to operate the

contactors 41 and 46. The energizing circuit for
the actuating coil of the contactor 41 may be
traced from the positive conductor 61 through
conductor 92, the coil of the switch &1, conductor
93, contact members 94 of the push-button switch
52 and conductor 95 to the negative conductor 5.
The energizing circuit for the actuating coil of
the switch 48 extends from the positive conductor
61 through conductor 96, the actuating coil of
the switch 46, conductor 97, contact members 88
and conductor 95 to the negative conductor 68.
The closing of the switches 41 and 48 connects
the armature winding of the mill motor 4 across
the main generator (8 to drive the rolis {0, How-
ever, in view of the reduced voltage of the gen-

, erator 18, the rolls are driven at a relatively slow
- speed. The energizing circuit for the armature

35

40

" vanced to the winding reel 2,

70

75

winding {4 may be traced from the one terminal
of the main generator 18.through conductors 191
and 8/ to the armature of the mill motor 4, con-
ductor 102, the contact members 183 of the switch
41, conductor 104, the switch 46 and conductor
105 to the other terminal of the generator (8.
The fleld winding 15 of the mill motor (4 is con-
nected across the exciter 20 through a circuit
which extends from the positive terminal of the
exciter 20 through conductor 6{, the flield winding
i5 and conductor 6% to the negative terminal of
the exciter 20.

By inching the mill motor {4in the manner just
described, the end of the strip 13 may be ad-
If it is necessary
to rotate the reel 12 in order that the strip may
be properly clamped in the reel in the usual man-
ner, the left reel motor may be inched by closing
the push-button switch 83 to operate the switches
42 and 46, thereby connecting the armature wind-
ing 27 across the main generator I8, The ener-
gizing circuit for the switch 42 may be traced from
the positive conductor i through conductor 06,
the actuating coil of the switch 42, conductor 107,
contact members 108 of the push-button switch
53 and ¢onductor 109 to the negative conductor
65, The energizing circuit for the switch 46 ex-
tends from the previously energized conductor 96
through the actuating coil of the switch 4§, con-
ductor 981, contact members (108, and the con-
ductor {08 to the negative conductor €8.

The closing of the switches 42 and 468 energizes
the armature winding 27 of the dynamo-electric
machine {7 through a circuit which extends from
the one terminal of the main generator 8 through
conductors 101, 81 and 82, contact members i of
the switch 42, conductor {12, the armature wind-

ing 21, conductor {13, the shunt §7, conductor.
i04, the switch 46 and conductor {88 to the other

terminal of the generator (8. At this time, the
field winding 29 of the dynamo-electric machine

3

17 is energized through a circuit . which extends
from the positive conductor 61 through conductor
{4, the fleld winding 29, conductor {15, contact
members (16 of the switch 42, conductor 17, a

variable resistor {18 and conductor ({9 to the’

negative conductor 65.
As soon as the end of the strip has been en-

tered into the mill, the stalled tension push- -

button 4T may be actuated to close the contactors
£4 and 46 and the reversing switch 33, thereby re-
versing the polarity of the booster 2 and causing
the right reel motor {6 to rotate in a direction to
take up the slack in the strip and then stall. The
rheostat 32 is adjusted to raise the voltage of the

‘booster to a higher value than the main gen-

16

15

erator in order to reverse the current in the reel -

motor |6.

After the strip 43 is clamped in the reel 12, the
rolling operation may be performed. As explained
hereinbefore, the dynamo-electric machine {7
functions as a motor to wind the strip 13 on the
reel 12 and the machine {8 functions as a braking
generator to apply tension on the strip 13 during
the rolling operation. Furthermore, the arma-
ture windings 22 and 23 of the dynamo-electric
machine I8 are connected in series-circuit rela-
tion in order that the reel { | may operate at one-
half the speed of the reel {2 and the machines 16
still generate sufficient voltage to cause current
to be returned to the power system. In this man-
ner, the booster generator 21 which is connected
in the circuit with the armatures 22 and 23 is
required only for RI drop compensation as the
strip is transferred from one reel to the other dur-
ing a rolling operation in which .a reduction of
approximately 50% in the thickness of the strip
is obtained for each pass through the rolls (0.

The operation of the mill at this time is con-
trolled by .the drum switch 48 which is actuated
toward the left, as indicated on the drawings,
when the strip is being rolled from the right to
the left, At this time, the contactors 41, 42, 44
and 48 and the booster fleld reversing switch 33

20

25

30

35

40

are closed to establish the necessary connections -

for the operation of the mill. The energizing cir-
cuit for the actuating coil of the contactor 41
may be traced from the positive conductor 61
through conductor 92, the actuating coil of the
contactor 4, conductor 93, contact segment 12
of the switch 48, conductor §22 and conductor
123 to the negative conductor 65. The energizing
circuit for the contactor 42 extends from the posi-

45

50

tive conductor 6f through conductor 106, the ac- -

tuating coil of the switch 42, conductor 101, con-
tact segment 124, and conductors 122 and 123 to
the negative conductor 65. The energizing cir-

- cuit for the contactor 44 extends from the posi-

tive conductor 61 through the actuating coil of
the switch 44, conductor 62, contact segment 125,

conductors (26 and {23 to the negative conductor.

