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[57] ABSTRACT

An electroplating roll is provided with a plurality of
electrically conductive, contiguous segments insulated
from one another and arranged on rotation to make
electrical contact consecutively with a synchronously
advancing metallic strip submerged in an electroplat-
ing bath to feed electric current to the strip. A com-
mutator connects the segments consecutively to a
source of electrical potential in a manner such that
only segments of the roll which are entirely in contact
with the strip are feeding current to the strip. With
this electroplating roll, arcing caused by initial contact
of the strip with the conductor ring and consequent
burning of the strip becomes negligible. Control of
electroplating current flow selectively to individual
segments of the conductor ring also permits better
control of the rate of plating of the strip in contact
with the roll.

14 Claims, 6 Drawing Figures
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APPARATUS FORE RILECEPRCP ATTING

BACKGROUND Gb THE INVENTION

The present invention relates te
plating or clectrodepositing, In one of s aspects the
invention relates to clectroplating the surthce of an
electrically conductive strin or web of matertal. In an-

the tield of clectro-

other of its aspects the invention relates 1o the use of

an electroplating drum or volf in un clectroplating oper-
ation. In one of iis concepts the invention relates to
electroplating a surface of a strip of electrically con-
ductive material passed around an electroplating roll
with the strip of material in contact with the roll sub-

merged in an electrolytic solution during the period of

electroplating.

In the electroplating of a strip or web of material it
is common practice to pass the strip of material around
an electroplating roll so that there is contact between
one surface of the strip and an electrically conductive
circumferential ring on the suituce of the cylindrical

roll. The electroplating roll is submerged in a bath of

electrolyte to a depth. usually to the center of the circu-
lar end plane of the cylinder, that assures maximum
contact between the surface of the strip and clectrolyte
on one side of the strip while contact is muintained be-

tween the electroplating roll and the opposite side of

the strip. During the piating cycle the cylindncal roll is
rotated, moving the strip around the roll as alectrical
current is passed from an insoluble anode in the elec-
trolytic bath through the cleciroiytic bath und the strip
to the electrically conductive circutaferential ring on
the roll, thereby causing deposition from the electro-
lyte onto the surface of the strip exposed to the cleciro-
lyte.

One of the major problems associated with the opera-
tion of a continuous coating roll as described above 1s
that arcing occurs between the strip and the conductor
ring of the coating roll at the point of first contact. in
continuous plating operations the circumferential con-
ducting ring on the electroplating roll is maintained at
a constant voltage which it 1 believed causes o prefer
ential flow of current at the first arca of contact be-
tween the strip and the conductor roll. This can estab-
lish a transfer of current cafled contact in which
all of the current is transterred within the small area
which is the width of the initial line of contact times its
length. At the high curtent flows re guired in electro-
plating operations, intense arcing fakes place along this
line of contact. The arcing s of sufficient inlensity to
burn this strip. The degrec of arcing is intensificd when
intitial contact between the strip und ibe circumferen-
tial conductor occurs abovs: the suiiace of the electro-
Iytic bath.

It is therefore an object of this nvention to provide

Jine™

a method for electroplating a strip or web of electri- ‘

cally conductive material by which arcing of the strip
and consequent burning of the strip can be inade negli
gible.

It is a further object of this Inveniion to provide a
method for electroplating a strip of inaterial in which
the initial application of an clectroplating careent to
the strip can be controlled to take place along a line be-
neath the surface of the clectioly e Bath as he strip s
moved in contact with an clectraphating roli through an
electroplating bath. ‘

It is another object of this inveniion to provide an
electroplating apparatis in which he clectroplating
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i from the anode through the electrolyte
to the conductive clectroplating roll can be varied as
the suthmuerged portion ot the conductive roll surface is
rotated i the clectrolyte bath, ’

It is still another object of this invention to provide
ai electroplating conductive roll comprising a plurality
of ¢lectrically conductive members, electricé]ly insu-
lated (rom one another extending in the direction of the
axis of rotation of the rall and to form a segmented cir-
cumferential ring of electrical conductors around the
cylindrical surface of the roli.

These and other objects and the advantages of the in-
rention will become apparent from the following de—
scription of the embodiments of the invention.

