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An apparatus for plating workpie-
ces by electrolytic treatment in several
steps comprises means (2) to hold and ro-
tate the workpiece (5), a plurality of elec-
trodes, at least one of which being adap-
ted, in each step, to be located at the
workpiece by means of a holder (10), and
means to supply, in each step, a certain
electrolyte to the region of the rotating
workpiece and the non-rotating electro-
de. A plurality of electrode holders (10)
with associated electrodes are arranged
on a common carrier (11), which is adju-
stably movable relative to the rotatable
workpiece (5) to selectively locate an op-

tional electrode holder with associated

electrode(s) intended for the desired -

treatment step in an operative position
relative to the rotatable workpiece. The

carrier (11) is preferably rotatable.
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A PLATING APPARATUS

TECHRICAL FIELD

The invention relates to an apparatus for plating workpieces
by electrolytic treatment in a plurality of steps, comprising means
to hold and rotate the workpiece, a plurality of electrodes, at least
one of which being adapted, in each step, to be located at the
workpiece by means of an electrode holder, and means to supply, in
each step, a certain electrolyte to the region of the rotating work-
piece and the non-rotating electrode, which during the treatment
is connected to one pole of a source of direct current, the other

pole of which is connected to the workpiece,
BACKGROUND ART

By means of this known apparatus, so called brush plating
may be carried out, which is an electrolytic method for metallizing
without need of immersing the workpiece in an electrolytic bath. In
each treatment step, one or more electrodes, normally anodes, which
typically are made of graphite and wound with an absorbing material,
such as cotteon or polypropylene wool or the like, are located
adjacent the rotating workpiece, the absorbing material being in
contact with the workpiece while the electrode proper may be located
at a distance of e.g. 0,5 mms or less from the workpiece. The elec-
trolyte is supplied to the zrea of the electrode and the workpiece
and metal ions are deposited from the elecirolyte on the surface of
the workpiece adjacent to the electrode. In order to obtain a ‘
complete plating treatment, several steps are reaquired, A first

step may be degreasing, a second activation or pickling, a third
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deposition of a binding metal layer and a fourth deposition of
the main metal layer. Each of said steps is carried out with a spe-

cific electrolyte and one or more specific electrodes.

Although it is possible with said apparatus to obtain high

gquality plating, there are nevertheless disadvantages as fo the

-efficiency thereof, In practice, an electrode holder is provided

to which a first electrode must be mounted for carrying aixt the
first treatment step, i.e. degreasing. In addition, z hose or

the like must be applied to the electrode to supply the degreasing
electrolyte to the electrode, When the degreasing step is termina-
ted, the electrode must be released from the holder and another
electrode, e.g. an electrode for a pickling electrolyte, be mounted
on the holder and in addition, another electrolyte container must
be taken to the wvicinity of the holder and connected to the pickling
electrode by a hose, In an analogous manner, the treatment proceeds
until the plating is cémpleted by deposition of the main metal
layer, In practice, such a plating operation may comprise four or
more treatment steps and it is evident that the treatment as =z

whole is very laborious.
DISCLOSURE OF INVENTION

The object of the invention is to eliminate the disadvantage
described above and enable a plating treatment as rapid and
efficient as possible. In particular, the invention aims at enabling’

fully automatic plating of workpieces in long series.

According to the invention this object is obtained in that a
plurality of electrode holders with associated electrodes are
arranged on a common carrier, which is adjustably movable relative
to said holding means and the roitatable workpiece to selectively
locate an optional electrode holder with associated electrode(s)
intended for the desired treatment step in an operative position
relative to the rotatable workpiece. In this way, it is possible
to rapiély and efficiently carry out severzal successive treatment
steps by moving the carrier relative o the workpiece so that the
holders in cuestion with associated electrodes seguentially are

brought into operative position relative to the workpiece without
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necessitating individual manipulating and mounting of electrodes.
It is preferred that the carrier is rotatable.
BRIEF DESCRIPTION OF DRLAWINGS

With reference to the appended drawings, a more specific

disclosure of an embodiment of the invention follows hereinbelow.