§8. The energizing circuit for the switch 46 may
be traced from the positive conductor 61 through
conductor 98, the actuating coil of the switch 46,
conductor 97, contact segment i27 and conductor

- 123 to the negative conductor 85. The actuating
coil of the reversing switch 33 is energized through "
& circuit which extends from a positive conductor’

8( through conductor 69, the coil of the switch
33, conductor (28, contact segment 129 and con-

ductors (26 and (23 to the negative conductor 68.

The closing of the switch 33 energizes the field
winding 3f to.cause the hooster generator 2 to
generate a poténtial which is added to that pro-
duced by the dynamo-electric machine I6 which
is connected across the main generator 18 and

55

6o

65

70
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" ing operation, as explained hereinbefore. “The
energizing circuit for the field winding 31 may be
traced from the positive conductor 61 through

5 conductor T4, the resistor 32, conductor 131, con-
tact members 132 of the switch 83, conductor 11,
the field winding 31, conductor 76, contact mem-
bers 133, conductor 134, and conductor 19 to the
-negative conductor 65.

10
main generator I8
be traced from one

~the mill motor {4 across th
through a circuit which ma

terminal of the generator 18 through conductors

10t and 81, the armature winding (4, conductor
102, the contact members 103 of the switch #1,
conductor 104, the switch 46, and conductor 10§
to the other terminal of the generator 18. At
this time, the resistor 36 should be adjustéd to
raise the generator voltage 18 to its normal
‘value, thereby maintaining normal speed of the
mill motor (4 during the rolling operation.

The closing of the contactor 42 connects the
armature winding 27 of the dynamo-electric ma-
chine 71 across the main generator 18 to oper-
ate the reel {2 to wind the strip {8 on the reel.
Since the energizing circuit for the armature 27,

20

established by the closing of the switch 42, has -

" been previously traced, it will not be retr'aced at
this time.

The closing of the switch 44 connects the
‘armature windings 22 and 23 in series-circuit re-
lation and in series with the booster generator
21 across the main generator 18, thereby causing
the dynamo-electric machine 16 to function as a
braking generator. The circuit through the

armatures 22 and 23 may be traced from the one
terminal of the armature 22 through conductor -

85, the contact members 86 on the switch 44, con-
ductor 87, the booster generator 21, conductor
40 101, the main generator 18, conductor 108, the
switch 46, conductor {04, the shunt 88, conduc-
tor 135, the armature 23 and conductor 84 to the
other terminal of the armature 22.
] As explained hereinbefore, the regulators 54
48 and 55 control the fleld excitation of the dyna-
mo-electric machines 16 and 17 during the rolling
operation to maintain the motor current within
predetermined limits, thereby regulating the
tension on the strip 13. As shown, the actuating
60 coil of the regulator 54 is connected across the

shunt 56 and it, therefore, responds to the cur--

rent flowing through the armatures 22 and 23.
The contact members of the regulator are dis-
posed to shunt the resistor 91 from the field ex-

BB citation circuit of these machines when in the

position shown in the drawing, thereby providing
maximum excitation on the machines and caus-
ing them to generate maximum current. The
. shunt circuit around the resistor 91 extends from
86 the terminal of the resistor 91 through conduc-
tor 136, contact. members {37 and 138 of the
regulator 54, conductor 139, contact segment 144
of the drum switch 48 and conductors §42 and
123 to the negative conductor 65. - When the cur-
86 rent in the shunt 56 exceeds a predetermined
value, the actuating coil of the regulator opens
" the contact members 13T and 138, thereby insert-
ing the resistor 91 in the field winding circuit and
reducing the excitation on the machines to re-
70 duce the generated current.

Likewise, the regulator 5% functions to con-
trol the current flowing through the armature
21, thereby controlling the tension applied to the
strip 13 by the motor {1. When the regulator 86

75 is in the position shown in the drawings, the re-

functions’ Qs a braking generator during the roll-

The closing of the switches 41 and 45 connects -

 the main generator (8 and also to apply dynamic

2 223,728

sistor 118 is connected in the excltation c1rcu1t
for the field winding 28 of the motor 11, thereby
providing minimum excitation and maximum
speed of the motor. If the current drawn by the
motor flowing through the shunt 57 exceeds a §
predetermined value, the -actuating coil of the
regulator §5 closes contact members (43 and 144
of the regulator to shunt.the resistor {18 from
the field winding circuit, thereby increasing the
excitation on the motor and decreasing its speed

. which, in turn, decreases the tension applied to

the strip 13. The shunt circuit for the. resistor
1 18 extends from the conductor 147 through con-
ductor 145, thé contact members 143 and 144 of
the regulator 55, conductor 146, contact segment
147, and conductors 148 and (23 to the negative
conductor 65.  In this manner, a tension on the .
strip 13 is maintained within predetermined lim-
its during the rolling operation.

