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1

This invention relates to apparatus for con-
trolling the electroplating of a moving length
of material and it has for an object the provision
of a simple, reliable and efficient and improved
control apparatus of this character.

A very important application of apparatus of
this character is the electrolytic tin plating of
a strip of cold steel. Electrolytic tin plating re-
sults in a product equal to that produced by the
hot dip method with a saving in tin of approxi-
mately 50 per cent. Althcugh economics alone
is sufficient justification for the electrolytic proc-
ess, the present strategic value of tin is the more
important consideration. .

In carrying the invention into effect in one
form thereof, a strip of cold steel is unwound
from a coiler, passed through a plating tank in
a number of parallel passes and then wound
upon a take-up reel. The plating tank contains

an electrolyte and a plurality of spaced apart 2

electrodes. The electrodes are included in direct
current circuits. For the purpose of producing
a uniform coat of minimum thickness, means
are provided for correlating the magnitude of

the plating current with the speed of the strip. *

This correlating means comprises current regu-
lating or controlling devices in circuit with the
electrodes, a totalizing means for producing a
control voltage proportional to the sum of the
electrode currents, a device for producing a sec-
ond control voltage proportional to the speed of
the strip together with means for comparing
these control voltages and controlling the elec-
trode current controlling devices responsively to

the. difference of these control voltages to main-

tain the sum of the separate electrode currents
at a value proportional to the speed of the strip.
For a better and more complete understanding
of the invention, reference should now be had to
the following specification and to the accom-
panying drawing, of which Fig. 1 is a simple dia-
grammatical illustration of an embodiment of
the invention and Fig. 2 is a modification.
Referring now to the drawing, a length of cold
steel strip 10 is unwound from a paying-out
reel {1, passed into a tank 12, and then through
a tin plating bath 13 in a series of vertical passes,
the pass lines of which are spaced from the elec-
trodes 14, 15 and (6. After passing through the

bath, the strip is wound on a take-up reel 17. °
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In passing through the bath (3 in tank 12, only
the top surface of the strip receives a coating of
tin from the electrodes (4, I5 and 6. Addi-
tional electrodes (not shown) are provided for
coating the bottom surface.

The take-up reel 17 is driven by any suitable
driving means such, for example, as a direct
current motor 18. This motor may be supplied
from any suitable source such as an adjustable
voltage generator (not shown). Tension may be
maintained in the strip between the paying-out
reel (0 and the first contact guide roller at the
entrance end of the tank by means of a dynamo-
electric machine (not shown) which is driven by
the paying-out reel. This dynamoelectric ma-
chine operates as a generator and returns energy
to the supply generator which supplies the take-
up reel motor and in thus returning energy to the
system, it acts as a braking generator.

Each of the electrodes 14, 15 and 16 is included
in a separate direct current circuit. Por example,
the circuit for electrode 14 extends from the
lower or positive terminal of the direct current
generator 19 to the tin electrode 14 which acts
as an anode, through the plating bath to the
strip and then through contact rollers 21 and 21aq,
conductors 22 and 23 to the negative terminal
of generator 9.

The electrodes 15 and 16 are similarly con-
nected in separate direct current circuits with
direct current generators 24 and 25 through con-
ductors 26 and 21.

In the interest of simplicity, only three elec-
trodes are illustrated in the drawing. In prac-
tice a much larger number, such as twelve, and
a corresponding number of direct current gener-
ators are used.

The generators 18, 24 and 25 are low-voltage
high-current generators. For example, these
generators may be designed for 6000 amperes and
12 volts. Since the current flowing in each of the
electrode circuits is a high value, e. g., 6000 am-
peres, the conductors 23, 28 and 27 preferably
are construcfed as bus bars,

Instead of the generators 19, 24 and 2%, other
suitable means may be employed for supplying or
controlling the value of currents supplied to the
electrode circuits. One alternative to the gen-
erators is the combination of a rectifier supplied
frocm an A. C. scurce and a series connected sat-




3
urable core reactor in circuit with each of the
electrodes. A second alternative is a grid con-
trolled mercury arc rectifier connected in ecir-
cuit with each of the electrodes.

For the purpose of maintaining the total elec-
trode current at a value proportional to the speed
of the strip, means are provided for producing
g control voltage which is proportional to the
speed of the strip and additional means are pro-
vided for producing a control voltage proportional
to the sum of the electrode currents.

