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1

Our invention relates to improvements in a
process and apparatus for electrolytically treat-
ing metal surfaces with special reference to elec-
trolytically polishing and etching the surfaces
‘'of metallurgical samples and other objects, the
general process and apparatus having been dis-
closed in U. S. patent applications Serial No.
548,841 filed August 10, 1944, now abandoned, and
Serial No. 697,765 filed September 18, 1946 in the
name of Clarence W. Hangosky, the disclosures
whereof, in so far as consistent herewith, being
hereby incorporated and made a part hereof by
reference.

An important object of our invention is the
provision of a compact and efficient apparatus
which, even in the hands of a relatively unskilled
operator, will safely and consistenfly reproduce
polished and etched surfaces of a superior char-
acter on many metals and alloys.

Further objectives include the provision of novel
means for safely employing combustible or ex-
plosive reagents, for supplying various necessary
electric currents having predetermined charac-
teristics, and the provision of a new and im-~
proved cathode structure adapted to increase the
quality of the etched or polished surface.

Other objects and advantages will become ap-
parent from the following specification and from
the drawings in which

Figure 1 is a perspective view of our assembled
device;

Figure 2 is a partially sectioned view of the
processing unit of our device together with a por-
tion of the housing therefor;

Figure 3 is a partially sectioned perspective view
showing the relative disposition of the compo-
nents;

Figure 4 is a partially sectioned top view of our
processing unit;

Figure 5 is a section taken along the lines
5—5 of Figure 2;

Figure 6 is a partially sectioned top view taken
along the lines 6—6 of Figure 2;

Figure T is a partially sectioned top view of a
clamping device;

Figure 8 is a circuit diagram of the current
supply and control means;

Figure 9 is a perspective view showing the
processing unit removed;

Figure 10 is a vertical section of an explosion
safety device; and

Figure 11 is an enlarged section of an object
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support and associated structure illustrated in
Figure 2.

To obtain satisfactory and reproducible elec-
trolytically polished and/or etched surfaces, par-
ticularly on metallurgical samples, it has been
found necessary to control not only the current
but also the character of the interface between
the electrolyte and the sample or metal object
which constitutes the anode of a suitable electric
circuit.

In the present invention we obtain satisfactory
control of the interface by supporting the sam-
ple or object to be freated cver an aperture into
which is directed a fountain of electrolyte carry-
ing the etching or polishing current. The struc-
ture of our device and the arrangement of the
component parts is such that there is imparted
to the fountain of electrolyte at the point of
contact with the sample a low and substantially
even cross-sectional velocity which is character-
ized in free flow (i. e, when the sample is re~
moved) by a substantially flat crest, and which
provides means for uniformly and continuously
eliminating from the interface bubbles formsed
during the process. Since some of the most de-
sirable reagents used in the preparation of elec-
trolytic solutions are inflammahile, corrosive and,
in some instances, explosive, we have incorpo-
rated mechanical and electrical safety devices in
conjunction with a novel electrical circuit to pre~-
vent accidental ignition or detonation of the elsc-
trolyte thereby allowing the practical use of these
materials.

General organization

These and other features have been embodied
in a compactly arranged unit having a novel
cabinet which houses the nscessary regulating
and supply means and provides convenient sep-
aration of the processing unit from the current
supply apparatus when desired. The general
organization and relationship of parts is best
illustrated in Figures 1, 3 and 9, from which it
may be seen that the precessing unit, generally
designated 2%, includes frame 27 having parallel
horizontal members 28 formed of angle iron or
the like. A main cabinet frame, generally des-
ignated 21, includes a pair of horizontal angle
iron members 28 spaced to receive and slidably
support the processing unit 29 by engagement
with members 28 of the processing unit frame 27.

When assembled, the processing unit 20 is re-
movably supported between left and right side
housings 24 and 28, and in front of a main hous-




9,532,908

3

ing %22. An easel 23 extends upwardly from the
main housing 22 above the processing unit 28,
and in ccmbination with the main housing 22
encloses a majority of the current supply and
control apparatus. An apron 48 is interposed
between the processing unit 28 and the main
housing 22, and extends outwardly beneath the
processing unit 20.

All of the elements essential to electropolishing
or etching metal surfaces, except for current
supply or control means, are included in the
processing unit 25, which may therefore be easily
removed from the cabinet by sliding theunit out-
wardly along the horizontal angle member 8
until free. This permits movement of the proc-
essing unit to practically any desired location
for cleaning, inspection or use, power being sup-
plied by flexible leads from the cabinet or other
suitable source. Cocling water; if reguired by the

nature of the electrolyte employed, can be cen-

ducted to the unit by flexible hose, but this is not
always necessary.