In the drawings;

Fig 1 is a perspective view of the apparatus, certain parts
being omitted for clarity;

Pig 2 is a top view of a portion of Fig 1;

Pig 3 is a composite cross section of 2 carrier of the appa-
ratus, the upper part in Fig 3 being a section along line.IIIa-IIIa
in Fig 1 and the lower portion of Fig 3 being a section along line
IITb-ITIb in Fig 1; and

Fig 4 is an enlarged detail view illustrating an electrolytic

treatnent step on the interior surface of a hollow cylirder.

BEST MODE

Fof

OR CARRYING OUT TEE INVENTION

The apparatus illustrated in'the drawings comprises a housing
1 containing suitable driveequipment to rotate a chuck 2. Workpieces
to be plated by the apparaius may be clamped in the chuck. In order
to support longer workpieces (see e.g. Fig 2, wherein the workpiece
is a long shaft 5) a tail siock 3 is provided having an adjustable
dog 4. The tail stock 3 is displacable along a guide beam 6, which
preferably is located above, suitably obliguely above the axis of
rotation of chuck 2, The guide beam 6 is at one end cornecied to

nousing 1 and at the other end carried by two struts 7.

In order to carry out plating of a workpiece by electrolytic
treatnent in several steps, a plurality of electrodes 8, 9 (see Fig
3) is required, at least orne of vwhich being adapted, in each step, to
be located at the workpiece 5 by a holder generally denoied 10. A
tlurality of holders 10 with associated electrodes are provided on
a comzmon carrier 11, which is movable relative to the workpiece to
enable an optional holder with associated electrode to be located in

operative position relative to the workviece,
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For clarity, only ore holder 10 is partially shown in Fig 1.
In Fig 2, a holder is completely illustrated with full lines wkile
several other holders 10 are partially indicated with dashed lines.
In the embodiment, the number of holders is 6 and it should in the
following disclosure be kept in mind that 2ll holders in practice
are identical., In Fig 3 a holéer 10 is illustrated in its entirety

while an addiftional holder is partially indicated,

The carrier 11 is in its entirety rotatable about a stationary
shaft 12 which is surrounded by a sleeve portion 13 of the carrier.
The carrier is hexagonal in plan view and adapted to carry six
electrolyte containers 14 appearing in Fig 1 but not illiustrated
in Fig 3. The electrolyte containers 14 are as many as the electrode
holders 10, The carrier 11 has an upper plate 15, a boittom plate 16
and an intermediate plate 17 located rather close to the upper plate
15. These three plates are interconnected by six vertical rods 18
arranged in the corners of carrier 11, The electrolyte containers
14 have a triangular form in plan view so that they, when they are
inserted into carrier 11, form a configuration corresponding to the
hexagonal shape of the carrier, The carrier 11 has no side walls so
that each electrolyte container 14 is insertable into the carrier
between two adjacent rods 18. Thus, the electrolyte containers are
eagsily removable from and insertable into carrier 11 if another
electrolyte would be required. Each electrolyte container has means,
such as 2 pump and necessary hoses, to supply electrolyte to the
region of the electrode(s) €,9, which are carried by the holder 10

located above the elecitrolyte container 14 in question.,

As appears by Fig 3, the sleeve 13 of the carrier is connected
to the bottom plate 16, To enable rotation of carrier 11 about
shaft 12, a schematically indicated transnission gear 59 is provided
thereon, said gear meshing with another diagrammatically indicated
gear 20 adapted 1o be driven by a motor 21 via a suitable trans-
mission 22, The motor 21 and {ransmission 22 are connected to plate
17 and accompany carrier 11 in its rotation while gear 20 is rolling
on the circumference of gear 19. Motor 21 is reversible to enable -

