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The present invention relates, generally, to the
control of electrolytic processes and, more par-
ticularly, to the control of the electrolytic treat-
ment of confinuously moving lengths of mate-
rial.

In the manufacture of metal coated or plated
materials, such as tin-plate, it has been the prac-
tice to apply the coating material to the material
to be coated by dipping it into the molten coaiing
material, It has been found that this process is
wasteful of the coating material for the reason
that it is very difficult to control the thickness of
the coating and, as a consequence, much more of
the coating material is used than is necessary to
preperly coat the materia]l for the purpose for
which it is to be used.

It has been found that such metal coatings
may be applied very uniformly by electrolytic
means, and long sheets of material have been thus
coated by passing them through an electrolytic
bath. The amount of material deposited elec-
trolytically is a function of the length of time the
material to be coated is exposed to the plating
current and the density of the plating current. It
will be apparent then that a uniform deposit of
coating material will be made upon a strip of
material as it moves through an electrolytic plat-
ing bath at a constant speed while the current
density is kept constant.

In order to expedite the production of plated
material by this electrolytic process, it has been
found that the process can be made continuous
by securine the ends of successive lengths of ma-
terial together as they are fed to the plating ap-
paratus to thereby avoid stopping the length of
material and the plating apparatus for the pur-
rose of threading each new length of material
through the plating apparatus. In the operation
of such a plating system, it is necessary that the
seeed of travel of the length of material throush
the plating apparatus be decreased materially
when the next succeeding length of material is
to be attached thereto to form the continuous
leneth of material. Tt will be apparent that this
decrease of the speed of the length of material
throuch the plating bath will cause the length of
material to be acted upon by the plating current
for a greater period of time than when it is trav-
eling at normal sveed, and it will be necessary to
decrease the density of the plating current to pre-
vent the deposition of an excess quantity of coat-
ing material. TIn certain processes, it may be de-
sirable to maintain a fixed ratio between the
speed of the length of material and the plating
current density, while in other processes it may
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2
be desirable to vary this ratio as the speed of
the length of material changes.

An object of the present invention is to pro-
vide a control sysfem for a continuous electro-
lytic process which shall function to coordinate
the speed and current density in the process.

Another object of the invention is to provide a
control system for an electrolytic process for con-
tinuously treating a continuously moving length
of material which shall function to so coordinate
the current density and the speed of travel of the
length of material as to produce uniform treat-
ment of the length of material regardless of
changes in the speed of travel of the length of
material,

Another object of the invention is to provide a
control system for an electrolytic process for
continuously treating a continuously moving
length of material which shall function to provide
any desired ratio between the speed of the length
of material and the current density in the process
and which shall function to vary the ratio of
speed to current density in response to changes of
the speed of the length of material.

These and other objects and advantages will be
apparent from the following detailed description
taken in connection with the accompanying
drawing, in which:

Figure 1 is a diagrammatic representation of an
electrolytic system embodying the principal fea-
tures of the invention; and

PFig. 2 is a graphical illustration of the func-
ticning of the system of Fig. 1.

In practicing the invention, a strip of material
2 is drawn through an electrolyte & in a tank 6 by
means of a motor § which drives roll members {8
and 12, engaging the strip 2. 'The armature of
the motor 8 is connected to be energized by a gen-
erator 14 whose output potential may be varied by
a rheostat {6 which varies the enercization of its
field winding {8. The generator {§ may be driven
by any suitable means such as a substantially
constant speed alternating current motor 29.

A plurality of plating generators, such as gen-
erafors 22 and 24, may be driven by the motor 28
and connected by means of conductors 26 and 28
to separate sets of plating electrodes 30 and 32.
The other terminals of the generators 26 and 23
are connected by means of a common conductor
34 to contact rolls 36 and 38 which engage the
strip 2 as it passes through the electrolyte.

A pilot generator 42 is connected to be driven
by the motor 8 and its speed and output potential
are, therefore, proportional to the speed of travel
of the strip 2 through the electrolyte 4. Gener-
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ators 44 and 45 may be driven continuously by
any suitable means such as a substantially con-
stant speed alternating current motor 48. The
generator 48 is connected in series circuit rela~
tion with the generator 14 as shown to energize
the field windings 50 and 52 of the plating gener-
ators 22 and 24, respectively, through variable re-
sistors 54 and 58, respectively.