Processing unit in general

A horizontal plate 3¢ of insulating material
such as plastie or glass extends over the top of
frame 27 and is surfaced with a suitably fermed
strip 32 of stainless steel. Other materials may,
of course, be employed but due to the corrosive
characteristics of reagents ordinarily employed
in the process, materials resistant to such re-
agents should be selected.

A water jacket 33 of non-corrosive metal such
as cobper is attached to the frame 27 by bolts
34 extending through the frame 21 and through
suitable lugs 36 attached to the water jacket. 33.
The water jacket 33 is provided with an over-
flow spout 37 disposed adjacent its upper edge,
a drain cock &2, and an inlet spout 38 which ex-
tends upwardly to the lip of the water jacket and
communicates with the interior through an gpen-
ing in the water jacket adjacent the bottom of the
spout 38. A suitably shaped basket 41, formed
for example of metal strips, fits into the water
jacket 23 supporting a container £2 of non-cor-
rosive material such as glass in contaet with the
under end of plate 234 and in spaced rclation to
the water jacket 33. A suitable gasket 43 may be
interposed between the eontainer 42 and the plate
31 to form a tight seal.
the plate &t and strip 32 communieates with the
interior of the container &2 and is closed by a
light, loosely fitting disk 48, which prevents evap-
oration but is easily blown off if detonation of
the electrolyte should oceur, or if excessive pres-
sure should otherwise develop within the con-
tainer.

A water pipe 44 (Figure 4) having a valve 59
(Figures 1 and 3) extends outwardly from the
main housing into the processing unit 28 through
an opening in a wall of a cup 48 and ter-
minates in an orifice 47 forming an upwardly
directed water fountain conveniently disposed
for washing metal objects before or after proc-
essing. The bottom of the cup. 48 is open and
is disposed immediately over the spout 8§ thus
supplying cooling water to the water jacket
28 around the container 42. Overflow from the
water jacket 33 emerges from the overflow 37
and is caught by an apron 48 which forms the
front section of the main housing. The bottom
of the apron 48 is provided with a drain 48 which
may be connected with a sewer to dispose of the
used cooling water. The apron 48 extends for-
wardly and upwardly beneath the processing unit

An opening 48 through
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26 in order to receive any electrolyte which might
flow downwardly as a result of accidental frac-
ture in the container 42.

A suitable cover §i is provided with a lower
flange 33 having openings loosely engaging pins
52 secured to frame 21. Suitable detents are
disposed on the cover to engage other members
of the frame 2{ for holding the cover in position
in front of the processing unit 28. A deflector 54
is attached to the inner surface of the cover 5i
and protrudes into the space between the apron
48 and the lower surface of the water jacket 33
in order to deflect. into the apron any liquid which
may drip down between the processing unit and

. the cover 51.

n

A pump, generally designated 55, exiends
downwardly frem the plate 3{ into the electro-
Iyte container 42 and may include a cylindrical
tube 57 supported by an upper cylinder plate 58.
A propeller shaft B9 extends downwardly
through the tube 57 and through an aperture
61 in the upper cylinder plate 53 terminating
in a four-vaned impeller §% which is surrounded
by a cylindrical pump cylinder member 83. A
tube 84 is attached to the pump cylinder to con-
duct electrolyie from the pump upwardly to a
cathode 8. Cylinder §3 is closed by a bottom
plate §7 having a small drain 88 formed there-
in. Two or more rods 69 having heads 7! ex-
tend upwardly through the lower plate 67, the
upper plate 38, the plate 3f, and the strip 32
holding the component parts of the pump to-
gether with the tube BT in contact with the
plate 3f. Rods §9 are notched above the strip
32 as at 78 to receive spring clips 72, which sup-
port the rods. '

Openings 73 are formed in the tube 57 im-
mediately above the upper cylinder plate 58 to
bermit the entrance of liguid. The tube 51 may
also be notched to receive one or more anti-
vortex plates 74 which extend radially inwardly
from the wall of the tube to approximately the
boundaries of the aperture &} and serve to de-
crease the turbulence of electrolyte within the
tube 5% and the cylinder 32. Preferably the
Joint between the plate 3{ and the tube 57 is
not gas tight and the level of electrolyte in the
container is maintained above the upper limit of
the openings 73 thus preventing entrainment of
gas in the liquid passing through the pump.

As will be apparent, liguid electrolyte is sucked
into the pump tube 5T through the openings 73,
and is then carried downwardly through the
opening & inte the pump chamber where the
impeller §2 forces the eleetrolyte with smooth
even flow into the tube §4.