When it is desired to stop the mill at the end
of the pass, the main control switch 48 may be
actuated to the off position thereby deenergizing
the switches &1, 42, 44 and 46 to disconnect the
machines 16 and (71 and the mill motor 14 from

braking to the mill motor 14 and the machines 16
and 11. At this time, the switch 35 may also be
actuated to the off position to remove the excita-
tion from the maln generator 8.

The dynamic braking circuit for the mill motor -
{4 may be traced from one terminal of the arma-
ture 14 through conductor 81, the dynamic brak-
ing resistor 31, contact members 151 of the switch
41 and conductor (02 to the. other terminal of

10

15

the armature 1§, The dynamic braking circuit 3%

for the dynamo-electric machine T may be

traced from one terminal of the armature 27
through conductor {i2, the armature 26, con-
ductor 1582, the dynamic braking resistor 39, con-
tact members 153 of the switch 42, conductor {54,
contact members 185 of the switch 43, and con- °

"~ ductor 118 to the other terminal of the arma- -

ture 21. 'The dynamic braking circuit for -the
dynamo-e€lectric machine 16 may be traced from
one terminal of the armature 22 through con-
ductor 85, the dynamic braking resistor 38, con-
tact members 156 of the switch 45, conductor 157,
contact members {58 of the switch 44, conductor
135, the armature winding 23 and conductor 84
to the other terminal of the armature 22.
Assuming that the mill has been stopped before .
the end of the strip (3 has left the reel If, the
mill may be reversed to x )11 from left to \right' by
simply actuating the switch 35 toward the right
to reverse the polarity of the main generator 18,
thereby reversing the direction of operation of
the mill motor (4 and the reel motors 16 and 17,
and also actuating the switch 48 toward the right
to energize the actuating coils of the switches 41,
‘43, 45, 46 and the reversing switch 34 to establish
the proper connections for rolling from left to
right. The energizing circuit for the switch &1
may be traced from the positive conductor 61
through conductor 92, the actuating coil of the-
switch 41, conductor 93, a contact segment {61 on
the switch 48 and conductors 122 and 123 to the
negative conductor 65. The energizing. circuit
for the switch 43 may be traced from the positive
conductor 61 through conductor 162, the actuat-
ing coil of the switch 43, conductor (63, contact
segment 164 and conductors (656 and-123 to the
negative conductor 65. The energizing circuit
for the switch 45 extends from:the positive con-
ductor 61 through conductor 66, the: actuating
coil of the switch 45, conductor 166, contact seg- 78

65

65

40

45

60

|

3
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. ment 167, and conductors 168 and 123 to the

10

negative conductor 65. The energizing circuit for
the switch 46 may be traced from the positive
conductor 61 through conductor 96, the actuating
coil of the switch 46, conductor 87, contact seg-
ment 169, and conductor 123 to the negative con-
ductor 65. The energizing circuit for the re-
versing switch 34 extends from the positive con-

ductor 6§ through conductor 69, the actuating

coil of the switch 34, conductors 7! and 12, con-
tact segment 171 and conductors 185 and 123 to
the negative conductor 65.

The closing of the switches 41 and 48 connects

"-the mill motor {4 across the generator {8 in the

15

20

25

30

manner described hereinbefore to operate the
rolls 10. The closing of the switch 45 connects
the armature winding 23 across the generator {8
to drive the reel §{, which now becomes the wind-
ing reel. The circuit for the armature winding
23 may be traced from one terminal of the gener-
ator 18 through condyctors {81, 81, and 82, con-
tact members {12 of the switch 45, conductors
{13 and 84, the armature winding 23, conductor
135, the shunt 56, conductor 194, the switch 46
and conductor 135 to the other terminal of the
generator 18. At this time, the field winding 25

is energized through a circuit which extends from-

the positive conductor 61 through the field wind-
ing 25, conductor 88, contact members (14 of the
switch 45, conductor 8% and the resistor 91 to the
negative conductor 65.

Since the reel 12 now becomes the unwinding

- reel, the armatures 26 and 27 of the dynamo-

35

40

45

50

55

60

65

70

7%

electric machine 17 are connected in series-cir-
cuit relation in order that the machine 17 will
function as a braking generator in the manner
hereinbefore described to apply a tension on the
strip 13. The circuit through the armature
windings 26 and 27 may be traced from one ter-
minal of the armature 26 through conductor 152,
contact members 175 of the switch 43, conductor
87, the booster generator 21, conductor 101, the
generator 18, conductor 105, the switch 46, the
shunt 57, conductor (13, the armature winding
27 and conductor {12 to the other terminal of the
armature winding 26.