The generator 44 has a field winding 83 which
is energized through a variable resistor 6§ by

10

the potential drop across a shunt device 82 in the

common conductor 34 of the plating current cir-
cuit. The excitation of the generator 84 thus
varies in accordance with the plating current, and
its output potential is, therefore, a measure of
the plating current density.

A regulator €4 functions to control a variable
resistor 65 which is connected in series circuit
with g variable resistor 86 and the field winding
88 of the generator 48 so that the output potential
of the generator 48 is varied in accordance with
the setting of the variable resistor 65 by the
regulator 64.

The regulator 64 comprises a reversible motor
78 which is connected in driving relation with the
variable resistor 65 and which may be made to ro-
tate in a reverse or forward direction by means
of a movable contact element 72 in cooperation
with fixed contact elements 74 and 76. The mov-
able contact element 72 is mounted upon a pivoted
arm 72 which is disposed to be operated in oppo-
site directions by solenocids 78 and 88.

The solenoid 78 is connected, as shown, to be
energized by the pilot generator 42 and thus acts

upon the pivoted arm 73 with a force proportional :

to the speed of the strip 2 through the electrolyte
4. The solenoid 89 is connected to be energized by
the output potential of the generator 44 in circuit
with a variable resistor 82 and, therefore, acts

upon the pivoted arm 73 with a force which is 4

proportional to the density of the plating current.
The variable resistor 82 is disposed to be actuated
simultaneously with the variable resistor 16 by
an operating member 84.

In the operation of the system, since the speed
of the strip 2 depends upon the speed of the
motor 8 which, in turn, varies with the potential
of the generator {4, and since the excitation and
output potential of the plating generators 22 and
24 are varied by variations of the potential of the
generator 14, it follows that the speed of the strip
and the plating current, as controlled by the gen-
crator 14, will vary proportionately.

The variable resistor 68 may function as a cali-
brating resistor to selectively fix the desired ratio
of proportionality between the strip speed and the
plating current. 'The variable resistor 82 also
functions as a calibrating resistor to vary the
sensitivity of the circuit of the solenoid 88. If
there is any variation in the proportionality be-
tween the speed of the strip 2 and the plating
current, as fixed by the resistors 68 and 82, the
resulting unbalance of the forces acting on the
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pivoted arm 13 will cause the contact element 72 -

to engage one of the fixed confact elements 74 and
76 which, in turn, will cause the motor 79 to oper-
ate the variable resistor 85 in such direction as to
cause the generator 48 to increase or decrease the

65

excitation of the generators 22 and 24 to thereby .

compensate for the variation in the proportional-
ity between the speed of the strip and the plating
current.

When it is desired to reduce the speed of the

70

strip 2 to such a speed as will permit attach- .

ment of the leading end of a succeeding strip to

75

the following end of the strip to thereby provide
a continuous process and continuous movement
of the strip, the speed of the strip may be reduced
by actuating the operating member 24 to thereby
reduce the potential of the generator (4 and, in
turn, the speed of the motor 8. The effective re-
sistance of the variable resistor 82 will be in-
creased as the effective resistance of the variable
resistor 16 is increased and this will decrease the
force of the solenoid 88 per unit of plating cur-
rent, thus causing the regulator 62 to increase the
excitation of the generator 6. This will increase
the excitation of the generators 22 and 24 fo
thereby increase the plating current. Thus the
ratio between current and speed will be increased
as the speed is decreased.

The curve A of Fig. 2 illustrates the variation
of plating current with strip speed for one set-
ting of the variable resistor 68 and one raie of
variation of the effective resistance of the resistor
82. The resistor 82 may be designed for a differ-
ent, rate of variation to vary the plating current
with strip speed in a manner illustrated by the
curve B of Fig. 2. The variable resistor 82 may
also be so designed that its effective resistance will
vary in such a manner as to produce a speed-
current characteristic similar to that illustrated
by the curve C of Fig. 2.

In order to obtain the best plating results, it
may be desirable that the plating current pro-
vided by one of the generators 22 and 24 he
greater than the other. The variable resistors 54
and 56 are provided to so proportion the excita-
tions of the plating generators 22 and 24 as to
produce any desired proportionality between the
plating currents provided by these generators.

It is to ke understood that the regulator 64
is merely illustrative of one type of regulator that
may be employed to perform the regulator func-
tion described herein, ang that any regulator that
will function in response to potentials propor-
tional to the speed of the sirip and the plating
current may be employed.