A cup-shaped processing chamber 7§ having a
series: of perforations. 77 through the beottom
thereof is provided with a threaded axial open-
ing to receive the cathode 68. Both the cath-
ode €6 and the processing chamber 18 may. be
formed- of & suitable metal such as lead, Monel
metal, stainless steel, or the like, adapted to con-
duct an electric current and to resist the corro-
sive effect of the electrolytic selutiom. The
cathode 83 ineludes a threaded body having an
upper ifdange 18 which may be hexagonal to as-

sist in inserting or removing the cathods, and

& nipple 7§ which extends downwardly below the
processing chamber 75 and fits locsely within
the tube 64. An axial passageway 81 extends
upwardly into the nipple T8 and the threaded
body of the cathode §6 terminating in g series
of passageways 82 formed in an integral boss
8% which extends outwardiy from the flange 78.
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A tube 84 of insulating material such as glass
fits over the boss 83 to conduct electrolyte up-
-wardly from the cathode.

The passageways 82 may be three in number
and are disposed at an angle to the axis of the
tube 84 and to the axis of the passageway 8l.
Thus an electrolyte is pumped through the cath-
ode, any initial surge of liquid is directed against
the walls of the tube 84 and not upwardly into
possible temporary contact with an object S be-
ing treated. Since the upper end of the tube
84 is disposed in close proximity to the metal
object S, it is obvious that the tube 84 must be
filled before electrolyte can contact the object.
Furthermore, when the angle of the passageways
82 with respect to the axis of the tube 84 is be-
tween approximately 20 and 70 degrees, the ve-
locity imparted to the liquid adjacent the walls
of the tube 84 is increased thus aiding in over-
coming the inherent fluid friction adjacent the
walls and assisting in the production of a foun-
tain at the end of tube 84 which has a substan-
tially equal upward velocity in every portion of
its cross section. In practice, we have found
that an angle of approximately 45 degrees is
generally satisfactory, although as the length of
the tube 84 increases sharper angles may be em-
ployed. While we prefer to employ a number of
passageways 82, it is not to be understood that
more than one is essential, nor is it essential
that the passageways themselves be straight
since curved passageways adapted to produce a
spirally upward movement of electrolyte in the
tube is permissible provided a cross-sectional ve-
locity of the fountain is substantislly constant.

It should be noted that the fit between the
nipple 75 and the tube 64 need not be tight and
a certain amount of electrolyte may be permitted
to flow between the nipple and the tube in or-
der to eliminate any air which may be unin-
tentionally entrained therein by the pump 56.
The surface of the boss 83 is preferably fat but
may be slightly convex if desired. It is not es-
sential that the surface be smocoth or polished.
Since the resistance of the electrolyte hetween
the cathode 66 and the object 8 which usually
forms the anode of the processing circuit affects
the current fiow, cathedes having hosses 82 of
varying heights may be provided for insertion
in the processing chamber 76 or the boss 83 may
be removably attached to the cathode as by
threads.

Object support and clamp

A disk 86 having an aperture 81 extends over
the top of the processing chamber 1§ resting on
gaskets 85 which are in turn supported by the
plate 81 and the strip of stainless steel 32. The
processing chamber 16 is held in position against
the plate 31 by screws 88 extending into suitably
tapped holes in the walls of chamber 16. If de-
sired, a gasket 88, preferably of insulating mate-
rial such as rubber or plastic, may be interposed
between the chamber 16 and the plate 31. Since
the serews 88 are in contact with the metal strip
32, it may be seen that an electrical contact is
established between the cathode 66 and the strip
32 through the chamber T6.

A ring 91 is secured in position by screws 22
extending through the ring and into the cham-
ber 1§ and is provided with an inwardly extend-
ing flange 93 bearing against gaskets 87 thus
holding the disk 86 in position. The side walls
of the aperture 87 taper upwardly, the minimum
diameter of the aperture 81 at its upper surface
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being somewhat less than the internal diameter
of the tube 84, which extends upwardly into
close proximity but not into contact with the
walls of the aperture 87. Channels 84 formed in
the surface of the disk 8% extend radially from
the aperture 87 to drains 96 permitting electro-
lyte flowing from the channels to drain down-
wardly through the perforations 17 in the hot-
tom of the processing chamber 16 intoc the con-
tainer 42 for recirculation.

In the processing of a metal object, bubbles
are generated at the interface of the fountain
of the electrolyte and the object S which, if not
removed, adversely affect the character of the
etched or polished surface produced on the ob-
ject. The continuous flow of electrolyte out-
wardly across the face of the object drives the
bubbles outwardly and by entrainment with the
electrolyte into the channels 94. Other en-
trained gas bubbles may follow the electrolyte
escaping between the upper edge of the tube 84
and the walls of the aperture 87.

A motor support frame 97 is secured to the
plate 31 and to the strip 32 by suitable means
and is provided with a spring clip 98 which sup-
ports a motor 99 connected to the propeller
shaft §9. The support frame 97 includes upper
and lower flanges 101 and 1§62 having aligned
openings in which is disposed a plunger 103
urged upwardly by a spring {04. The lower end
of the plunger 193 contacts the plunger of a
micro-switch {06 of the normally closed type
mounted on the frame 87. An arm 107 having a
horizontal leg 108 and a vertical leg 168 rigidly
connected as by screws 115 is disposed above the
plate 31, the vertical lez 109 being pivotally se-
cured to an angle iron {{# which is in turn se-
cured to strip 32, Horizontal leg 108 is a chan-
nel member extending outwardly over the motor
99 and the motor support frame 97.