The regulators 54 and 535 functwn to control
the motor current during the rolling operation in
the manner hereinbefore described. The contact
members 143 and 176 of the regulator 55, which
is now ‘controlling the dynamo-electric machine
iT which is now functioning as a generator, es-

tablish a shunt circuit for the resistor 118,

thereby increasing the generated current until it
reaches a value which causes the actuating coil of
the regulator 55 to open contact members {43
and 176. The shunting circuit for the resistor
118 may be traced from a conductor 117 through
conductor 145, contact members 143 and (16,

conductor 171, contact segment 178 and con-.

ductors 148 and 123 to the negative conductor 65.

‘When the current through the armature wind-
ing 23 of the reel motor 16 is sufficient to cause
the regulator 54 to close its contact members 137
and 179, a shunting circuit is established for the
resistor 91 to increase the excitation of the motor
23, thereby reducing its speed and decreasing the
tension applied to the strip 13 in the manner pre-
viously described. The shunting circuit for the
resistor 91 may be traced from the conductor 89
through conductor 136, contact members 137 and
119, conductor 181, contact segment 182, and con-

-ductors 142 and 123 tothe negative conductor 65.

The mill may be stopped at the end of the pass
by actuating the switch 48 to the off position to

-in Fig. 1.

5

apply dynamic braking to the motors in the
manner hereinbefore described. If it is desired

to reverse the mill in order to perform another

rolling operation upon the strip of material, i3,
the switches 35 and 48 are actuated toward the
left. If the strip has been reduced to the de-

"sired thickness, the reel confaining the strip may

be removed and another reel placed on the shaft
driven by the motors {6 and the new sfrip
threaded through the mill in the manner herein-
before «described, after which the roiling opera-

‘tion is performed as previously explained.

The modification of the invention shown in Fig.
2 is similar to the structure shown in Fig. 1, with
the exception that the dyname-electric machines
16 and {7 are egch#rovided with three armature
windings instead of two, as in the system shown
During the rolling operation, two of
the armature windings on the winding reel are
connected in series and all three of the armature
windings on the unwinding reel are connected in
series, thereby establishing conditions to make
reductions up to 33% % in the thickness of the
strip {3 during each pass through the mill instead
of 50% as in the system shown in Fig, 1, in which
double armatures are used. In the system shown
in PFig. 2, the elements of apparatus which are
similar in structure and perform the same func-
tions as in the system shown in Fig. 1 are desig-
nated by the same reference characters. There-
fore, it is believed to be Unnecessary to repeat the
description of this apparatus at this time.

In addition to the swtiich 41 which connects
the mill motor {4 across the generator 18 as here~
inbefore described, switches 183, 185, {87, (88,
189 and 190 are provided for.establishing the
proper connections for the machines during the
operation of the mill. The dynamo-electric ma-
chine 16 is provided with armature windings {91,
192, and 193 and field windings 194, {95 and 198.

" Likewise, the dynamo-electric machine {7 is pro-

vided with armature windings 191, 198 and 198
and field windings 201, 202 and 203.

In addition to the push-button switches 5!
52 and 53, which may be utilized to control the
inching operations, the push-button switch 47
may be utilized to provide a stalled tension con-
dition of the unwinding reel {1 when the mill
is being put into operation. The current for op-
erating the reel motor 18 is supplied by the boost-
er generator 21 during the stalled tension -condi-
tion. . The current for inching ‘the reel motors
16 and 117 is also supplied by the booster genera-
tor 21.

Assuming that the reel containing the strip of
material 13 which is to be rolled by the rolls 10
has been placed.on the shaft driven by the motors
i6 and that the generator 18, the exciter 20 and
the booster generator 21 are being driven at the

" proper speed, it is first necessary to actuate the
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switch 35 toward the left to provide the proper .

polarity of the generator (8 for rolling from
right to left. Purthermore, the voltage of the
generator 18 should be set at a relatively low
value by means of the resistor 36 during the inch-
ing operations, after which the voltage should be
raised to the normal value to perform the rolling
operations.

The reel 1§ may be inched to advance the strip .

13 to' the rolls 10 by closing the push-button
switch 5f which energizes the contactor 198 and

the reversing switch 34 for the booster field 31i.

‘The energizing circuit for the switch 190 may
be traced from the positive conductor 61 through
conductor 205, the actuating coil of the switch
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190, conductor 206, contact members 207 of the
switch 51 and conductor 208 te the negative con-
ductor 65. The energizing circuit for the switch
34 may be traced from the positive conductor 61
to conductor 209, the actuating coil of the switch
34, conductor 211 and contact members 212 of'the
switch 51 to the negative conductor 65.