rotation of the carrier in either direction of rotation.
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The carrier 11 is displacable perpendicular to the axis of
rotation of the workpiece, This is obtained in that shafi 12 is
rigidly connected to a plate 23 movable along guides 24 extending
transversely to the axis of rotation of chuck 2. The guides 24 may
e.g. have an U-shaped cross section while angle pieces 25 may be
attached to plate 23, Suitable slide bearing elements 26 are
provided between guides24 on one hand and plate 23 and angle pieces
25 respectively on the other hand, To displace the carrier, plaite 23
is rigidly connected to a nut 27 meshing with a screw 28 (Fig 1)

rotatable by a motor 29 via a transmission 30,

Furthermore, carrier 11 is displacable along the axis of
rotation of chuck 2, The guides 24 are connected to *wo sleeves or
slides 31, on one of which motor 29 and transmission 30 are attached.
Said two slides 31 each runs on a guide 32, which are located spaced
from each other and parallel to the axis of rotation of chuck 2.
Guides 32 have the character of box girders and are at one end
connected to housing 1 and at their other end interconnected by a
cross piece 33 also connected to struts 7. A screw (not illustrated)
is provided in each box girder 32. Each box girder has a longitudinal
slot 33 and each slide has a projection (not illustrated) ﬁrovided
with a nut, said projection protruding dowm into the slot 33 so
that the nut meshes with the screw. The screws in the box girders
52 are in a suitable manner driven in synchronism so that slides 31
are displaced completely parallel to avoid seizure, To eliminate
entrance of pollutions into the interior of the box girders and
between slides 31 and the box girders7bellows 34 are preferably pro-
vided, only one of which is indicated in Fig 1, The bellow illusti-
rated therein is attached at one end to the slide 31 and at its
other end to housing 1 and surrounds partially the box girder
32. In analogy therewith, the other portions of the box girders 32
not covered by the slides 31 are surrounded by additional bellow
sgptions. The same may also be valid in connection with guides 24
and scréw 28. The bellows are particularly important since the appa-
ratus operates with electrolytes which could be disastrous to ihe
displacement component. It is evident that also the screws in box

girders 32 are reversibly driven.
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As appears by Figs 1-3, the holders 10 of the carrier 11 are distri-
buted azbout the circumference of the carrier and located in generally
the same plane. A bracket 35 is connected to the upper plate 15 of
carrier 11 and has six vertical holes 36'. Zach holder 10 (Fig 3)
comprises a first piston-cylinder mechanism 35 to move the asso-
ciated electrodes 8, 9 to and fro in a direction perpendicular to
the axis of rotation of carrier 11. The piston-cylinder mechanism
has two ears 37 engacing about a portion of bracket 35. A  screw
38 projects through ears 37 and one of the holes 36' in bracket 35
so that piston-cylinder mechanism 34 is connected to bracket 35

but pivotable in a plane perpendicular to the axis of rotation of
carrier 11. To secure the piston-cylinder mechanism in a desired
pivotable position, anangle piece 39 is connected to the cylinder
thereof, one flange 40 of said piece comprising a downwardly pro-
jecting screw 41 extending through a slot 42 in plate 15. A locking
nut 42' enables securing of the piston-cylinder mechanism in a
desired pivotal position., The piston rod 43 of piston-cylinder
mechanism 36 is attached %o a carrier plate 44 to which also the
cylinders of two other piston —cylinder mechanisms 45, 46 are
attached. Two holder members 47 and 48 are pivotably connected to
ears 49 attached to carrier plate 44 so that holder members 47, 48
are pivotable about generally horizontal pivotal shafts 50. The
holding members 47, 48 have each a projecting plate 51, to which
the piston rod-of the respective piston-cylinder mechanisms 45, 46
is connected in a pivotal manner (not illustrated) about shafts
parallel to shafts 50. Each of the holding members 47, 48 have a
sloping surface 52, on which the electrode 8, 9 is attached. In
practice, the electrodes 8, 9 are usually anodes and this dencmi-
nation will for simplicity be used hereinbelow. Each anode 8, 9

has in the embodiment a partially annular configuration to be able
to partially surround a workpiece in the form of shaft 5. Each
anode 8, 9 is in a way not illusirated adjustably connected to

the holding menber 47 and 48 respectively so that the anode may be

moved and secured in a desired position on sloping surface 52,
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The anodes 8, 9 are also readily removable from holding members