A vertical tube 112 extends through an open-
ing formed adjacent the outer end of the hori-
zontal arm 108 and is provided at its lower end
with an insulating plug 113 suitably tapped to
receive a contact screw 114. An anode wire 116
is connected to the contact screw (14 and ex-
tends along the horizontal leg 188, terminating
in a plug connector 117. The tube 112 is secured
in place by a pair of suitably shaped dogs {18
disposed in the horizontal leg 188. One of the
dogs 118 is threaded to receive a rod 19 which
extends through the other dog terminating in an
exposed knob 121, as seen in Figure 7. Rotation
of the knob 21 thus causes the dogs 118 to grip
or release the tube {12 thereby permitting it to
be raised and lowered as desired in order to bring
the contact screw 114 to a point adjacent the ob-
ject S interposed between the contact screw {14
and the disk 86.

A transverse shaft 122 is journalled in the
horizontal arm 108 and is provided with a rigid
external handle 123 adapted to produce rotation
of the shaft 122. A generally rectangular cam
124 having a rounded corner 90 is secured to the
shaft 122 and disposed to engage the plunger 193
operating the switch {06. The width of the cam
124 is somewhat greater than the diameter of
the plunger 103 so that in the absence of an ob-
ject 8, the weight of the arm 197 is transmitted
through the cam 124 to flange {81, depressing
the plunger 103 to a corresponding level and
holding the switch {06 open. Movement of the
rectangular cam (24 moves the arm 107 about
its pivot causing the contact screw {i4 to he
raised and lowered, but as long as the cam 124
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‘Supports the arm (07, switch 188 remains:open
regardless of the position.of: the camy. Insertion
of an object S betwesn the disk 8§ and the .con~-
tact serew |14 supports the arm: 18% thus remov-
ing the weight. of the arnx from the cam {29 and
permitting the plunger 138 to rise undey the
pressure of spring (84 as the cam {24 is rotated
thus permitting: switch: 106 to close. A spring
25 secured: to angle:iron. b § and to: the grms £33
may be employed to.supplement the: weight of
the arm. (871 and thereby assist iz clamping the
ohject S to the disk 86.

Since the switchi: 188 controls: the operation
of the pump motor 99, and cannot close umnless
the sample is in position. under the contaet
screw {4, it is obvious.that  the mctor 8§ canniot
operate the pump until & sample is in place,
thereby preventing the fountain of elecirolyte
from splashing through the aperture 871 into
possible contact with. the hands. of the operator.

Leads 127 extend from the motor 89 and switch
186 to the plug #171. An additional wire extends
from the plug {17 to the sirip 32 of stainless
steel thereby establishing = connection to the
eathode 86 through. the processing chamber walls
76. To prevent. accidental damage, & chain 123
is connected to the plug and to the strip 32 to
withdraw the plug |17 from: its reeeptacle as the
processing unit 28 is withdrawn from the frame
Zi. A suitable four-contact receptacle 128 for
the plug 117 may be mounted on a plate (31
extending transversely across the main housing
directly below the easel 23. Removable covers
168 having pins {95 engaging clips {9 which

are secured to the strip 32 extend outwardly 2

from both sides: of the arm 10T to the edge of
the processing unit snd are suitably shaped to
enclose the motor -9%, the motor support frame
97, and disk &5, as well as wires £§ and {27T.

Current supply and control

Polishing, which requires greater current than
etching, is usually aceompiished with direct cur-
rent, while etching may require either direct or
alternating current. OCur current supply means
is therefore adapted to: supply either for closely
controlled periocds of time. Since im most: in-
stances alternating current is available, we de-
seribe herein a cireuit including: rectifying
means, but it is dovious that other current
sources, such as a. D. C. generator-may be. em-~
ployed, eliminating the rectifying. means from
the circuit. Also it should be understood: that
the terms “anode’” and “cathode” are: used to
designate the two: eléctrodes, even. though in
an A. C. circuit they of course: function merely
as electrodes.

Electrolytic polishing may in some: instances
require currents on the order of. X0 amps: at 200
volts, and since the-electrolytic solution: through
which the current flows is often combustible or
explosive, it i3 cbvious that adequate safety pre-
cautions must be taken. As may be seen from
the foregoing description, the circuit includes a
fountain of electrolyte extending from cathode
to anode which is. renewed for each operatien,
thus creating an arcing cendition: as contact
is made or hroken which could cause combus-
tion or detonation. Among our novel circuit
features is the provision of means which prevents
the full current from flowing through. the foun-
tain as contact with the objeet is being made or
broken. To: prevent accidental completion of
the circuit, or splashing of corrosive: electrolyte,
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of the fountain: of electrolyte unless a metal oh-
ject is. properly positioned . for processing. The
circuit units have also been: arranged in such
manner that both of the operator’s hands are
necessarily in. & safe position during. processing,
and in addition the circuit provides means for
automatically preventing energization of more
than . one main precessing circuit at a time.