The closing of the switch 34 connects the ﬂe]d
winding 31 of the booster generator across the
exciter 20, thereby providing excitation for the
booster generator. The energizing. circuit for
the field winding 3! may be traced from the posi-
tive conductor 61 through conductors 2i3 and
214, contact members 215 of the switch 34, the
field winding 31, contact members 216, conductor
211, the resistor 32 and conductor 218 to the nega-

tive conductor 5. The closing of the switch {50

connects the motor (6 across the booster genera-
tor 21 through a circuit which may be traced

from one terminal of the booster generator

through conductor 22{, contact members 222 of

the switch 190, conductor 223, the armature wind-

ing 183, conductor 228 to the armature winding
192, conductor 225, the armature winding (9{,
conductor 229, the shunt 56, conductors 226 and
221 to the other terminal of the booster genera-
tor 2i.

At this time, the field windings for the ma-
chine {6 are connected across the exciter 28
through a circuit which may be traced from the
positive conductor 6i through the resistor 84,
conductor 228, fleld winding (84, conductor 223,
fleld winding (988, conductor 231, the fleld wind-
ing 196 and conductor 232 to the negative con-
ductor 65. Therefore, the machine {8 will op-
erate the reel i to advance the strip {2 toward

-the rolls {0.

When it is desired to thread the strip

inched by closing the push-button switch §2,
thereby energizing the actuating coil of the switch
41 and causing this switch to connect the mill
motor across the main generator 8. The ener-
gizing circuit for the switch 41 may be traced
from the positive conductor §1 through conductor
233, the actuating coil of the switch 4f, conduc-
tor 234, the push-button switch 52, and conduc-
tor 208 to the negative conductor 65

The closing of the switch &{ connects the mill
motor 14 across the generator {8 through & cir-
cuit which may be traced from one terminal of
the generator {8 through conductor 238, the arm-

ature of the mill motor {4, conductor 236, con-

tact member {63 of the switch 44, and conductors
237 and 238 to the other termmal of the genera-
tor i8.

At this time, tension may be applied to the

~ strip 13 by closing the push-button switch 47 to
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energize the switches (96 and 33, thereby con-
necting the reel motor {8 across the booster gen-
erator 2} and reversing the polarity of the booster
to reverse the direction of operation of the reel
{{. The energizing circuit for the switch 98
extends from the positive conductor 81 through
conductor 285, the actusting coil of the swiich
{80, conductor 286, the contact members 244 of
the push-button switch 47 and conductor 242 to
the negative conductor 65. The energizing cir~
cuit for the reversing switch 33 may be traced
from the positive conductor §f through conduc-
tor 208, the actuating coil of the switch 88, con-
ductor 243, contact members 248 and conductor
242 to the negative conductor 88. Closing the
switch 188 connects the motor {6 across the
booster generator 2/ through a circuit previously
traced. Therefore, the motor will operate {o take

13
through the rolls 18, the mill motor {4 may be

2,228,728

up the slack in the st;np 13 after whlch it w1ll
stall.

In ¢ase it i is necessary to rota.te the reel 12 into
the proper position before attaching the end of
the strip 12 to the reel, it may be inched by clos-
ing the push-button switch 53 to energize the
switch 189 and the switch 34 to energize the field
winding of the booster 21. The energizing cir-
cuit for the. switch 189 may be traced from the
positive conductor 61 through conductor 245, the

actuating coil of the switch 189, contact members .

246 of the push-button switch 53 and conductor
241 to the negative conductor 65. The energiz-
ing circuit for the switch 34 extends from the
positive conductor 61 through conductor 208, the
actuating coil of the switch 34, conductors 211 and
24y, the contact members 249 of the switch 53
and conductor 247 to the negative conductor 65.
The closing of the switch 34 energizes the fleld
winding 3! through a circuit previously traced.

20

The closing of the switch 189 connects the motor -
IT across the booster generator 21 through a cir- °

cuit which may be traced from one terminal of

the booster generator through conductors 221 and

264, the shunt 57, conductor 252, the armature
wmdmg 87, conductor 253, and armature wind-
ing £988, conductor 254, the armature winding
199, conductor 255, contact members 256 of the
switch 188, and conductors 257 and 227 to the
other terminal of the booster generator 21.

After the strip 13 is attached to the reel 2, th:
rolling operation my be performed by actuating
the main control drum 48 to the left to energize
the actuating coils for the switches 41, {83 and
{81, thereby connecting the armatures 187 and
998 of the dynamo-electric machine {7 across the

25

main generator {8 to drive the winding reel 12

and also connecting the three armatures of the
dynmo-electric machine 16 in series-circuit rela-
tion and in series with the booster generator 21
across the main generator I8 to function as brak-
ing generator for the reel 1i. The energizing cir-
cuit for the switch 41 extends from the positive
conductor 8{ through conductor 233, the actu-

‘ating coil of the switch 4§, conductor 234, a con-

tact segment 258, on the switch 48, and con-
ductor 259 to the negative conductor 65. The en-
ergizing circuit for the switch {83 -extends from
the positive conductor 61 through conductor 245,
the actuating coil of the switch (83, conductor
261, the contact segment 262 and conductor 259 to
the negative conductor 65. The energizing circuit

40
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for the switch 187 may be traced from the posi- .

tive. conductor §i through conductor 263, the
actuating coil of the switch 187, conductor 264,
a contact segment 288, and conductor 266 to the
negative conductor 65.

