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UNITED STATES PATENT OFFICE 
2,43,918 

CONTROL SYSTEM FOR ELECTROLYTIC 
PROCESSES 

Glenn E. Stoltz, Pittsburgh, and John R. Erbe, 
Mount Lebanon, Pa., assignors to Westinghouse 
Electric Corporation, East Pittsburgh, Pa., a 
corporation of Pennsylvania, 

Application December 8, 1942, Serial No. 468,218 
(C. 204-211) 13 Clains. 

1. 
The present invention relates, generally, to 

control Systems, and, more particularly, to the 
Control of the electrolytic treatment of contin 
uously noving lengths of material. 

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 mate 
rial to be coated by dipping it into the molten 
coating 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 conse 
quence, much more of the coating is used than 
is necessary to properly coat the material for 
the purpose for which it is to be used. 

It has been found that such 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 electrolytically 
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 coat 
ing material will be made upon a strip of mate 
rial as it moves through an electrolytic plating 
bath at a constant speed while the current den 
sity 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 'securing the ends of successive lengths of 
imaterial together as they are fed to the plating 
apparatus to thereby avoid stopping the length 
of material and the plating apparatus for the 
purpose of threading each new length of mate 
rial through the plating apparatus. In the op 
eration of Such a plating system, it is neces 
sary that the speed of travel of the length of 
naterial through the pating apparat US be 
decreased materially when the next succeeding 
length of material is to be attached thereto to 
form the continuous length of material. It will 
be apparent that this decrease of the speed of 
the length of material through 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 traveling at normal 
speed, and it will be necessary to decrease the 
density of the plating current to prevent the 
deposition of an excess quantity of coating 
raterial. 

It has been proposed that. coatings of different 
materials and/or of different thickness be elec 
troplated upon the two sides of strip material to 55 
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2 
neet the different functional requirements Of 
the coatings on the two sides of the strip. 
An object of the present invention is to pro 

wide a control system for an electrolytic process 
for Continuously treating a continuously moving 
le:gth of material which shall function to elec 
trolytically treat different portions of the length 
of naterial differently, and which shall function 
to SO control the Speed of travel of the length 
of naterial as to produce uniform treatment 
of the length of material regardless of changes 
of Speed of the length of material and/or the 
electrolytic current density. 
A further object of the invention is to pro 

Wide a control System for an electrolytic process 
for continuously treating a continuously moving 
strip of naterial which shall function to treat 
the two sides of the strip differently, and which 
shall so coordinate the current density acting 
(X) the two sides of the strip and the speed of 
travel of the Strip as to produce uniform treat 
ment of the two sides of the strip regardless of 
changes in the speed of travel of the strip 
through the process. 
These and other objects and advantages of the 

inve?tion Will be apparent from the following 
detailed description taken in connection with the 
aCCOE paying dra Wings which are a diagram 
matic representation of an electrolytic strip tin 
ning system enbodying the principal features of 
the invention. The drawings comprise Figs. 1d. 
and b, which when joined as indicated on the 
drawings constitute a single figure. 

Referring to the drawings for a general de 
scription of the invention, a length or strip of 
material 2 is drawn by means of motor driven 
pinch rolls 4 through electrolytic baths 6 and 
8 in Succession. One side of the strip 2 is sub 
jected to electrolytic treatment in the bath 6 
and the other side is subjected to treatment 
in the bath . Current is supplied to the elec 
trolytic hath 6 through a selectively variable 
voltage regulator , a transformer t2, recti 
fier units 4, 6, 8 and 2, and groups of recti 
fier Units 22 and 24. Current is supplied to the 
electrolytic bath 8 through the rectifier groups 
26, 28 and 3. 
A regulator 32 functions in response to the 

currents supplied to the electrolytic baths 6 and 
8 to So regulate the current in one of these 
baths as to maintain a predetermined propor 
tioi hetween the currents in the tWO baths. A 
raotor 3A drives the pinch rolls 4 and its speed, 
and therefore the Speed of the Strip, is controlled 
by a variable voltage generator 36 which ener 
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gire; the motor armature. A regulator 38 oper 
ates in response to the speed of the strip and 
the current, flowing to either selected one of the 
electrolytic baths to so control the voltage of 
the generator 38 as to maintain a predetermined 
relation between the strip speed and the elec 
trolytic current. 