In general, the circuit-includes a main. trans-
former (82 having a main secondary (3% pro-
vided with-a grounded center tap 138. The sec-
ondary §33 supplies current: to-paired hali-wave
rectifier tubes 134. The tubes, with asscciated
choke coils #25 and condensers (37, supply a
Lighly reectified substantially linear direet cur-
rent to the anode contact F14 amd cathode 86,
which is grounded. Each of the three principal
circuits, namely, It C. etch, D. €. polish, and
A&. C. etch includes a main relay such as relays
138, 138, and t&1, respectively, controlled by suit-
able timers 42, (43, and (44, respectively. The
timers are adjustable by knobs {46, i4T, and
148 (Figure 1) and preferably are of the elee-
tronic type. Current centrol is obtained by se-
lector- switches 49 and- I§f connected to taps
ont opposite sides of the ground tap 130 on the
main transformer secondary 43% and by a vari-
able voltage transformer 52 in the A. C. etch
circuit which operates from: a secondary winding
153 on the transformer 132. . ’

Suitable control knobs (54, 45§ and 87 are
mounted- on easel 23 angd connected to the se-
lecter switches 188 and (5 and to the variable
voltage transformer (52. Selection of the de-
sired circuit is obtained in part through a nor-
mally open double throw gang switch 158 which
in. one position closes four contacts energizing
the D. C. polishing circuit and in the other po-
sition closes four contacts energizing one of the
two efching circuits. Selection of whether the
etching is.to be accomplished by alternate and
direct current is obtained by a double throw
snap type gang switch 59. Current for the
timers 142, 143, and 148, and for the switches
i58 and 159 is obtained from a transformer (61
having a secondary {62 or from.a suitable sec-
ondary on the main transformer i32.

A normally open safety switch (83 is in series
with the timers 142, {43, and {44 and secondary
162, and. must be held in closed. position by the
operator to render any of the timer circuits
effective. Since both the switch {583 and the
switeh {63 will remain in: closed position only
in response to hand pressure, it may be seen
that by mounting the switches more than . eone
hand’s span apart, as indicated in Figure I, the
operator’s: hands will he fully occupied during
the process. thus making it impossible to acei-
denstally contact the anode .ot the electrolyte.

A low woltage transformer 184 supplies cur=
rent on the order of, say, 24 volts and of ap-
proximately 10 milliamperes to a. safety ecircuit
which includes at; least. one normally closed: con=
tact on . the relays 138, 139, and 4%, the anode
contact ft4; the cathode 68, and the coil of a
relay 8% which controls circuits controlling the
timers 42, 143, and 144, and: therefore.also con-
trolling the relays 138, {39, and- t4f. As sub-
sequently explained, when: the processing opera-
tion is started, all of the contacts of relays #38,
#38, and- &k, except the safety circuit comtact,
are open and therefore the full potential of
the processing current does not exist between
the anode and the cathode: As the stream of
electrolyte first: contacts. the ebject S whieh is |
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in contact with the anode contact screw 114, the
safety circuit is completed thus energizing the
coil of relay 168. This relay in turn closes con-
tacts permifting actuation of the timers {42,
143, and (44, which in turn actuate the main
circuit relay 138, (39, and 141. Thus it may be
seen that the potential between the anode and
cathode at the time the fountain of electrolyte
is first established is of such low voltage that
no spark is generated as the circuit is completed
thereby eliminating a possibie cause of detona-
tion or combustion of the eyectrolyte. The main
circuit relays 188 and {89 in their unenergized
or normal position have three normally open and

three normally closed sets of contacts and the 15

relay 141 in the A. C. circuit has two normally
open and one normally closed pairs of contacts.
Since the safety circuit includes the normally
closed contacts of all three relays, it may bhe
seen that energization of any one of the relays
breaks the safety circuit and establishes the
main circuit by closing the normally open pairs
of contacts. The main circuit is maintained by
a relay 167 until de-energized by one of the
timers 142, 143, and 144.

A relay 118 controiled through the relay 167
by switches 158 and 159 normally directs cur-
rent through the A. C. eteh ammeter 1698 and
into the A. C. etch circuit. If, however, either
D. C. polish or D. C. etch cireuit is selected by
switches 158 and 159, a circuit to the coil of the
relay 118 is closed actuating the relay and thus
connecting the D. C. power supply to the anode
object S through lead {71, D. C. etch ammeter
{12, and D. C. polish ammeter 173. A main
switeh {76 is placed in series with the primary
winding 178 of the main transformer 132 and
is provided with a pilot light {77 across main
leads 179 and 181 to indicate the condition of the
circuit.