The means for producing control voltage pro-
portional to strip speed is illustrated as compris-
ing a tachometer generator 2§ which is driven
by the take-up reel driving motor 8. As indi-
cated, the take-up reel {7 is driven by means of
contact drums {7¢ and {76 which make contact
with the coil at the periphery thereof. These
drums are driven by the motor i8. Since the
coil is driven through contact drums !7a and
{76 at the periphery of the coil, the speed of the
strip will be proportional to the speed of the
motor 8. Likewise the voltage of the tachom-
eter generator, which is driven by motor (8, is
proportional to the speed of the strip.

The. means for producing a control voltage
proportional to the sum of the electrode currents
comprises a plurality of saturable reactor units
.29, 30 and 31, one for each of the bus bars 23, 26
and 217, together with a plurality of correspond-
ing rectifier units 32, 33 and 34 and a totalizing
reactor 35 and associated rectifier 286.

The impedance of a saturable core reactor to
alternating current may be varied by varying the

.D. C. excitation of its magnetic circuit, and a :

D. C. exciting coil may be provided for this pur-
pose. However, the core of the reactor 29 is
designed to be slipped over the bus bar and thus
the . ampere - turns of saturating current are
numerically equal to the amperes flowing in the
bus bar.

For the purpose of economy in the amount of
iron required for. the core member: of the re-
actor, for proper operation at 6000-ampere turns

-produced by the bus current, a feedback winding ;

29b is wound over the reactance winding 29a.
The reactance winding 298¢ is connected in series
-relationship with the full wave rectifier 32¢ of
the rectifier unit 32 across a source of alternat-
ing voltage which is represented by the two sup-
ply lines 37.

. The reactance voltage drop across the re-
actance winding 2%q decreases as the saturation
of the core increases. Thus the output voltage

of the rectifier 32a, which is the difference be- 3

tween the constant voltage of source 31 and the
voltage drop across reactance winding 29q, is pro-
portional to. the net saturation current. This
output voltage of rectifier 32a appears across the
.resistance 38. The feedback winding 29% is in-
cluded in a circuit which is connected across the
output of rectifier 32¢ and its polarity is such
that its .ampere turns oppose the ampere turns
of .the. electrode current. The net saturating
ampere turns of reactor unit 29 are the difference
‘of these two ampere turns. The feedback wind-
ing may be designed, for example, to- produce
5600 ampere turns when the bus bar ampere
turns are 6000. With such design the net saturat-
ing ampere turns of reactor 29 is 400.

The reactor 29 has a magnetizing current of
about 5 per cent. That is to say, when all direct
current is removed from the reactor, the voltage

.across the output terminals of rectifier 32¢ is 5
per cent of the voltage that appears across these
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terminals when the reactor is saturated. This is
the voltage produced by the magnetizing current
which flows in the reactance winding when there
is no direct current excitation of the reactor.
This voltage is applied to the feedback winding.
At zero electrode current, this 5 per cent voltage
causes a small current to flow in the feedback
winding which causes partial saturation and this
partial saturation, in turn, causes a greater volt-
age to appear across the output terminals of the
rectifier. The action is cumulative and once
begun, the reactor becomes and remains satu-
rated until alternating voltage is removed irom
the reactance winding. To prevent this cumula-
tive self-excitation, a small opposing bias voltage,

-slightly in excess of the 5 per cent voltage pro-
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duced by the magnetizing current, is provided.
This opposing voltage is applied across the re-
sistor 39 and is supplied from the rectifier 40
which in turn is supplied from the secondary
winding #ia of a transformer 4{, the primary
winding 4ib of which is connected across the
source 871. The resistor 39 is connected in series
relationship with the feedback coil 28b which is
connected across the resistor 38 to which the out~
put voltage of rectifier 32¢ is supplied. . The
polarities are such that the voltages across the

.resistors 38 and 39 are in opposition so that at

zero electrode current the voltage across the feed-
back winding 290 is zero.

The reactor units 38 and 31 are identical with
unit 29 and, accordingly, a. description of units
30 and 31 is omitted to avoid repetition. Like-
wise, the rectifier units 38 and 34 are duplicates
of unit 32 and a description is therefore omitted.
The bias rectifiers of units 33 and 34, which cor-
respond fto the bias rectifier 40 of unit 32, are
supplied from the secondary windings 4ic¢ and
41d of transformer 41.