Considering the invention more in detail, the 
generator 36 may be continuously driven by any 
suitable means such as an induction motor 40. 
An exciter generator 42 may also be driven by 
the notor a and is connected to energize the 
field Winding 43 of the generator 36. The ex 
citer generator 42 has main and auxiliary field 
windings 44 and 46. By means of the motor 
34 and the pinch rolls 4, the strip 2 may be 
drawn through the electrolytic baths 6 and 8 
over the sets of idling rolls 47 and 48 and the 
speed of the travel of the strip may be varied 
by varying the energization of field windings 44 
and li of the exciter generator 42 which in turn 
will vary the output potential of the generator 
3 and therefore the speed of the motor 34. 
The rectifiers 4, 6, 8 and 20 are connected 

to conductors 9 and 59 which in turn are con 
nected to the secondary winding of the trans 
former 2. A saturable reactor 52 is connected 
in circuit between the rectifier 4 and the sec 
ondary of the transformer 2 to vary the energi 
zation of the rectifier 4 by varying the imped 
ance in its alternating current circuit. The 
saturable reactor 52 comprises a core 54 on which 
there are wound alternating current windings 55 
and 58 and a direct current winding 60. The 
windings 58 and 58 are connected in series circuit 
with the rectifier 4 and the effective impedances 
of these windings is made to vary by varying the 
energization of the direct current winding 60 to 
thus vary the degree of saturation of the core 54. 
The winding 6 is connected to be energized by a 
generator 62 which is continuously driven by any 
Suitable rhotor 63. A variable resistor 64 is con 
nected in series circuit relation with the direct 
current winding 60 to provide further adjustment 
of the energization of the winding 60. The ener 
gization of the rectifiers 6, 8 and 20 may also 
be varied by means of saturable reactors 66, 68 
and 70, respectively, which are connected to be 
acted upon by the generator 62 simultaneously 
With the Saturable reactor 52 and Which have 
variable resistors connected in the circuits of 
their direct current windings similar to the Wari 
able resistor 64 which is aSSociated with the 
Saturable reactor 52. 
One direct current terminal of the rectifiers f4, 

6, 8 and 2) is connected to electrodes 72, 74, 
76 and 78, respectively, in the electrolytic bath 6. 
the other direct current terminal of each of the 
rectifiers 4, S, 8 and 20 is connected to a bus 
conductor 86 through shunt devices 82, 84, 86 and 
88, respectively, and the bus 80 is in turn con 
nected to the Several contact members 89 Which 
serve to conduct the current to the strip 2 
through the Several idling rolls 47. The shunt 
members 82, 84, 86 and 88 are connected to field 
windings 9, 92, 94 and 96, respectively, of a con 
tinuously driven direct current generator 98. 
The output potential of the generator 98 is ap 
plied to conductors O and O2. 
The boxed groups of rectifier units 22 and 24 

may each comprise a plurality of rectifier units 
and their control members associated with a cur 
rent responsive generator, such as the generator 
98, having their individual units controllable by 
the generator 62 and having their direct current 
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4 
terminals connected to energize the bus conductor 
8 and individual electrodes in the electrolytic 
bath 6. The current responsive generators aSSo 
-ciated with the groups of rectifiers 22 and 24 
may be connected in series circuit relation with 
the current responsive generator 98 so that the 
total potential on the conductors ( and 02 will 
be proportional to the sum of the currents Sup 
plied to the electrolytic bath 6 by the group of 
rectifiers comprising the units 4, S, 8 and 20, 
and the groups 22 and 24. 
The groups of rectifiers 26, 28 and 39 may be 

connected to supply direct current to the elec 
trolytic bath 8 similar to those associated with 
electrolytic bath 6 through a bus conductor 04 
and through connections of the individual recti 
fier units to the respective electrodes in the bath. 
The groups of rectifier units 26, 28 and 30 may 
be connected to be controlled by the variable 
voltage regulator f0. 
The groups of rectifier units 26, 28 and 39 may 

also each have associated thereWith a current 
responsive generator similar to the generator 98 
and these generators may be connected in cir 
cuit to energize conductor 6 and 08 which 
are connected to energize the regulator 32. The 
Saturable reactors of the groups of rectifier units 
23, 28 and 3() may be energized through conduc 
tors and if 2 by a generator 4 which is also 
continuously driven by the notor 63. The regul 
lator 32 is also responsive to the potentials on the 
conductors i and 2 which are connected 
there with by means of conductors 6 and 8. 
The regulator 32 may be selectively connected 

5 to energize either a field winding 29 of the gen 
erator 62 or a field winding 22 of the generator 
4 by means of a circuit selecting switch 24. 