47, 48 to enable exchange of the anodes when a workpiece having

another form is to be plated. The supply of electrolyte to anodes

8, 9 and shaft 5 occurs via hoses communicating with associa%ed

electrolyte containers 14. In practice, the electrolyte supply may

occur via holes 53 in anodes 8, 9, sa2id hoses being connected to

said holes 53. Holding members 47, 48 are suitably manufactured

from metal but each includes, in order to avoid disturbance of the

plating, an electric interruption 54 obtained by an isolating

piece of plastics material comnecting the two spaced portions of

each holding member, To collect excessive electrolyte, the lower

holding member 48 carries a collecting vessel 55, which is Pro-

vided with an outlet (not illustrated) communicating via a hose

with the associated electrolyte container to return excessive elec—

trolyte thereto. It is evident that the length of holding members

47, 48 perpendicularly to the plane of the drawing (Fig 3) may be

optional in dependence upon the length of workpiece 5 and the same

applies for anodes 8, 9, Piston-cylinder mechanisms 36, 45 and 46

have in a known manner adjustment means (not illustrated) to enable

accurate regulation of the stroke of the piston~cylinder mechanism,

Furthermore, it is to be understood that piston-cylinder mechanism 36

in 2 known manner is provided with guide means to preventpiston rod

43 from rotating about its own axis.

In relation to Fig 3, it is to be noted that anodes 8, 9 need

not surround the entire circumference of workpiece 5, Anodes 8, 9

nust, however, extend zalong the workpiece for the length thereof

to te plated, In Fig 2 it is illustrated that the holding members

(only 47 is appearing) have an extent along workpiece 5, a shaft,

vhich is considerably less than the length of the shaft., In this

case 2lso anodes 8, 9 have an equally great orsmaller extent 2s or

than the holding members and it is evident that electrolytic treat-

ment and plating respectively only is obtained zlong the length of

the wotkpiece being in contact or close %o the anodes.

CUREAD
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Fiom the above, it appears that six different elecirolytic
treatment steps may be carried out with the apparatus according 3o
the invention, These different treatment steps are carried out by
different anode holders 10 and associated electrolyte containers 14,
To simplify the following disclosure, carrier 11 is in Fig 2 by
dashed lines divided into six triangular parts having a size
corresponding to each electrolyte container 14, Each of said
triangular parts representsan electrolytic treatment step and the
different parts are designated with the letters A~F. In practice,
the treatment step A may constitute degreasing by means of 2 de-
greasing elecirolyte in the associated electrolyte container. The
treatment steps 3, C and D enable activation treatments, such es
pickling, and the associzted electrolyte containers contain diffe-
rent activation electrolytes. The treatment step E may serve to
apply on the workpiece a primer or binder layer of a metal providing
the best adhesion of the material of which the workpiece is manu-
factured, Thus, there is in the associated electrolyte container a
sultable metal electrolyte., Finally, the treatment step F may serve
to apply on the workpiece the main metal layer and in the associa-
ted electrolyte container there is a suitable metal electrolyte for
this purpose, The last mentioned electrolyte may be selected to
obtain e.g., a good wear resistance, corrosion protection or other

desirable characteristics,

The apparatus according to the invention may e.g. be used to
repair cylindrical or conical curfaces on tools and machine parts
vhen they are subject to e.g. tolerance errors, wear, scores,
corrosion or impact marks., It is often possible to plate directly
to desired tolerance without subsequent machining but in case of
irregular wear, subsequent machining in the form of turning,