It is to be understood that only two plating gen-
erators have been shown and described herein
merely for the purpose of illustration and that as
many plating generators as desired may be em-
ployed and controlled in accordance with the
principles described herein.

It is also to be understood that the description
of the electrolytic process as an electroplating
process is merely illustrative of the principles of
operation of the control system, and that the con-
trol system may be employed if desired in any
electrolytic process in which it is desired that a
current density in the process vary in any de-
sired manner in response to variations in the
speed of the length of material which is heing
electrolytically treated in the process.

Thus it will be seen that I have provided a con-
trol system for an electrolytic plating process for
plating a continuously moving length of material
which shall function to coordinate the speed of
travel of the length of material and the plating
current density, which shall function to provide
any desired ratio between the speed of the length
of maierial and the current density in the proc-
ess, and which shall function te vary the ratio of
speed to current density, as desired, in response
to changes of the speed of the length of material.

In compliance with the requirements of the
patent statutes, I have shown and described here-
in a preferred embodiment of my invention. Itis
to be understood, however, that the invention is
not limited to the precise construction shown and
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described, but is eapable of modification by one
skilled in the art, the emhodiment shown herein
being merely illustrative of the principles of the
invention.

I claim as my invention:

1. In a control system for an electrolytic proc-
ess, an electric motor for causing a length of ma-
terial to travel through the electrolytic process, a
variable voltage generator for supplying power to
the motor, means for varying the current in the
electrolytic process in accordance with the volt-
age applied to the electric motor by said gen-
erator, and means for varying the current flow in
the process in response to variations in the ratio
between the speed of travel of the length of mate-
rial through the process and the density of the
current in the process.

2. In a control system for an slectrolytic proc-
ess, an electric motor for causing a length of ma-
terial to travel through the electrolytic process, a
source of variable voltage power for energizing
the motor, means for varying the current in the
electrolytic process in accordance with the volt-
age applied to the electric motcr, control means
for varying the current fiow in the process in re-
sponse to variations in the ratio between the speed
of travel of the length of material through the
process and the density of the current in the
process, and means for simultanecusly varying
the voltage applied to the electric moter and the
ratio to which the contrsl means is responsive.

3. In a confroel system for an electrolytic proe-
ess, an electric motor for causing a length of
material to travel through the process, a gener-
ator for energizing the motor, means for varying
the current density in the process in accordance
with variations of the output potential of the
generator, control means responsive to the ratio
between the speed of travel of the length of ma-

terial through the process and the density of cur- 4!

rent flow in the process for varying the current
flow in the process, and means for simultaneously
varying the output potential of the generator and
the ratio to which the control means is respon-
sive.

4. In a contrel system for an electrolytic proc-
ess, an eleciric motor for causing a length of
material to travel through the process, first gen-
erator means for energizing the motor, second
generator means for supplying current to the
electrolytic process, third generator means, cir-
cuit means for connecting said first and third
generator means to excite said second generator
means, and control means for automatically
varying the potential of said third generator
means in accordance with variations of the ratio
between the speed of travel of the length of mate-
rial and the current flow in the process.

5. In a control system for an electrolytic proe-
ess, an electric motor for causing a length of ma-
terial to travel through the process, first genera-
tor means for energizing the motor, second gen-
erator means for supplying current to the elec-
trolytic process, third generator means, circuit
means for connecting said first and third gener-
ator means to excite said second generator means,
control means for automatically varying the po-
tential of said third generator means in accord-
ance with variations of the ratio between the
speed of travel of the length of material and the
current flow in the process, and means for simul-
taneously varying the potential of the first gen-
erator means and the ratio to which the control
means is responsive,

6. In a control system for an electrolytic proc-
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ess, an electric motor for causing a length of ma-
terial to travel through the process, generator
means for energizing the motor, means for sup-
plying current to the electrolytic process, control
means for said current supplying means con-
nected for energization to the generator means to
provide a predetermined ratio between the speed
of travel of the length of material and the cur-
vent flow in the process, means for varying the
voltage of said generator means to vary the speed
of the strip, and means including regulator means
jcintly responsive to the speed of the material
and the current in the process for additionally
controlling the energization of the said control
means to maintain said predetermined ratio of
speed and current flow.