The generators 62 and also have main field 
windings 23 and 28 whose energization may be 
varied by associated variable resistors 30 and 
32, respectively. 
The regulator 38 may be selectively connected 

to be energized by the potential on the conduc 
tors and 02 or the potentials on the conduc 
tors 93 and 02 by means of a circuit selecting 
Switch 34. The regulator 38 is also connected 
to be energized by a pilot generator 36 which is 
driven by the notor 34 and therefore has an out 
put potential proportional to the speed of the 
motor 34 and the strip 2. 
In the operation of the System when it is de 

sired to vary the speed of travel of the strip 
2 through the electrolytic baths 6 and 8, the 
Variable voltage regulator 9 may be actuated 
to vary the energization of all the rectifier units 
and thereby vary the amount of direct current 
Supplied to the electrolytic baths 6 and 8. As 
a result of the variation of the current supplied 
to the electrolytic baths the regulator 38 will 
So change the energization of the field winding 
46 of the exciter generator 42 as to so change 
the Output potential of the generator 36. This 
Will so change the speed of the strip driving 
motor 34 and vary the speed of the strip 2 as 
to maintain the desired proportionality between 
the total electrolytic current and the speed of the 
Strip. With this proportionality between the 
electrolytic current and the strip speed main 
tained at the desired value the thickness of the 
plate deposited upon the strip will be substan 
tially constant regardless of changes of the speed 
of the Strip and/or the electrolytic current. This 
proportionality between the speed of the strip 
and the electrolytic current may be varied by 
means of a variable resistor (38 in series with 
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the pilot, generator 3S which varies the energiza 
tion of the regulator 38 by the pilot generator 36 
per unit of speed of the strip 2. 

It will be noted that as the strip 2 passes 
through the electrolytic bath 6, a greater de 
posit of the plating material will be made on 
One Side of the Strip than the other because of 
the closer proximity of the plating electrodes 
to the one side of the strip as it passes through 
the , bath; When the strip passes through the 
electrolytic bath 8 in the reverse direction, how 
ever, it will be noted that the other Side of the 
Strip is exposed to the greater plating action. 
Thus, the two sides of the strip may be subjected 
to different amounts of electrolytic action or 
have deposited thereon different amounts of the 
plating material by varying the electrolytic cur 
rents Supplied to the strip by the separate baths 
6, and 8. 
The proportionate amounts of electrolytic cur 

rents supplied to the two baths 6 and 8 may be 
varied by varying excitations of the generators 
62 and f4 each of which simultaneously varies 
the alternating current energization of the recti 
fier units associated therewith by means of the 
Variation of the Saturation of their associated 
Saturable reactors. When it is desired to main 
tain a predetermined proportionality between the 
electrolytic currents acting in the baths 6 and 
8 to thus produce a predetermined proportional 
ity between the plating deposited on the two 
sides of the strip 2, a variable resistor 40 may 
be- so adjusted as to cause the regulator 32 to 
respond to variations from the predetermined 
proportionality and to vary the excitation of 
either the field winding f2) or 22 depending 
upon the position of the selecting Switch 24 
to thus so vary the electrolytic current in the 
Selected one of the baths as to maintain the 
desired proportionality. 

It is to be understood that the regulators 32 
and 38 may be any regulators in common use 
which Will respond to variations in the propor 
tionality of potentials applied thereto and func 
tion to control an electroresponsive element in 
response to variations in these potentials. Such 
a regulator and its functioning is shown and 
descirbed in a copending application of W. G. 
Cook, Serial No. 458,362, filed September 15, 1942, 
now Patent Number 2,427,661. 

It is further to be understood that the indi 
vidual rectifiers may be any rectifier elements 
now in common use whose direct current po 
tential varies with the alternating current poten 
tial applied thereto, and that any desired means 
for varying the reactances in series with the 
individual rectifiers may be employed in the place 
of the Specific Saturable reactors described 
herein. 
While the invention has been described as 

applying to two separate electrolytic baths merely 
for the purpose of illustrating one manner in 
which different electrolytic actions may be ef 
fected on the two different sides of a strip of 
material, it is to be understood that the invention 
may be applied equally Well to a System in which 
the sets of electrodes on the two sides of the strip 
are so disposed in a single bath and are so en 
ergized as to produce different electrolytic effects 
On the two different sides of the strip. 