The totalizing reactor 3% is provided with a
plurality of direct current saturating windings
35a, 350, and 38c, one for each of the electrodes.
The saturating winding 35¢ is connected across
the resistors 38 and 39 and thus there is caused
to flow in the saturating winding 35a¢ a saturat-

-ing current which is proportional to the current

flowing in electrode 4. Similarly, the saturating
windings 38b and 35c are connected across re-
sistors in rectifier units 33 and 34 which corre-
spond to resistors 38 and 89 in rectifier unit 32.
Thus, currents which are proportional to the cur-
rents flowing in the individual electrode circuits
are caused to flow in the saturating windings 33a,
35b and 35c.

The reactance winding 38d of the totalizing
reactor is connected in series with full wave
rectifier 36 across the source 37. A resistor 42 is
connected in series relationship with a resistor 43
across the output terminals of rectifier 36. For
the purpose of producing zero voltage across the
output terminals of rectifier 28, when zero cut-

‘rent is flowing in each of the saturating windings

35a, 850 and 38c, a small bias voltage is supplied
from rectifier 48 to resistor 43 of such a polarity

~as to oppose the voltage produced across the re-

sistor 42 by the magnetizing current flowing in
reactance winding 33d. The reactance of the
reactor winding 38d decreases and the current
fiowing therein increases with increased satura-
tion of the core. Thus, a current is caused to
flow in resistance 42 which produces a voltage
drop across resistor 42 that is proportional to the

‘sum of the separate currents flowing in the

saturation windings 35q, 35b and 35¢ and hence
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proportional to the sum of the separate electrode
currents.

One terminal of resistor 42 is connected to
the slider of a potentiometer &5 which is con-
nected across the tachometer generator. The
other terminal of the resistor 42 and the ter-
minal 45d of like polarity of potentiometer 4%
are connected to opposite terminals of the con-
trol field winding 468a of a special direct current
dynamoelectric machine 46. The voltage be-
tween the slider and the terminal 45a is derived
from the voltage of the tachometer generator
28 and is therefore proportional to the speed of
the strip. Thus, there is applied to the control
field winding 46a a voltage which is the dif-
ference of the voltage across resistance 42, which
represents the total electrode current, and the
voltage between the slider of potentiometer 45
and terminal 48a which is proportional to the
speed of the strip.

A special dynamoelectric machine 46 has a
pair of load brushes 46b and a pair of brushes
46¢c on an axis which is displaced 90 electrical
degrees from the axis of the load brushes. The
brushes 48c are short-circuited.

The conirol field winding 46¢ is arranged on
the load brush axis. The armafure reaction
along the load brush axis is effectively netural-
ized by the series compensating field winding
46d. The control field winding 46g, which is
also arranged on the load brush axis, produces
a flux which causes current to flow in the short
circuit, and this short-circuit current produces
an armature flux which generates a voltage
across the load brushes and causes current to
flow in the load circuit. The machine is thus
a cross armature flux excited, direct armature
flux compensated dynamoelectric machine. The
important characteristics of this machine are
its high speed of response and its high amplifica-
tion factor, i. e., the ratio of the current in the
Joad circuit to the current in the control field
winding.

The dynamoelectric machine 4§ thus com-~
pares the voltage drop across resistor 42, re-
presenting the total electrode current, with a
voltage derived from the tachometer generator
which represents the speed of the strip, and
supplies a current proportional to the difference

of these voltages to the field winding 4%7a of an .

exciter 47. This execiter 4T supplies excitation
current, to the field windings %, 24a and 28a
of the generators 19, 24 and 25 which individual-
1y supply currents to the electrodes 4, 15 and

16, respectively. If the combination of saturable |

reactors and rectifiers were used instead of the
generators 19, 24 and 25 as pointed out in the
foregoing, the exciter 471 would be connected to
supply excitation to the saturating windings of
the reactors. In other words, the saturating
windings of these separate reactors would be
connected in the places of the field windings 19a,
24a and 25a, respectively.

By varying the position of the slider on the
potentiometer £5, the total plating current for
any given strip speed can be adjusted as desired.
A rectifier 48 is included in the connections be-
tween the slider 452 and the right hand terminal
of potentiometer 42.