FIG. 1 is a perspective view of an electroplating dp-
paratus incorporating the present invention;

FIG. 2 is a schematic view in section taken on the line
2.-2 of FIG. 1,

FIG. 3 is a schematic view in section taken on the line
3--30f FIG. 1;

FIG. 4 is u schematic representation of an apparatus
of FIGS. 3 and 4 showing a split commutator brush
joined electrically to a split anode;

FIC. 5 is a schematic representation of electroplating
apparatus in accordance with this invention arranged in
serics so0 that both sides of the strip can be plated in
continuous operation, and

FIG. 6 is a perspective view of a preferred embodi-
ment of the electroplating roll structure shown sche-
matically in the preceeding figures.

Referring now to FIG. 1 for the general arrangement
of an apparatus of the invention, it can be seen that an
electrically conductive strip 1 is passed across a direct-
ing rol! 3 and thence around a conductive electroplat-
ing roll indicated generally at 5 partially submerged in
an electrolytic solution 9 in a bath tank 7 for containing
the electrolyte solution, and thence around second di-
recting roll 11. The directing rolls 3, 11 are aligned
with the electroplating conductive roll 5 so that the
strip 1 is maintained against the circumferential surface
of the conductive electroplating roll § rotating i a
clockwise direction.

The electrolyte solution ¢ is in contact with the side
10 of the strip 1 that is away from the conductive elec-
troplating roll (FIG. §).

Contained within the electrolytic bath 9 in a position
sufficiently removed from strip 1 to prevent direct
contact with the sirip 1 passing around the electroplat-
ing roll 5 is an insoluble anode 13. In general applica-
tion, this anode means will have a configuration that
conforms to the surface contours of the electroplating
roii 5 so that the anode means can be described gener-
aliy as a hollow cylindrical shape with diameter suffi-
ciently larger than the electroplating roll § to accomo-
date the clectroplating roll and the strip being plated
within its cylindrical arc without direct contact be-
iween the surface of the anode and the near adjacent
surface of the strip. The clectrolyte solution 9 within
the bath tank 7 is in contact with the surface of the
anode 13 so that the passage of electrical current from
the anode 13 through the electrolyte 7, through the
strip 1 heing treated. and to the discontinuous conduc-
tive ring formed by the electrically conductive seg-
ments 15 of the electroplating roll will cause deposition
of metal fron the electrolyie onto the surface of the
strip with which the electrolyte is in contact. '

Clrent puss
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The electrically conductive roll designed for use in
this invention is schematically illustrated in FIG. 1 as an
elongated cylinder composed of electrically conductive
segmental elements 15 spaced in side-by-side circum-
ferential arrangement to form the major portion of the
cylindrical surface of the roll and insulated each from
the other by electrically nonconductive members 17
which join together to form a core carried by a shaft 18
(FIG. 2). Electrically conductive elements 15 are indi-
vidually connected to a means by which the flow of cur-
rent through each member can be selectively con-
trolled. In FIG. 1 the connecting means are shown as
electrically conductive members 19 forming part of a
drive shaft indicated generally at 21. These conductive
members 19 are spaced each from the other and can be
insulated from one another by electrically nonconduc-
tive members 23 forming part of the drive shaft 21.
This shaft is connected in turn to a commutator roll in-
dicated generally at 25 which is also divided into elec-
trically conductive elements 27 insulated each from the
other by electrically nonconductive members 29 which
join together to form a core carried by a shaft 30 (FIG.
3). Thus the electroplating roll 5, the connecting shaft
21 and the commutator roll 25 each contains electri-
cally conductive elements spaced around a cylindrical
insulating core and electrically insulated each from the
other to form in the cases of roll § and roll 25 a seg-
mented electrically conductive ring.

If desired, insulation (not shown) may cover the elec-
trically conductive elements of connecting shaft 21.
This shaft passes through an electrolyte retainer 37
with either the shaft rotating relative to the retainer or
the retainer rotating relative to bath tank 7. The dis-
continuous commutator ring formed by the electrically
conductive elements 27 of the commutator roll 25 is
connected through a brush member 33 into an electri-
cal circuit 34 including a source of electrical potential
35 and anode 13 in the bath tank 7.