The closxng of the switch 4f connects the mill
motor (£ across the main generator {8 through
a circuit previously traced. The closing of the
switch 183 connects the armatures 197 and 198
of the dynamo-electric machine {7 in’ series-cir-
cuit relation and across the generator {8 through
a circuit which may be traced from one terminal
of the generator through conductors 235, 267 and
268, contact members 268 of the switch 183, con-
ductors 274 and 254, the armature winding 188,
conductor 283, the armature windmg {81, con-
ductor 252, the shunt 51, conductor 272, contact

members 273 of the switch 183, conductors- 274

and 238 to the cther terminal of the generator 8.

The closing of the switch {87 connects the ar-
mature windings (8§, {92 and {93 of the dynamo-
electric machine 16 in series-circuit relation and
in series with the booster generator 21 across
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the main generator 18 thereby causing this ma-
chine to regenerate current into the power system
andfunctionas abrakeon the coil {{ to apply ten-
sion to the strip i3 during the rolling operation.
The circuit through the armature windings of the
machine 18 may be traced from one terminal of
the generator 18 through the conductors 233, 287
and 268, the contact members 289 of the switch
183, conductors 27Ti and 215, contact members
276 of the switch {87, conductors 277 and 228, the
armature winding 193, condyctor 24, armsture
winding 182, conductor 228, the armature wind-
ing 191, conductor 228, the shunf §8, conductors
226 and 227, the booster generator 21, conductors
221, 251 and 272, contact members 278 of the
switch {83 and conductors 274 and 238 to the

" generator {8,

In this manner, the machine |7 drives the reel
{2 to wind the strip on this reel and the ma-
chine 16 functions as a braking generator for the
reel fi.
of the armstures of the machine {7 are con-
nected in series while three of th armatur wind-
ings of the machine I8 are connected in series
during the rolling operation from right to left,
the system is inherently suitable for reductions
up to 33% % in the thickness of the material for
each pass through the rolls 10, since the machine
16 will operate at % of the speed of the motor
1T with the same voltage. As in the system shown
in Fig. 1, the booster generator is, therefore, re-
quired only for the RI drop compensation and
for variations in the size of the reels as a result
of the transfer of material from one reel to the
other. The booster is also utilized for the inch-
ing and stalled tension operations, as described
hereinbefore.

It will be noted that the armature 199 is not

-utilized when the mill is rolling from right to

left. No voltage is developed in the armature
winding 199, since the field winding 283 is shunt-
ed from the excitation circuit by contact members
218 on the switch 183.

At the end of the pass, the mill may be stopped
by actuating the switch 48 to the off position
thereby deenergizing the switches &1, 183, and 181

to apply dynamic braking to the mill motor i4-

and the reel motors 16 and 11. The dynamic
braking circuit for the mill motor (4 extends
from one terminal of the motor through con-
ductor 236, contact members 151 of the switch 41,

the resistor 31 and conductor 267 to the other,

terminal of the motor 4. The dynamic braking
circuit for the reel motor 17T may be traced from
one terminal of the armature winding 199
through conductors 255 and 281, contact members
282 on the switch 187, conductor 283, contact

" members 284 on the switch 189, conductor 285,

contact members 286 on the switch 183, conductor
281, the resistor 39, conductor 252, the armature
winding 197, conductor 253, armature winding
198 and conductor 254 to the other terminal of
the armature winding 199. The braking circuit
for the motor 18 may be traced from one terminal
of the armature winding 188 through conductors
223, 271 and 288, contact members 289 on the
switch (88, conductor 291, contact members 292
on the switch 198, conductor 293, contact mem-
bers 294 on the switch 185, conductor 298, the
resistor 38, conductor 220, armature winding 181,
conductor 225, the armature winding 192 and
conductor 228 to the other terminal of the arma-
ture winding 193.

The operation of the mill may be reversed to

roll the material from left to right by actuating

In view of the fact that only two

the switch 48 to the right and also the switch 35
to the right to reverse the polarity of the main
generator 18. When the mill is rolling from ieft
to right, the reel Ii becomes the winding reel
and the reel 12 the unwinding reel and the op-
eration of the switch 48 to the right energizes
switches 41!, 185 and 188 to connect the mill mo-
tor 14 to the main generator and establish the

_proper connections for the machines {6 andii.