In operation, if the total plating current drops
below the value set on the plating current adjust-
ment potentiometer 45, the difference voltage
applied to the regulating field winding 46a of
dynamoelectric machine is increased, which in
turn increases the excitation supplied to the field
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winding 4Ta of the exciter 47, As a result of
its increased excitation, the exciter 4T generates
an increased voltage which is supplied to the
field windings of the separate electrode genera-
tors 13, 24 and 25 and the current supplied by
these generators to the electrodes is increased
until the total current produces a voltage drop
across the resistor 42 such that the difference
between the voitage drop across the resistor 42
and the voltage between the slider and the ter-
minal 45a of potentiometer 45 will produce just
that excitation of the control feld winding 46a
which is required to maintain fhe total electrode
current at the vaiue set on the potentiometer 48.

If the total plating current should increase
above the value set on the potentiometer 45, a
cimilar but reverse action takes place.

If the speed of the strip increases, the voltage
of the tachometer generator 28 increases cor-
respondingly and, as a result, an increased dif-
ference voltage is applied to the control field
winding 4%¢ of the dynamoelectric machine 46.
This causes an increased voltage to be supplied
to the field windings {9a, 28¢ and 25a of the
plating generators {8, 24 and 25. As a resuli,
the total current supplied by these generators
to the electrodes will increase thereby increasing
the voltage drop across the resistor 42 and re-
ducing the difference voltage applied to the field
winding &6a until the excitation of the dynamo-
electric machine 4§ is just sufficient to maintain
the total electrode current at the proper value
for the increased speed of the strip.

If the speed of the strip decreases, a similar
but reverse operation takes place.

If for some reason, the speed of the strip should
decrease very rapidly, the voltage across the
active portion of potentiometer 45 would become
less than the voltage across the potentiometer
42, and the current through field winding 46«
would be momentarily reversed. This would tend
to reverse the excitation of the plating current
generator. During a severe transient, this ten-
dency might actually reverse the plating current.
The polarity of the magnetic fluxes produced by
the plating current and feedback windings of
the reactors 29, 38 and 3! would then be in the
same direction, and the reactors would be com-
pletely saturated. I this occurred, it would be
necessary to shut down the entire equipment
before normal operation could be restored.

This undesirable operating condition is pre-
vented by the rectifier 48 which prevents reverse
current flow in the field winding 464. Thus, when
the speed of the strip drops suddenly, the excita-
tion of control field winding 46a and the excitation
of the plating generators 19, 24 and 23 may de-
crease to zero until the voltage drop across the
potentiometer 42 becomes less than the voliage
drop across the active portion of potentiometer
45. This allows the piating current to decrease to
a new low value corresponding to the reduced
speed of the strip.

In the modification of Fig. 2, the speed of the
strip is controlled as a function of the sum of
the plating currents flowing in the separate elec-
trode circuits. This is accomplished by utilizing
the output of the totalizing apparatus to control
the speed of the driving means for the take-up
reel.

The length of material 50 after passing through
the plating apparatus 51 is wound upon a reel
to form g coil 52. The plating apparatus of Fig. 2
is represented conventionally by the rectangle 51
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since it is identical with the plating apparatus
contained within the dotted rectangle A of Fig. 1.

The take-up reel 52 is driven by a direct cur-
rent electric motor 58 which corresponds to the
take-up reel motor {8 of the modification of Fig. 1.
The motor 53 is supplied from a small generator
94 which corresponds to the exciter 41 of Fig. 1.
This generator receives its excitation from an
armature reaction excited dynamoelectric ma-
chine 55 which corresponds to the machine 46 of
Fig. 1.

Currents are supplied to the electrode circuits
of the plating apparatus 51 by means of individual
direct current generators §8, 57 and 58 which
correspond to the generators 19, 24 and 25 of the
modification of Fig. 1. These electrode currents
are totalized by means of totalizing apparatus
which is represented conventionally by the rec-
tangle §8. This totalizing apparatus 59 is pref-
erably identical with the totalizing apparatus of
Pig. 1 which is enclosed within the dotted rec-
tangle B.

A resistor §0 corresponding to the resistor 42 of
Fig. 1 is connected to the output of the totalizing
apparatus so that a voltage is produced across
the resistor 66 which is proportional to or a func-
tion of the sum of the individual electrode cur-
rents.