It is also to be understood that the invention 
has been described in connection with the process 
of continuously electroplating a strip of material 
merely to illustrate one electrolytic process to 
which the system is applicable and that the 
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6 
system is equally, applicable to any of several 
electrolytic processes such as cleaning, a cons, 
tinuously moving strip of material and the like. 
Thus it will be seen that we have provided a 

control System for an electrolytic process for con 
tinuously treating a continuously moving length 
of material which shall function to electrolytic 
ally, treat different portions of the electrolytic 
material differently, and which shall function to 
so control the speed of travel of the length of 
material as to produce uniform treatment of the 
length of material regardless of changes of Speed 
of the length of material and/or the electrolytic 
current density. 
In compliance with the requirements of the 

patent statutes, we have shown and described 
herein a preferred embodiment of our invention, 
It is to be understood, however, that the inventior 
is not limited to the precise construction shown: 
and described but is capable of modification by. 
one skilled in the art, the embodiments herein. 
shown being merely illustrative of the principles. 
of our invention. 
We claim as Our invention: 
1. In a control system for an electrolytic proc 

ess employing a plurality of electrolytic baths, 
variable speed, means for causing a length of 
material which is to be electrolytically treated 
to move through the baths, means for Supplying 
current to the electrolytic baths, separate means 
for varying the current supplied to the separate 
baths, regulator means jointly responsive to the 
current flow in the separate baths, means for 
selectively connecting said regulator means in 
controlling, relation with one of Said current. 
varying means to maintain a predetermined ratio 
between the currents supplied to the separate 
baths, and means responsive to the Speed of 
travel of the strip and the current supplied to at 
least one of the baths for so controlling. Said 
variable speed means as to maintain a predeter 
mined relation between the speed of travel of the 
length of material through the baths and the 
current flow in the baths. 

2. In a control System for an electrolytic proc 
ess employing a plurality of electrolytic baths, 
variable speed means for causing a length of 
material which is to be electrolytically treated to 
move through the baths, means for supplying, 
current to the electrolytic baths, separate means 
for varying the current supplied to the separate 
baths, regulator means jointly responsive to the 
currents flowing in the separate baths, means. 
for selectively connecting said regulator means 
in controlling relation with one of said current 
varying means to maintain a predetermined ratio 
between the currents supplied to the separate 
baths, a second regulator means, means for selec 
tively connecting said second regulator means to 
respond to the current flowing in any of the 
electrolytic baths, means connecting the Second 
regulator means to respond to the speed of the 
length of material, and means controlled by the 
second regulator means for so varying the speed 
of said variable speed means as to maintain a 
predetermined relation between the speed of 
travel of the length of material through the 
baths and the current flow in the bath to which 
the second regulator means is selectively con 
nected. 

3. In a control System for an electrolytic proc 
ess employing a plurality of electrolytic baths, 
means for causing a length of material which is 
to be treated electrolytically to move through the 
baths, variable potential means associated witi's 
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each of the baths, means for varying the current 
flow in each of the baths in accordance with the 
output potential of its associated variable poten 
tial means, and regulator means jointly respon 
sive to the current flow in the separate baths for 
varying the potential of a portion of said variable 
potential means in accordance with the propor 
tions of the currents in the Separate baths to 
thereby maintain a predetermined proportion 
ality between the currents in the separate baths. 

4. In a control System for an electrolytic proc 
eSS employing a plurality of electrolytic baths, 
variable speed means for causing a length of 
material which is to be treated electrolytically to 
move through the baths, a generator associated 
with each of the baths, means for varying the 
current flow in each of the baths in accordance 
With the output potential of its associated gen 
erator, regulator means jointly responsive to the 
current flow in the separate baths for varying the 
potential of a portion of said generators in ac 
cordance with the proportions of the currents in 
the separate baths to thereby maintain a prede 
termined proportionality between the currents 
in the separate baths, and other regulator means 
responsive to the current in certain of said baths 
and the speed of travel of the length of material 
through the baths for So controlling the variable 
speed means as to maintain a desired propor 
tionality between the speed of the length of 
material and the current in the baths. 