As can be seen, the electrical connection between
brush member 33 and the electrically conductive ring
of the commutator is so arranged that only a predeter-
mined number of the electrically conductive members
27 are energized at any one time. As the electroplating
roll § is rotated by movement of strip 1, shaft 21 causes
commutator roll 25 to be rotated and electrically con-
ductive elements 27 of the commutator roll 25 are en-
ergized and then de-energized as the elements pass in
contact with the brush of the commutator. This causes
current flow through the corresponding electrically
conductive elements 19 and 15 of the shaft and electro-
plating roll, respectively.

Basic to the electroplating apparatus and method of
this invention is the segmented electroplating roll § as
schematically illustrated in FIG. 1 and as described
above. The provision of the electrically conductive seg-
mented ring at the roll surface permits control, hitherto
unknown in the art, of the area of electrical contact be-
tween the strip being plated and the surface of the elec-
troplating roll.

As will be shown in the discussion of the method of
electroplating using the apparatus of the invention, the
electroplating roll 5§ can have its surface divided into
any number of electrically conductive elements 15 with
four conductive members being the minimum effi-
ciently operating number. It can readily be seen that
the greater the number of conductive members, up to
the number where practicality is the limit, the greater
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the control that can be exercised over the portion of
the surface of the roller through which electrical cur-
rent is passed. For reasons of practicality, the number
of conductive segments will generally be between four
and twelve.

Referring now to FIGS. 2 and 3 of the drawing, an
operation of electroplating one face of a strip by the
process of this invention can be described. As illus-
trated in FIG. 2, the strip of material 1 is passed around
a portion of the circumferential face of electroplating
roll 5. The electroplating roll as shown in this view has
its eight electrically conductive elements identified sep-
arately as 15A through 15H for better elaborating on
the method of using the apparatus. Similarly the drive
shaft 21 has its eight electrically conductive members
elements separately identified as 19A through 19H.
Each of the electrically conductive elements 19 of the
drive shaft is aligned to connect with an electrically
conductive element 15 of the electroplating roll. Simi-
larly in FIG. 3 the commutator roll 25 has its eight elec-
trically conductive elements separately identified as
27A through 27H, each aligned with a conductive ele-
ment 19 of the drive shaft so that in FIGS. 2 and 3 elec-
trically conductive elements 15A of the electroplating
roll, 19A of the drive shaft, and 27 A of the commutator
roll form a continuous electrical conductor or conduc-
tive element. Similarly, each of the elements marked B
through H are connected to form continuous electrical
conductors comprising a conductive element of the
electroplating roll, a conductive element of the drive
shaft and a conductive element of the commutator roll.

As shown schematically in FIG. 2, in operation, a
strip 1 is passed around the circumferential face of
electroplating roll 5 so that the initial point of contact
6 between the roll 5 and the strip 1 can be in the neigh-
borhood of but preferably at or above the surface 37 of
the electrolyte solution 9 contained in the electrolytic
bath 7. Electrolyte 9 is supplied through conduit 45 and
withdrawn through conduit 46 to maintain the level
within the bath and also to maintain the desired tem-
perature within the bath.

The commutator roll 25, the same drive shaft 21 and
the electroplating roll 5 rotate synchronously so that
the electric current can be caused to flow successively
through electrically conductive elements of the electro-
plating roll 5, the drive shaft 21 and the commutator
roll 25. AS can be seen in FIG. 3 with the commutator
brush 33 positioned so that electrical contact is estab-
lished between electrically conductive elements 27G
and 27H and the correspondingly numbered electri-
cally conductive elements of shaft 21 and electroplat-
ing roll 15G and 15H, a clockwise rotation of the roll
will establish electrical contact between the commuta-
tor brush and electrically conductive element 27A soon
after the corresponding electroplating electrically con-
ductive element 15A is submerged in the electrolyte 9.
Electrical contact is maintained with element 27G until
the leading edge of the corresponding element 15G is
just below the surface 37 of the electrolyte 9 and before
element 15G emerges from the surface 37 of the elec-
trolyte 9. By this arrangement electrical current can be
caused to flow through three elements at a time of the
electroplating roll 5, e.g. 15G, 15H, 15A. Electrical
flow is maintained only in that portion of the commuta-
tor roll 2§ that is connected to the portion of the elec-
troplating roll § that is submerged in the electrolyte 9.
Similarly, element 27B and each of the other conduc-
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tive commutator elements 27 is successively rotated
into contact with the brush member 33 as elements
27G, 27H, and 27A are passed out of contact. No cur-
rent flows to the electrically conductive elements 15 of
the electroplating roll § that are not submerged in the
electrolyte 9. Line contact above the surface of the
electrolyte between the strip 1 being plated and an en-
ergized portion of the electroplating roll § is avoided.
Suitable adjustment of the size of the area of contact
between the commutator roll 25 and the commutator
brush 33 can be made to expand or limit the area of
electrical contact in which current will be passed be-
tween the electroplating roll 5 and the strip 1 being
plated. Since the strip 1 is electrically conductive, some
electric current will flow along the length of the strip
from each side of an energized element 15. In view of
the higher resistance of this path the current flow will
be minimal; however with a larger number of elements
15 and 27 in the rolls § and 25, the brush area must be
limited to prevent an energized element 15 from com-
ing too close to the electrolyte surface 38.