The energizing circuit for the switch 4f may be
traced from the positive conductor 6! through

" conductor 233, the actuating coil of the switch 414,

conductor 234, a contact segment 288 on the
switch 48 and conductor 258 to the negative con-
ductor §6. The energizing circuit for the switch
{85 may be traced from the positive conductor §!
through conductor 288, the actuating coil of the
switch (88, conductor 287, contact segment 288
on the switch 48 and conductor 233 to the nega-
tive conductor §5. The energizing circuit for the
switch 188 extends from the positive conductor 8§t
through conductor 238, the actuating coil of the
switch {88, conductor 381, a contact segment 302,
and conductor 265 to the negative conductor 3.
The closing of the switch 4{ connects the mill
motor {4 across the generator {8 through a cir-

“cuit previously traced. -The closing of the switch

i85 conrects two of the armature windings of
the machine (€ across the main generator to
drive the reel {1. The circuit for the motor i€
may be traced from one terminal of the gen-
erator §8 through conductors 235, 267, and 268,
contact members 303 on the switch {85, con-
ductors 304 dand 224, the armature winding {92,

conductor 225, the armature winding {9{, con--

ductor 226, the shunt 56, conductor 305, contact

“members 306 on the switch {85 and conductor

238 to the other terminal of the generator 8.

The closing of the switch 188 connects all three
of the armature windings of the machine 17 in
series-circuit relation and in series with the
booster generator 2§ across the main generator
{8. The circuit through the machine {7 may be
traced from one terminal of the generator 18
through conductors 235, 267 and 268, the con-
tact members 303 of the switch 185, conductors
304 and 307, contact members 308 on the switch
188, conductors 309, 28f and 255, the armature
winding 199, conductor 254, the armature wind-
ing 198, conductor 253, the armature winding
£97, conductor 252, the shunt 87, conductors 212,
251 and 22!, the booster generator 2, conduc-
tors 221, 226 and 305, the contact members 306
of the switch 185 and conductor.238 to the other
terminal of the generdtor.18.

In this manner, the. dynamo-electric machine
16 functions.as a motor to drive tle reel {{ and
the machine 7 functions as a braking generator
for the reel 12, thereby applying tension to the
strip 13. The armature winding (93 does not
function during this operation since its corre-
sponding field winding 196 is shunted from.the
excitation circuit by a contact member 311 on
the switch 185. )

The switches 33 and 34 function to reverse the
polarity of the booster generator in the manner
hereinbefore described. Therefore, it is believed
to be unnecessary to describe further their oper-
ation at this time. Likewise, the regulators 54
and 55 control the tension applied to the strip
13 by regulating the current in the excitation
circuits for the machines 16 and 1T during the
operation of the mill, as described hereinbefore.

The mill may be stopped at the end of the pass
by actuating the switch 48 to the off position to
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upply dynamic brakirig to the motors as previ-
ously described. If it is desired to reverse the
operation of the mill to roll the sheet again from
right to left, the switches 35 and 48 are actuated
to the left and the operation of the mill re-

peated. In this manner, the strip may be rolled -
until the desired thickness is attained, it being

understood that the rolls 10 may be screwed down
between passes by any suitable means.

From the foregoing description, it is apparent
that I have provided a rolling mill drive which
is inherently suitable for making predetermined

reductions in the thickness of the strip for each

pass through: the. mill. Furthermore, I have
provided a system of operation which makes it
possible to utilize a booster generator of a rela-
tively low voltage rating and also to utilize ma-
chines of a smaller dimension for operating the
winding reels.

- Since many modifications may be made in
the apparatus and arrangement of parts, with-
out departing from the spirit- of my invention,
I do not wish to be limited other than by the
scope of the appended claims.

I claim as my invention:

1. In a rolling mill, in combination, winding
‘and unwinding reels for handling strip material
being worked by the mill, a power source, dy-
namo-electric machines for driving the .reels,
each of said machines having & plurality of
armatures, and means for connecting certain
ones of the armatures of either of said machines
to the power source to operate as motors only
and certain ones of the armatures of the other
machine to the power source to operate as brak-
ing generators to tension the msterial while it is
being worked by the mill. -

2. In g rolling mill, in combination, winding
and unwinding reels for handling strip material
being worked by the mill, a power source, & plu-
rality of dynamo-electric machines for driving
each of the reels, and means for connecting cer-

tain ones of the machines for either of said reels

to the power source to operate as motors only
and certain ones of the machines for the other
reel to the power source to operate as braking
generators to tension the material while it is

~ being worked by the mill.
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3. In a rolling mill, in combination, winding
and unwinding reels for handling strip mate-
rial being worked by the mill, a power source, dy-
namo-electric machines for driving the reels,
each of said machines having s plurality of
armatures, and means for connecting a portion
of the armatures of either machine te the power
source to operate as motors only and all of the
armatures of the other machine to the power
source operate as braking generators to tension
the material while it is being worked by the mill.