Assuming it is desirable to polish a metal ob~
ject S and that a suitable solution has been
placed in the container 42, the object is placed
over the aperture 87 and the tube 112 lowered
with the arm 187 in raised position until almost
in contact with the upper surface of the speci-
men. The handle 123 is then moved towards
the operator lowering arm {07 and permitting
the anode contact screw !4 to come in con-
tact with the object S. This supports the arm
107 permitting the switch (86 to close. Closing
the switch {86 completes the circuit from the
motor 89 to the cathode 58 through lead 182.
Switeh 176 is closed allowing current to flow
through leads 179 and 181 and through the
primary (18 illuminating the pilot light 177.

Operation

To polish the specimen, the switch 158 is moved
to the left, the position of switch 159 being im-
material in so far as the polishing circuit is con-
cerned. The switch 158 is held in position with
the right hand of the operator while the left
hand closes safety switch 183. Selector switch
i49 is adjusted to give the desired current and
timer 143 is similarly adjusted to control the
duration of treatment. As the switches (58
and §63 are closed, current fows from trans-
former secondary 162 through lead (83 to blade

184 of the switch 158 to leads 186 and 187 to 7

relay 118, leads 188 and $89 to ground. A lead
{9{ is also energized from the transformer
secondary {62 completing o cireuit through con-
tacts 192 and lead §93 to motor 99. Operation
of the motor establishes the jet of electrolyte
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which establishes electrical connection between
the cathode 66 and the object 8. This permits
current to flow through the safety circuit ener-
gized by transformer 164 and extending through
the coil of relay 168, lead (84, through the nor-
mally closed contact to relay [38, lead 195, the
normally closed contact of relay 139, lead 187,
the normally closed contact of relay 14, and
lead 198 to ground. The other side of the sec-
ondary of transformer 164 is connected by lead
198 to the object S thus completing the circuit.

Completion of the safety circuit, as previously
explained, energizes the coil of relay 186 closing
contacts 261 and completing a circuit including
a lead 188, lead 282, the coil of relay 157, lead
188, a blade 188 of switch 158, lead 183, and trans-
former secondary 152 thus closing the contacts
of the relay 167. A lead 203 establishes a con-
nection between the coil of the relay 187 and one
of the pairs of contacts thereof to ground lead
189 thus permitting the relay 167 to remain closed
regardless of the condition of the relay {88 which
initially energizes the coil of relay (87.

Power input to the timers 142, {43, and {44 is

s obtained through leads 284 and 288 connected

directly to the secondary 182. Contacts 267 on
switch 158 complete the circuit through the out-
put side of the timer 143 through leads 208, the
contacts of relay 467, safety switch (53, lead 288,
lead 211, timer {43, and lead 212. A fourth set of
contacts 213 in switch {58 completes the circuit
to pilot light 2i4 which includes leads 208, 216,
lead 217, contacts 212 and lead 181. Operation
of the timer establishes a circuit through lead

as 218, the coil of relay 138, lead 219, and lead 21t

back to the timer thus energizing the coil 138§,
opening the normally closed contact thereof to
break the safety circuit, de-energize the coil of
relay 158, and closing the three normally open
contacts of the relay £38. The main secondary
{33 of the main transformer 132 then passes cur-
rent through the selector switch {48 through
leads 221 and 222 through contacts of relay 38
through leads 223 and 224 through choke coils
135 and rectifier tubes 1234, Filament current to
the tubes 124 is obtained from a center tapped
secondary 228 connected by leads 227 and 228 to
the tubes 124, Common lead 228 conducts the
rectified current through lead 2%1, relay 138, am-
meter 178, lead 171, relay 178, lead 232 to the
ancde S, through the fountain of electrolyte and
to the cathode 86 which is grounded.

A voltmeter {74 is connected by lead 233 o the
anode ohiect S and the eircuit continues through
lead 224 to ground. When the desired time of
treatment has been completed, the circuit es-
tablished by the timer 143 through the coil of
relay 139 is broken by the timer thereby de-
energizing relay 138 and breaking the circuit. At
the completion of the operation, the safety switch
163 and the gang switch §53 may be released, the
release of switch 158 stopping the motor 29 and
breaking the eircuit through the pilot light 2¢4.