It is also within the scope of the invention to provide
a split commutator brush 33 or other control means by
which the flow of current can be increased and de-
creased through certain conductive members of the
electroplating process. This is illustrated in FIG. 4 using
a split commutator brush 33. As commutator member
27A rotates clockwise into successive contact with
members 33A, 33B and 33C of the brush having each
of these brush members connected individually
through controlled electrical sources 35A, 35B, 35C,
to corresponding members of a split anode 13A, 13B
and 13C, current of differing intensities are passed
through the aligned members. The plating current can
be made progressively greater through each successive
member of the brush 33A-33C or the current of great-
est intensity can be that applied as the strip is at the
midpoint of travel through the plating bath (in electri-
cal connection with 33B). The sizing and spacing of the
conducting portions of the brush can also be advanta-
geously varied causing the current flow to fluctuate in
any conductive element of the roll 5 as contact be-
tween the commutator roll elements and any conduc-
tive element of the brush is made or broken. Referring
to FIG. 4, as the conductive elements move clockwise,
there will be an interval in which both 27H and 27A are
in contact with 33A and 27H is also in contact with
33B. During this period the current flow in 33A and
33B can be held equal but the current flow in 33B can
be sequenced by variable resistances 48 to increase as
soon as 27H is no longer in contact with 33A. Similarly
the current flow in 33B can be decreased coincident
with contact of 27H with 33C.

Referring to FIG. 5, a two step system is illustrated
with a strip 1 being passed around two electroplating
rolls 5, 5 of this invention in series so that both sides 10,
10 of the strip 1 can be electroplated. The system illus-
trated involves the use of two electroplating rolls §, §
as described above, so arranged that a continuous strip
1 of material is passed around the electroplating roll §
and then a second roll § in series, with the electroplat-
ing roll rolls §, § operated to rotate in opposite direc-
tions. The illustrated counter rotation arrangement is
most practically arranged with one clectroplating bath
7 located above the other with the electrically conduc-
tive web 1 passed around suitable intervening rolls 39,
41 which permit the spacing necessary to cause the side
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10 of strip 1 left unplated in passage around roll 5§ to
be in contact with the electrolyte 9 in passage around
roll §.

Means for completing the electrical circuit through
the roll system can be made a part of a drive shaft as
illustrated in FIG. 1. A preferred embodiment of the
roll system of the present invention is illustrated in FIG.
6 in which like elements are numbered as in FIG. 1 but
primed. In FIG. 6 the electrically nonconductive drive
shaft 21’ is surrounded by rigid electrically conductive
rods 19’ equal in number to the number of electrically
conductive segmental elements 15’ of the electroplat-
ing roll §’. Each conductive rod 19’ is attached at one
end to one conductive element 15’ of the electroplating
roller 5' and attached at the other end to one electri-
cally conductive element 27’ of the commutator roller
25°.