A voltage proportional to the speed of the
length of material 50 is generated by means of a
tachometer generator 61 which is driven by the
reel motor §3. This voltage proportional to strip
speed is applied to a potentiometer resistor 2
which is connected across the armature termi-
nals of the tachometer generator. The termi-
nals 62a of potentiometer 62 and 60a of resistor
68, which have the same polarity, are connected
to opposite terminals of the control field winding
85a, and the slider 62b of potentiometer §2 is

connected through rectifier €3 to the opposite ter- «

minal of potentiometer 60. As a result of these
connections, the voltage drop across potentiom-
eter 68 which is proportional to total electrode
current is compared with the voltage drop be-
tween the terminal 62¢ and the slider §2b of po-
tentiometer 62 which is proportional to the strip
speed, and the difference of these two voltages is
applied to the control field winding 55¢ of the
armature reaction excited dynamoelectric ma-
chine 55.

The field windings 56a, 57¢ and 58 of the in-
dividual electrode current supply generators are
excited from a suitable source of excitation, such
as the excifer 64 which is driven at a substantially
constant speed by suitable means, such as an in-
duction motor (not shown). The field winding of
exciter 84 is excited from a suitable D. C. source
which is represented by the two supply lines §5
and 66.

The slider 62b is adjusted to a position on the
pvotentiometer 62 which corresponds to the strip
speed which is to be held for a predetermined
normal value of total electrode current,.

In operation, when this speed is reached, s
balanced condition exists in the system with the
difference between the voltage drop across the
potentiometer 60 and the voltage drop across the
active portion of the potentiometer §2 being just
sufficient to maintain the speed of motor 53 at
the desired value for the predetermined normal
value of total electrode current.

If the total electrode current decreases below
this normal value, the voltage drop across poten-
tiometer 68 will decrease, thereby reducing the
difference voltage applied to control field winding
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55a. This results in decreasing the speed of the
reel drive motor 3 until a new condition of bal-
ance is established at a somewhat lower speed,
which corresponds to the reduced electrode cur-
rent. Similarly, if the total electrode current in-
creases above the predetermined normal value,
the difference of the voltage drops across poten-
tiometer 68 and the active portion of potzntiom-
eter 62 is correspondingly increased. As a result,
the speed of motor 53 is increased to effect a
corresponding increase in the speed of the strip.
A new condition of balance is established at a
higher value of strip speed which corresponds
to the increase total electrode current.

Although in accordance with the provisions of
the patent statutes, this invention is described as
embodied in conecrete form and the principle
thereof has been described together with the best
mode in which it is now contemplated applying
that prineciple, it will be understocod that the
apparatus shown and described is merely iilus-
trative and that the invention is not limited there-
to, since alterations and modifications will read-
ily suggest themselves to persons skilled in the
art without departing from the true spirit of
this invention or from the scope of the annexed
claim.

What we claim as new and desire to secure by
Letters Patent of the United States is:

Apparatus for controlling the electroplating of
a length of material in a tank containing an elec-
trolyte and a plurality of electrodes comprising
in combination, an electric motor for meoeving said
length of material through said electrolyte, a
plurality of direct current circuits each includ-
ing a different one of said electrodes thereby to
cause a direct current to flow through each of
said electrodes and said electrolyte to said ma-
terial, a separate supply generator connected in
each of said circuits provided with a field winding
for controiling the current flowing therein, a
tachometer generator driven by said motor for
producing a control voliage proportional to the
speed cf said length of material, a blurality of

® saturable reactors each provided with g saturat-

ing winding excited by the direct current of a
corresponding one of said direct current circuits,
a reactance winding and a feedback winding, a
separate rectifier for each of said reactors, each
having its input terminals connected in circuit
with the reactance winding of s corresponding
reactor and its outpui terminals connected in
circult with the feedback winding thereoi, a
source of constant direct voltage and electrical
connections from said source o said feedback
winding for supplying a bias voltage to said feed~
hack winding to counteract the outpus voltage of
said rectifier resulting from the magnetizing cur-
rent of said reactance winding at zero electrode
current, a totalizing saturable reactor having 2
plurality of saturating windings each connecied
to be excited by the output voltage of a corre-
sponding one of said rectifiers and having a re-
actance winding, a rectifier having its input ter-
minals connected in circuit with said reactancs
winding of said totalizing reactor for producing
in its output circuit a control voltage proportional
to the sum of said electrode currents, and a
dynamoelectric machine excited by the difference
of said contro! voltages and having electrical con-
nections from its armature to the field windings
of said supply generators for supplying exciting
current o said field windings of said supply gen-
erators to maintain the ratio between the speed




2,463,254

of said length of material and the sum of said Number

electrode currents substantially constant. 2,040,492
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