Assuming further that the sample selected is
to be etched by D. C. current, the desired etch-
ing current is set on selector switch 151 and the
timer 142 set to give the desired efching time.
The switch 158 is then thrown in the opposite
direction and snap switch 159 thrown to D. C.
etch. Closing of the switch {58 again energizes
the motor §8 through lead 191, contacts 285, lead
193, contacts 106 and lead 182. The safety cir-
cuit is energized in a manner previously described,
the circuit through relay 187 being completed

76 through leads 183, contacts 237, lead 238, contacts




2532008

11

239 on switich 189, Jead 244, lead 186, the cail ©f
relay 467, lead 2088, through the .contacts:of re-
lay -I87 to ground. ®nergization of lead 187 also
actuatesrelay 178, grounded by leads 488:and 189.
The .circuit to the timer 442 includes lead 248
extending from fthe timer to contacts 245 on
switch £58, lead 285, contacts 242 on switch 158,
lead 268, contacts onrelay £67, lead 299, and lead
211, A pilot light 243 isenergized by lead 2i8,
lead 244, contacts 246 on switch 189, lead 247,
contacts 248 on switch 58, and lead 19! totrans-
former secondary 1562. Completion of the circuit
through timer (42 closes relay {28 breaking the
safety circuit :and establishing the D. C. etch
cireuit through seélector switch {48, leads 248 and
254, contacts of relay 138, leads 224 and 223 to
the rectifier tubes. The rectified -current from
the tubes flows through lead 228 through the
contacts of relay {38, lead 252, ammeter 172, lead
111, contacts of relay (78, and lead 232 to the
anode. )
. If, however, a sample is reguired to be etched

by alternating -current, the switch {58 may be
left in the efching position and the snap switch
189 thrown in the other direction to establish
the A. C.:etch circuit. “The timer 144 is energized
through contacts 242, lead 235, contacts 253, lead
254, lead 209, safety .switch 183, contacts of relay
i67, and lead 268, A pilot light 258 is also en-
ergized through lead 248§, lead 257, contacts 238,
lead ‘259, lead 287, contacts 248 and lead [81.
Actuation of the timer ‘144 -establishes a eircuit
through lead 281 and 2{[ tothe coil of relay i8f.
Actuation of the relay 14! breaks the safety cir-
cuit and establishes a circuit through secondary
153 of the-main transformer: {32, leads 232 and
283, contacts of relay t41, lead 264, ammeter 489,
lead 286, the contacts of unenergized relay 178,
and lead 232 to the anode. ‘The condenser {37
may be connected across leads {7 and 182 to
cooperate with the choke coils 18§ in smoothing
the D. C. current output of tubes 134.

Although variations in the solutions employed
cause variations in the resistance of the cireuit
and hence influence the current values, various
general ranges may be cited as illustrative of the
desired conditions. The etching timers 442 and
144 should have an approximate range of 0.5 to
3:0 seconds and the polishing timer- {43 a range
of about 2 to 50 seconds.
cuit, voltages -of from 100 to 200 volts and from
0.5 to 10 amps may be reéquirad while each of the
etching circuits should be capable of supnlying
0.5 to '3 amps:at about 35 to 125 volts.

A solution generally adapted to etch and polish
iron, steel and other metals may be prepared by
mixing together 800 cc. of methyl alcohol con-
taining 3% ether, 146 cc. of tap water, and 54
cc.-of 70 to 72% perchloric acid. This solution,
which should be used at temperatures below 90
degrees F., and when used in conjunetion with a
tube 84 having dimensions of approximately 1%,"
by 15 millimeters bore will produce a circuit're-
sistance of approximately 25 to 50 ohms which
can be increased or reduced by changing the
diameter of the tube or the distance between the
anode object S and the cathode §5.

As ‘g specific example of a procedure for ob-
taining highly satisfactory resalts on low carboen
steel, polishing may be continued for 10 seconds
at room temperature using 3.4 amps at 120 volts.
A sample of this metal polished as described may
be etched by alternating current using 21 volts
and 0.6 amps-for ten seconds. Austenitic stain-
less steel may be satisfactorily polished in 19

In the polishing wcir- s/
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secands ‘using 2.0 amperes :at 70 volts and fer-
ritic stainless ‘steel may be polished in 4 secands
using 2.8 amperes at 100 volts.

"The solutions herein deseribed are only repre-
sentative of many which may be employed.
Other more violently explosive mixtures incor-
porating, for :example, higher percentagss of
perchloric acid and acetic anhydride may be
safely employed but glass .or -other inorganic
materials should be substituted for any plastic
parts disposed o contact the solution. The wuse
of violently explosive mixtures sueh as these em-
ploying high percentages of perchloric acid with
acetic anhydride require the provision of addi-
tional safefy :means for -insuring the unintsr-
rupted supply ef electrolyte since even a tem-
porary interruption:in flow, as for example that
which might be-caused by a large bubble, ‘would
break :and perhaps subsequently reestablish the
main circuit vat the anode thus producing am
arcing ccondition between the object S :and ‘the
electrolyte.