This configuration requires a special sealing member
50 for sealing the drive shaft 21’ and conductive rods
19’ as they pass through the end 36’ wall of the electro-
lytic bath tank 7. The seal can be formed from a round
disc 52 of electrically nonconductive material, inert to
the electrolyte, which is sufficiently greater in diameter
than the distance of the conductive rods 19’ from the
center of the drive shaft 21’ so that the conductive rods
19’ are insulated from contact with the electrolytic
bath tank 7 and the material of the sealing member
forms a liquid tight seal with the connecting rods 19’
and shaft 21’. As shown, the seal can be suitably
grooved at 54 to maintain rotating, sealing contact with
the wall of the electrolytic bath tank 7 to prevent flow
of electrolyte 9 from bath tank 7. In such a configura-
tion the seal can or need not be formed of a material
of sufficient strength to bear part of the weight of the
electroplating roll apparatus, bearings, not shown,
being supplied for the shaft 21’ in any case. Such a seal-
ing member is similar to that required for passing the
drive shaft 21 alone, as shown in FIG. 1, through the
wall of the electrolytic bath tank 7.

The roll system of the embodiment illustrated in FIG.
6 is formed by taking a steel shaft 21" and mounting on
it cylindrical insulating core members 17’ and 29’
which have channels machined in them to receive elec-
trical conductive segmental elements 15’ and 27’.
These electrically conductive elements are firmly af-
fixed in place in the channels by any suitable means
with their outer surfaces forming part of the overall cy-
lindrical surfaces of roll 5’ and commutator member
25'. Preferably core member 17’ entirely encloses the
inner sides of conductive elements 15’ over that por-
tion of the roll 5—5 which contacts the strip, leaving
exposed to the electrolyte bath only the cylindrical sur-
face of each conductive element in that portion of the
roll surface which contacts the strip, herein termed the
effective portion of the roll surface. Prior to assembly
of the conductive elements 15’ and 27’ and insulating
core members 17’ and 29’ into the roll system, conduc-
tive rods 19" and nonconductive sealing disc 50 are
asembled on and around shaft 21’. The entire assem-
blage is then brought together with conductive ele-
ments 15’ and 27’ snugly receiving the ends of conduc-
tive rods 19’ in electrically conducting relationship. In
this manner, each conductive element 27’, associated
rod 19’ and associated conductive member 15° to-
gether form a continuous electrically conductive struc-
ture for supplying current for carrying out the desired
plating operation.
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It will be apparent that the structure illustrated in
FIGS. 1-3, like that of FIG. 6, can be considered as
having two cores made up of nonconductive members
17 and 29 with their internal connecting structure car-
ried by a shaft which extends between the cores and in
the FIGS. 1-3 embodiment carries connecting electri-
cally conductive members 19 and nonconductive mem-
bers 23.

We claim:

1. An electroplating apparatus comprising

a. bath container means including walls for holding
an electrolyte,

b. an elongated shaft in the bath container means
having one end portion extending through one wall
of the bath container means,

¢. an electroplating contact roll for passing conduc-
tive strip to be plated through the bath carried by
the shaft and partially submerged in the electrolyte,
the contact roll including a core member and a plu-
rality of circumferentially spaced, electrically con-
ductive segmental elements, elongated in the direc-
tion of the longitudinal axis of the shaft, affixed to
the core member, the outermost surfaces of the
plurality of segmental elements relative to the lon-
gitudinal axis of the shaft being of substantial area
and falling in a cylinder having the longitudinal axis
of the shaft as its center line,

d. an anode structure submerged in the electrolyte
and having surface portions contiguous to but
spaced from the electroplating roll,

e. an electrolyte retainer means surrounding the shaft
where the shaft passes through the wall of the bath
container means, and

f. means carried by said one end portion of the shaft
outside of the bath container means for delivering
electrical current selectively to each of the segmen-
tal elements.

2. The structure of claim 1 in which means (f) com-

prise

g. a second core member formed of electrically non-
conductive material affixed to and surrounding the
said one end portion of the shaft,

h. a plurality of circumferentially spaced, second
electrically conductive segmental elements, affixed
to the second core member, the outermost surfaces
of the plurality of second segmental elements rela-
tive to the longitudinal axis of the shaft being of
substantial area and falling in a second cylinder
having the longitudinal axis of the shaft as its center
line, and

i. an electrical conductor electrically connecting
each electrically conductive segmental element of
limitation (c) to a second electrically conductive
segmental element of limitation (h).

3. The structure of claim 2 in which

j. the electrolyte retainer means is affixed to the
shaft, the electrical conductors of limitation (i)
pass through the electrolyte retainer means and the
electrolyte retainer means space the elcctrical con-
ductors from the shaft.