7. In a conirol system for an electrolytic proe-
ess, an electric motor for causing a length of ma-
terial to travel through the process, generator
means for energizing the motor, means for sup-
plying current to the electrolytic process, control
means for said current supplying means con-
nected for energization to the generator means
to provide a predetermined ratio between the
speed of travel of the length of material and the
current flow in the process, means for varying the
voitage of said generator means to vary the speed
of the strip, additional generator means con-
nected to control the energization of said control
means for varying the output of the current sup-
piying means, and regulator means jointly re-
spoasive to the speed of travel of the material
and the current flow in the process for controlling
the excitation of the additional generator means
to mainfain said predetermined ratio of speed
and current.

8. In a control system for an electrolytic proc-
ess. an electric motor for causing a length of ma-
terial to travel through the process, generator
means for energizing the motor, means for sup-
rlying current o the electrolytic process, control
means for said current supplying means con-
nected for energization to the generator means to
provide a predetermined ratio between the speed
of travel of the length of material and the cur-
rent flow in the process, means for varying the
voltage of said generaftor means to vary the speed
of the strip, additional generator means con-
nected to control the energization of said control
means for varyving the output of the current, sun-
nlving means, pilot generator means overahle to
develop an output voltage provortional to the
speed of the material. additional pilot generator
meavs operable to develop an output voltage
proportional to the output of the current supply-
ing means, and regulator means jointly respon-
sive to the voltages of said pilot generators for
controlling the excitation of said additional gen-
erator means for additionally controlling the en-
ergization of the control means to maintain said
vredetermined ratio of speed and eurrent.

9. In a centrol system for an electrolytic proc-
ess, an electric motor for causing a length of ma-
terial to travel through the process, generator
means for energizing the motor, means for sup-
plying current to the electrolytic process, control
means for said current supplying means con-
nected for energization to the generator means to
provide a predetermined ratio between the speed
of travel of the length of material and the cur-
rent flow in the process, means for varying the
voltage of said generator means to vary the speed
of the strip, additional generator means con-
nected to control the energization of and control
means for varying the output of the current sup-
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plying means, pilot generator means operable to
develop an output voltage proportional to the cur-
rent flow in the process, regulator means jointly
responsive to the speed of the material and the
output voltage of the pilot generator means for
controlling said additional generator means for
additionally controlling the energization of the
control means to maintain said predetermined
ratio of speed and current, and means operable to
simultaneously vary the output voltage of the first
generator means and the effectiveness of the out-
put voltage of the pilot generator means upon the
regulator means to change the ratio of speed and
current,

10. Tn a control system for an electrolytic proc-
ess; an electric motor for causing a length of ma-
terial to travel through the process, first gen-
erator means for energizing the motor, second
generator means for supplying current to the
process, said second generator means having an
excitation circuit connected to be energized in
accordance with the voltage of the first generator
means, third generator means connected in said
excitation circuit, a first pilot generator operable
to develop a potential proportional to the speed
of the material, second pilot generator means op-
erable to develop a potential proportional to the
current supplied to the process, regulator means
jointly responsive to the potentials of said first
and second pilot generators for controlling the ex-
citation of the third generator means, control
means operable to vary the excitation of the first
generator means, and means actuated in accord-
ance with said control means for varying the ef-
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fectiveness of the second pilot generator potential
on said regulator means, thereby to provide for
varying the ratio between speed and current as
the speed of travel is varied..

11. In a control system for an electrolytic proc-
ess; an electric motor for causing a length of ma-
terial to travel through the process, first genera-
tor means for energizing the motor, second gen-
erator means for supplying current to the proc-
ess, said second generator means having an ex-
citation circuit connected to be energized in ac-
cordance with the voltage of the first generator
means, third generator means connected in said
excitation ecircuit, a first pilot generator operable
to develop a potential proportional to the speed
of the material, second pilot generator means op-
erable to develop a potential proportional to the
current supplied to the process, regulator means
operable to confrol the excitation of the third
generator means, said regulator means having
one operating circuit energized in accordance
with the potential of the first pilot generator and
a second operating circuit energized in accord-
ance with the potential of the second pilot gener-
ator, first variable resistance means operable to
vary the excitation of the first generator means,
and second variable resistance means actuated in
conjunction with said first variable resistance
means for varying the effectiveness of the poten-
tial of the second pilot generator on said second
cperating circuit of the regulator means, thereby
to provide for varying the ratio between speed
and current as the speed of travel is varied.

CHARLES P. CROCO.