grinding, milling or polishing of the plating is normally reguired,

I DA
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The apparatus according to the invention is used as follows,
Reference is made to the case according to Figs 2-3 in which a shafi
5 is to be plated, If the entire envelope surface of shaft 5 is to
be plated, the anodes 8, 9 musit, as poinied out previously, have a
length corresponding to the length of shaft 5 and this is valid for
the anodes on all holders 10 to be used in the plating operation., In
a typical plating operation e.g, five treatment steps (say 4, B, D,
E and F) may be required., A particular advantage with the apparatus
according to the invention is that it makes it possible to automati-
cally plate large series of uniform workpieces, which e.g, may have
been manufactured to under-size. In such a fully automatic operation
the apparatus is adapted to be controlled via a computer having pre-
determined treatment programs or sequences, In order to carry out
plating of a series of shafts automatically, the actual ireaiment
step must first be adjusted, unless advanced automaitic sensing eli-
minates the need for manual adjustment. The manual adjustment, is,
however, carried out in such a way that after having provided hol-
ding members 47 and 48 of the holders 10 %o be used with suitable
anodes 8, 9 adapted to the shaft, the stroke of the piston-cylinder
mechanisms 36, 45 and 46 is adjusted so that anodes 8, 9 are located,
when the piston rods of the piston-cylinder mechanisms are extended,
in a correct position relative to a shaft 5 clamped in chuck 2, Before
this adjustment of the strokes of the piston-cylinder rechanisms is
carried out, the position of carrier 11 along guides 24 and 32 must
have been adjusted and secured, When now the necessary adjustment
operations have been carried out, an automatic plating operation
may be initiated by operating the mentioned compuier conitrol equip-
ment. With the chosen treatment sequence, carrier 11 is initially
rotated to the position according to Fig 2 so that f{reaiment step A
nay be carried out., The shaft 5 clamped in chuck 2 is rotated and
piston-cylinder mechanism 36 expands and pushes the holding mem-
bers 47, 48 towards shaft 5, When the piston rod of piston-cylinder
mechanism 36 has reached the extreme position, piston-cylinder mecha-
nisms45, 46 are automatically activated so as %o pivot holding mem-

bers 47, 48 from the inactive position indicated in Pig 3 with dashed
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lines towards a position closely adjacent shaft 5. Thereafter,

a degreasing electrolyte is pumped from elecirolyte container 14

in step A to anodes 8, 9 and is introduced through holes 53 into
contact with shaft 5, When this degreasing operation is terminated,
holding members 47, 48 are pivoted away by piston-cylinder mecha-
nisms 45, 46, whereupon piston-cylinder mechanism 36 retracts the
holding member. Carrier 11 is then rotated so as to locate treat-
ment step B opposite shaft 5 and a treatment step with an activa-
tion electrolyté is carried out in analogy with the degreasing
operation, In continued analogy with the degreasing operatiom,
treatment is then carried out with step C and an additional acti-
vation electrolyte, step E involving deposition of a binder layer
on shaft 5 from a metal electrolyte and finally step F involving

the final metallization with the main metal layer, During treaiment by
steps E and F the thickness of the deposited metal layer may be
sensed by a measuring device 56 diagrammatically indicated in Fig 3
and being of a known kind using optical or electroinductive measu-
ring of the thickness of the plating layer, Measuring device 56

may be adapted to automatically terminate plating steps®E and F when
required layer thickness is reached, Measuring device 56 may be con-

necied to a sleeve 57 movable along beam 6,

As 'has been described above, a large number of uniform work-
pieces may be rapidly and efficiently plated with the apparatus
according to the invention, Obviously, also shoriter series of work-
DPieces or individual workpieces may be plated more rapidly and ef-