4. In a rolling .mill, in combinaticn, winding
and unwinding reels for handling strip material

_being worked by the mill, a power source, & plu-

rality of dynamo-electric machines for driving
each of the reels, and means for connecting &
portion of the machines for either of said reels
to the power source to operate as motors only
and all of the machines for the other reel tc
the power source to operate as braking gener-
ators to tension the material while it is being
worked by the mill. ,

5. In a rolling mill, in combination, winding
and unwinding reels for handling strip mate-
rial being worked by the mill, a power source,

. dynamo-electric machines for driving the reeis,

7%

each of said machines having a plurality of

2,29, 738

a.rmatures and means for connecting a portion -

of the armatures of either machine to the power
source to operate as a motor and for connecting

the armatures of the other machine to the power

source in series-circuit relation to operate as
braking generators to tension the material while
it is being worked by the mill.-

6. In a rolling mill, in combination, winding

and unwinding reels for handling strip mate-
rial being worked by the mill, a power source, a

. plurality of dynamo-electric machines for driving

each of the reels, and means for connecting a
portion of the machines for either of said reels
to the power source to operate as motors, and
for connecting all of the machines for the other
reel to the power source in series-circuit relation
to operate as braking generators to tension the
material while it is being worked by the mill.
7. In a rolling mill, in combination, winding
and unwinding reels for handling strip material
being worked by the mill, a power source, a booster
generator, dynamo-electric machines for driving
the reels, each of said machines having a plurality
of armatures, and means for connecting a por-
tion of the armatures of either machine directly
to the power source to operate as motors and for

connecting the armatures of the other machine o

the power source in serles-circuit relation and in

20

series with the booster generator to operate as -

braking generators to tension the material while
it is being worked by the mill.

8. In & rolling mill, in combination, winding
and unwinding reels for handling strip material

being worked by the mill, a power source, a booster

generator, a plurality of dynamo-electric ma-

chines for driving each of the reels, and means-

35

for conmnecting @ portion of the machines for

either of said reels directly to the power source to
operate a3 motors and for connecting all of the
machines for the other reel to the power source

40

in series-circult relation and in series with the

booster generator to operate as braking generaiors
to tension the material while it is being worked
by the mill.

8. In s rolling mill, in combination winding
and unwinding reels for handling strip material
being worked by the mill, 2 power source, dynamo-
electric machlnes for driving the reels, each of

said mechines having s plurality of srmatures,

and means for operating either of said machines
as a motor at the voltage of the power source and

" the other machine as a braking generator, the
. armatures of the machine which is operating as

a generator being connected to the power source
in series-circuit relation.

10. In & rolling mili, in combination, winding
and unwinding reels for handling strip material
being worked by the miil, & power source, a booster
generator, dynamo-electric machines for driving
the reels, each of said machines having a plurality
of armatures, and means for operating either of
sald mechines as & motor at the voltage of the
power source and the other machine as a braking
generator, the armatures of the machine which is
operating as & generator being connected to the
power source In series-circuit relation and in
series with said booster generstor. )

1i. The combination with & rolling mill and

‘'winding and unwinding reels on. opposite ‘sides

thereof, of 2 dynamo-eleciric machine connected

to each of said reels adapted to serve as 2 driv.:

ing motor or as g regenerative brake therefor,
each of said machines having a plurality of arma-

‘tures, & source of power, & booster generator, and

means for connecting the booster generater across
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the povirer source in series-circuit relation with all

of the armature windings of the dynamo-electric’

machine functioning as the regenerative brake to

cause the voltages developed by each to be added,

thereby permitting the braking machine to oper-
ate at a slower speed than the motoring machine,
12. The combination with a rolling mill and
winding and unwinding reels on opposite sides
thereof, of a dynamo-electric machine connected
to each of said reels adapted to serve as & driv-
ing motor or as a regenerative brake therefor,
each of said machines having a plurality of arma-
tures, a source of power, a booster generator,
means for operating the dynamo-electric machine
functioning as a motor at the voltage of the power
source, and means for connecting the booster gen-
erator across the power source in series-circuit
relation with all of the armature windings of the
dynamo-electric machine functioning as the re-
generative brake to cause the voltages developed
by each to be added, whereby said braking ma-
chine may operate at a slower speed than the
motoring machine and regenerate power into the
power source. .
13. The combination with a rolling mill and
winding and unwinding reels for handling strip
material being worked by the miil, of a dynamo-

9

electric machine connected to each of sald reels,
one of sald machines functioning as a motor and
the other as a braking generator, each of sald
machines having a plurality of armatures, &
source of power, & booster generator, and means
for connecting said machines to the power source,
said generating machine having a greater num-
ber of armatures connected to the power source in
series-circuit relation than said motoring ma-
chine, said booster generator being also connected
in series-circuit relation with the armatures of
said generating machine.

14. The combination with a rolling mill and
winding and unwinding reels for handling strip
material being worked by the mill, of a dynamo-
electric machine connected to each of said reels,
one of said machines functioning as a motor and
the other as a braking generator, each of said

‘machines- having a plurality of armatures, a

source of power, a booster generator, means for
operating the motoring machine at the voltage
of the power source, and means for connecting
the srmatures of the generating machine to the
power source in series-circuit relation and in
series with the booster generator.

ALONZO F. KENYON.
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