5. In a control system for an electrolytic proc 
ess employing a plurality of electrolytic baths, 
Variable Speed Ileans for causing a length of 
material which is to be treated electrolytically to 
move through the baths, a generator associated 
with each of the baths, means for varying the 
current flow in each of the baths in accordance 
with the output potential of its associated gen 
erator, first regulator means jointly responsive to 
the current flow in the separate baths, selective 
circuit control means for connecting the regul 
lator means to vary the potential of a desired 
portion of the generators to thereby maintain a 
desired ratio between the currents of the Sep 
arate baths, second regulator means, means for 
selectively connecting said second regulator 
means to respond to the current flowing in any 
of the electrolytic baths, means connecting the 
Second regulator means to respond to the speed 
of the length of material, and means controlled 
by Said second regulator means for so varying 
the Speed of Said variable speed means as to 
maintain a predetermined relation between the 
speed of travel of the length of material through 
the baths and the current flow in the bath to 
which the second regulator means is selectively 
connected. 

6. In a control System for an electrolytic proc 
eSS employing a plurality of electrolytic baths 
for treating a length of material as it passes 
through the baths, a group of electrolytic current 
Supplying units associated with each of the baths, 
each unit of the groups connected to supply cur 
rent to individual electrodes of its associated 
bath, means for varying the current supplied by 
each of the current Supply units separately, 
means for varying the current supplied to each 
of the individual baths separately, means for 
varying the current supplied to the baths simul 
taneously, and means jointly responsive to the 
current flow in the separate baths for so actu 
ating the separate bath current varying means 
for certain of the baths as to maintain a pre 
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8 
determined relation between the currents of the 
separate baths. 

7. In a control System for an electrolytic proc 
ess employing a plurality of electrolytic baths for 
treating a length of material as it passes through 
the baths, a plurality of groups of rectifier units 
each connected to Supply current to a separate 
bath, first means for so adjusting the individual 
rectifier units of each group as to provide a de 
sired proportionality between the currents Sup 
plied by the rectifier units associated with each 
of the baths, second means associated with each 
of the groups of rectifiers which supply the sep 
arate baths for simultaneously varying the cur 
rent supplied by the rectifiers of the group, third 
means for simultaneously varying the current 
supplied by all of the rectifiers, and means jointly 
responsive to the current flow in the separate 
baths for So actuating said Second means associ 
ated with a portion of the baths as to maintain 
a predetermined proportion between the currents 
supplied to the separate baths. 

8. In a control System for an electrolytic proc 
ess employing a plurality of electrolytic baths, 
Variable Speed means for causing a length of 
material which is to be electrolytically treated in 
the baths to travel through the baths, a plurality 
of groups of rectifier units each connected to 
supply current to a separate bath, first means for 
So adjusting the individual rectifier units of each 
group as to provide a desired proportionality be 
tween the currents supplied by the rectifier units 
associated with each of the baths, second means 
aSSociated With each cf the groups of rectifiers 
which Supply the separate baths for simultane 
Ously varying the current supplied by the recti 
fiers of the group, third means for simultane 
Ously Varying the current Supplied by all of the 
rectifiers, means jointly responsive to the cur 
rent flow in the separate baths for so actuating 
the Second means associated with a portion of 
the baths as to maintain a predetermined pro 
portion between the currents supplied to the 
Separate baths, and regulator means responsive 
to the Speed of travel of the length of material 
and the current flowing in a portion of the baths 
for So controlling the variable speed means as 
to maintain a predetermined relation between 
the electrolytic current and the speed of the 
length of material. 

9. In a control system for an electrolytic proc 
eSS employing a plurality of electrolytic baths for 
treating a length of material as it passes 
through the baths, a plurality of groups of rec 
tifier units each connected to supply current 
to a separate bath, means for varying the po 
tential applied to the rectifier units from an 
alternating current source of power, a saturable 
reactor individual to each rectifier unit for con 
trolling the output thereof comprising an alter 
nating-current winding in circuit between the 
Source of alternating-current power and each of 
the rectifier units and a direct-current saturat 
ing Winding, individual means for varying the 
direct-current energization of each of the re 
actors, means individual to each group of re 
actors for varying the direct-current potential 
applied to the separate groups of reactors, and 
regulator means jointly responsive to the cur 
rent flow in the separate baths for so controlling 
a portion of the said potential varying means 
as to maintain a predetermined relation be 
tween the currents in the separate baths. 