4. The structure of claim 3 in which

k. the nonconductive material of the first claimed
core member in the effective portion of the roll ex-
tends between and separates opposed surfaces of
adjacent first claimed electrically conductive seg-
mental clements, the outermost surfaces of the
nonconductive material of the first claimed core
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member relative to the longitudinal axis of the shaft
falling substantially in said cylinder.

5. The structure of claim 4 in which

1. electrically conductive brush means for supplying
electric current to the second segmental elements,
having an electrical contact area complementary in
shape to and coinciding with the second cylinder,
make simultaneous electrical contact with a plural-
ity of adjacent second segmental elements in num-
ber such that less than one half of the total number
of second segmental elements are in electrical
contact with the brush means at any one time dur-
ing revolution of the structure about the longitudi-
nal axis of the shaft.

6. The structure of claim 5 in which the brush means

of limitation (1) comprise

m. a plurality of electrically conductive segments in-
sulated from one another and disposed in circum-
ferentially spaced relation in respect to the second
cylinder and having areas of electrical contact
complementary in shape to and coinciding with the
second cylinder, and

n. separate electric circuit means connections for
each segment of the brush means.

7. The structure of claim 1 in which

g. the nonconductive material of the core member in
the effective portion of the roll extends between
and separates opposed surfaces of adjacent electri-
cally conductive segmental elements, the outer-
most surface of the nonconductive material of the
core member relative to the longitudinal axis of the
shaft falling substantially in said cylinder.

8. The structure of claim 2 in which

j. the nonconductive material of the first claimed
core member in the effective portion of the roll ex-
tends between and separates opposed surfaces of
adjacent first claimed electrically conductive seg-
mental elements, the outermost surfaces of the
nonconductive material of the first claimed core
member relative to the longitudinal axis of the shaft
falling substantially in said cylinder.

9, The structure of claim 8 in which

k. electrically conductive brush means for supplying
electric current to the second segmental elements,
having an electrical contact area complementary in
shape to and coinciding with the second cylinder,
make simultaneous electrical contact with a plural-
ity of adjacent second segmental elements in num-
ber such that less than one half the total number of
second segmental elements are in electrical contact
with the brush means at any one time during revo-
lution of the structure about the longitudinal axis
of the shaft.

10. The structure of claim 9 in which the brush

means of limitation (k) comprise

1. a plurality of electrically conductive segments insu-
lated from one another and disposed in circumfer-
entially spaced relation in respect to the second
cylinder and having areas of electrical contact
complementary in shape to and coinciding with the
second cylinder, and

m. separate electric circuit means connections for
each segment of the brush means.

11. The structure of claim 3 in which

k. electrically conductive brush means for supplying
electric current to the second segmental elements,
having an electrical contact area complementary in
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shape to and coinciding with the second cylinder,
make simultaneous electrical contact with a plural-
ity of adjacent second segmental elements in num-
ber such that less than one half the total number of
second segmental elements are in electrical contact
with the brush means at any one time during revo-
lution of the structure about the longitudinal axis
of the shaft.

12. The structure of claim 11 in which the brush

means of limitation (k) comprise

1. a plurality of electrically conductive segments insu-
lated from one another and disposed in circumfer-
entially spaced relation in respect to the second
cylinder and having areas of electrical contact
complementary in shape to and coinciding with the
second cylinder, and

m. separate electric circuit means connections for
each segment of the brush means.

13. The structure of claim 2 in which

j- electrically conductive brush means for supplying
electric current to the second segmental elements,
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having an electrical contact area complementary in
shape to and coinciding with the second cylinder,
make simultaneous electrical contact with a plural-
ity of adjacent second segmental elements in num-
ber such that less than one half the total number of
second segmental elements are in electrical contact
with the brush means at any one time during revo-
lution of the structure about the longitudinal axis
of the shaft.

14. The structure of claim 13 in which the brush

means of limitation (j) comprise

k. a plurality of electrically conductive segments in-
sulated from one another and disposed in circum-
ferentially spaced relation in respect to the second
cylinder and having areas of electrical contact
complementary in shape to and coinciding with the
second cylinder, and

. separate electric circuit means connections for

each segment of the brush means.
* » L » "