ficiently as has hitherto been the case,

Since carrier 11 is not only rotatable but also displacable in
two directiomsperpendicular to each other, a great flexibility is
obtained and workpieces with markedly different shapes nay be plated,
Electrolyte containers 14 may easily be exchanged for readjustment
tetween different types of plating operations and this is also due

for anodes 8, 9 and their holding members 47, 48,
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In Fig 4 it is, as an example, illustrated how the iniernal
surface of a hollow cylindrical workpiece 5 is subjected to electro=
lytic treatment. In this case, piston-cylinder mechanism 46 of hol-
ding member 48 is switched off so that it continuously is in the
retracted position. The holding member 47 on the other hand is
illustrated with its associated anode applied on the internal
surface of cylinder 5, The anode 8 must of course in this case

protrude sidewardly relative to heclding member 47,

The invention is of course in no way limited to the embodiment
described above, Thus, carrier 11 may comprise more as well as
fewer (e.g. two) than six holders 10 and electrolyte containers 14.
Carrier 11 must not necessarily be rotatable but may instead comp-
rise a plurality of holders disposed side by side, which holders
may be brought into alignment with a workpiece by straightly linear
displacement of the carrier, Finally, manual displacement means are

conceivable instead of piston-cylinder mechanisms 36, 45 and 46,
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CLATMS

1. in apparatus for plating workpieces by electrolytic treatment
in a plurality of steps, comprising means (2) +to hold and rotate
the workpiece, a plurality of electrodes (8, 9), at least one of
which being adapted in each step to be located at the workpiece
by means of an elecirode holder (10), and means to supply, in each
step, a certain electrolyte to the region of the rotating workpiece
and the non-roitating electrode, which during the treatment is connec-
ted to one pole of a source of direct current, the other pole of
vhich is connected to the workpiece, characiteriged

in that a plurality of electrode holders (10) with associated
electrodes (8, 9) are arranged on a common carrier (11), which is
adjustably movable relative to said holding means and the rotatable

workpiece to selectively locate an optional electrode holder with

associated elecirode(s) intended for the desired treatment step in

an operative position relative to the rotatable workpiece,

2, Apparatus according to claim 1, characterized
by said carrier being rotatable about an axis perpendicular to the

axis of rotation of the workpiece,

3, Apparatus according to claim 1 or 2, characterized
in that the carrier (11) is provided with electrolyte containers
(14) in a number equal to the number of electrode holders (10),

each container being associated to means to supply electrolyte to

the region of one of the electrode holders,

4, Apparatus according to any previous claim, characteri-

z e d in that the carrier (11) is movable along the axis of rotation

of the workpiece,

5. tpparatus according to any previous claim, characteri-
z e d in that the carrier (11) is movable at an angle to the axis of

rotation of the workpiece.
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6. Apparatus according toclaim 2, characterized
in that the holders (10) of the carrier are distributed about the
circumference of the carrier and located generally in a cormon

plane perpendicular o the axis of roitation of the carrier (11).

7, Apparatus according to any previous claim, charact e-
T i zed in that each of the holders (10) is adapted to move its

associated electrode (8, 9) towards and away from the workpiece (5).

8, Apperatus according toclaim 7, characterized in
that each of the holders (10) comprises at least one first opera-
ting means (36) to move the electrode (8, 9) associated with the
holder to an initial position rather close to the workpiece and

at least one second operation means (45, 46) to move the electrode
from the initial position to an operative position closely adjacent

the workpiece,

9. Apparatus according to claim 8, characterized in
that the first operating means (36) is adapied to move the electrode
in a linear path, while the second operating means (45, 46) is adap-
ted to pivot the electrode (8, 9) about a pivotal axis (50) perpen-

dicular to said path.

10, Apparatus according to any previous claim, characte-
r i zed in that the electrode (8, 9) is adjustably and easily

removably securable to its holder (10).
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