10. In a control System for an electrolytic 
process employing a plurality of electrolytic 
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baths, variable speed means for causing a length. 
of material which is to be electrolytically treated 
to move through the baths, a plurality of groupS 
of rectifier units each connected to supply cur 
rent to a separate bath, means for varying the 
potential applied to the rectifier units from an 
alternating current power source, a Saturable re 
actor associated With each of the rectifier unitS 
comprising an alternating-current winding in 
circuit between the source of alternating cur 
rent power and each of the rectifier units and 
a direct-current saturating winding, individual 
means for varying the direct-current energiza 
tion of each of the reactors, means individual 
to each group of reactors for varying the direct 
current potential applied to the Separate groups 
of reactors, regulator means jointly responsive to 
the current flow in the separate baths for So 
controlling said potential varying means as to 
maintain a predetermined relation between the 
currents in the separate baths, and regulator 
means jointly responsive to the current flow in 
a portion of the baths and the Speed of travel 
of the length of material through the baths for 
so actuating said variable speed means as to 
maintain a predetermined relation between the 
current in the baths and the Speed of the length 
of material. 

1. In a control Syster for an electrolytic 
process employing a plurality of Separate groups 
of electrodes, means associated with each group 
of electrodes for Supplying electric current of 
variable amounts thereto from a power Source, 
control means for controlling each of said Cur 
rent supplying means to provide for individually 
controlling the current Supplied to each group 
of electrodes, and means including regulator 
means jointly responsive to the currents deliv 
ered by the current Supplying means to the 
separate groups of eiectrodes for controlling at 
least one of said control means to maintain a 
predetermined ratio between the currents in the 
separate groups of electrodes. 

12. In a control system for an electrolytic 
process employing a plurality of Separate groups 
of electrodes, means aSSOCiated. With each group 
of electrodes for supplying electric current of 
variable amounts thereto from a power Source, 
said means including a group of rectifier units 
and control means associated with each rectifier 
unit for individually controlling its output cur 
rent, means associated with each group of recti 
fier units for collectively controlling the control 
Ineans thereof, each of said means being oper 
able to cause its associated group of rectifiers 
to deliver a predetermined amount of current to 
its associated group of electrodes, means aSSo 
ciated with each group of rectifier units Operable 
to produce a control potential proportional to 
the current output thereof, regulator means 
jointly responsive to said control potentials, 
Switch means selectively operable to render any 
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one of the said means associated with each group 
of rectifier units responsive to said regulator 
means to thereby maintain a predetermined re 
lation between the currents delivered to the sepa 
rate groups of electrodes, and means for modi 
fying the effect of at least one of the said control 
potentials on the regulator means, thereby to 
Vary the ratio of the currents so maintained, 

13. In a control system for an electrolytic 
proceSS employing a plurality of electrolytic 
baths, motor-operated means for actuating a 
length of material to be treated through the 
baths, a variable-Voltage main generator for 
Supplying power to said motor operated means, 
an exciter generator for Said main generator, a 
pilot generato' Sctuated in accordance with the 
Speed of the length of material through the 
baths, a, plurality of rectifier units connected to 
each bath for supplying direct current thereto 
from a power Source, waiiable reactor means as 
Sociated with each rectifier unit for varying the 
potential applied thereto from the power source, 
a control generator associated with each group 
of rectifier units for collectively controlling the 
Variable reactor means thereof, means for driv 
ing Said control generators in unison, means for 
Selectively varying the output potentials of said 
control generators to individually control the 
current delivered to the separate baths by the 
Separate groups of irectifier units, generator means 
asSociated With each group of rectifier units 
Operable to produce a control potential propor 
tional to the total output current of each group, 
first regulator means responsive to said control 
potentials operable to also vary the output poten 
tial of Said contral generators to thereby main 
tain a predetermined ratio between the currents 
in the Separate baths, Second regulator means 
jointly responsive to at least one of said control 
potentials and the output potential of said pilot 
generator operable to control the excitation of 
the said exciter generator for the main generator 
to maintain a predetermined ratio between the 
Speed of the material and the current in the 
baths. 

GLENN E. STOLTZ. 
JOHN R. ERBE. 
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