I therefore provide a fleat 267 having upwardly
extending -arms 288 telescoped over a stem 269
having a head 27! disposed between the grms 262
and engageable thereby. The parts are :disposed
insuch:manner that the arms 268 form = lost
motion linkage with the stem 268 :and the head
274 producing .2 downward ‘motion of the stem
269 whenever the electrolyte in ‘which the float
287 .is .immerszd -drops below a predetermined
level. The stem isconnected to a suitable switch
sueh -as switch 498 controlling the motor 89 -and
modified to permit actuation by downward move-
ment of the stem 282 or a similar switch disposed
in :series with either the main or timer ecirewits
atlapted to stop the processing operation when
such ievel is reached.

Since the processing wmnit includes the elec-
trolyte container 42, pump 58, motor 8¢, arm
{07, cathode $8, and all associated apparatus
necessary to process metal objects except cur-
rent supply '‘and control means and -cooling
water, it is obvious that the processing umit 28
may be satisfactorily operated at a distance
from the balance of the herein described device.
Flexible leads from socket 129:and a hose from
pipe 44 may be used to supply current and water,
or other more convenient sources:of current may
be utilized. Furthermeore, inspection and repair
is greatly simplified because of the .ezse with
whieh the processing unit 28 can be removed.
This is accomplished by first removing the cover
5{, and then grasping the processing unit frame
21, drawing it outwardly. The unit 29 slides out-
wardly like a drawer on members 28 and 29, the
plug 117 being withdrawn by chain {28, and may
be supported after withdrawal by the water
Jacket 33. The plug {47 is the only mechanical
connection between the processing unit 28 and
the main frame 24, since the water pipe &4 pro-
jects from main housing 22 into .cup 4§ through
an -opening therein, but is not in any way me-
chanically attached to processing unit 28.

Qur device may, of course, be simplified by
using -only one fimer connected to the three cir-
cuits by suitable switches, and the polishing eir-
cuit may be made to function as a direct current
etching circuit, if desired. Greater aceuracy and

) ease of operation, however, is obtained by the use

of separate eireuits having independent control
elements -as -deseribed.

Since the operation is purely mechanical, once
the proper current and time values have been de-
termined, relatively unskilled labor ean -consist-
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ently obtain highly satisfactory polished or pol-
ished and etched surfaces, the greatest economy
of time being obtained in the polishing opera-
tion. Should occasion arise, the surface of the
object can be plated, instead of polished, by re-
versing the direction of current flow and substi-
tuting a suitable solution for the electrolyte de-
seribed. Since the cathode under such condi-
tions becomes the anode, it should be formed of
the metal being plated.

In the foregoing specification we have de-
scribed in detail a preferred embodiment of our
invention as required by R. S. 4888, but it is not
to be understood that in so doing we limit our-
selves to the precise details, procedure and mate-
rials herein described except in so far as defined
by the appended claims.

We claim:

1. In an apparatus for electrolytically treating
metal surfaces, an apertured plate for supporting
a metallic object to be treated, means containing
a body of electrolyte beneath said plate, means
for projecting a column of electrolyte from said
body onto the exposed surface of the object over-
lying the aperture in said plate, a main circuit
including said body of electrolyte, said column
and said object arranged to pass an electric cur-
rent between said column and said object across
said exposed face of said object, a first relay hav-
ing contacts included in said main circuit for
controlling the latter, auxiliary circuit means ac-
tuated by the impingement of electrolyte upon
said object for controlling said first relay to close
said main circuit, whereby energization of said
main circuit is dependent upon the column of
electrolyte being in contact with said object, a
transformer, means for producing a rectified di-
rect current from the transformer, a second relay
having contacts for econnecting the rectified cur-
rent to said main circuit, a control circuit includ-~
ing a timer for actuating said second relay, and a
plurality of hand-operated switches in series in
said confrol circuit, said switches being normally
biassed to open position and being spaced apart
a distance greater than can be spanned with a
human hand.

2. In an apparatus for electrolytically treating
metal surfaces, an apertured plaie for support-
ing a metalic object to be treated, means con-
taining a body of electrolyte beneath said plate,
means for projecting a column of electrolyte from
said body onto the exposed surface of the object
overlying the aperture in said plate, an electrode
arranged in the path of electrolyte projected from
said body, and a hollow tube of insulating mate-
rial extending from said electrode to a point ad-
jacent the exposed surface of said object, said
elecirode having a passageway communicating
with electrolyte projected from said body and
with said tube, and at least that portion of said
passageway adjacent said tube being disposed at
an angle of approximately 45° to the axis of said
tube. .

3. In an apparatus for electrolytically treating
metal surfaces, an apertured plate for supporting
a metallic object to be freated, means containing
a body of electrolyte beneath said plate, means
for projecting a column of electrolyte from said
body onto the exposed surface of the object over-
lying the aperture in said plate, a cathode elec-
trede having g passageway for said column di-
rected toward the exposed surface of said object,
and a hollow cylindrical conduit extending from
the aperture in said plate to said passageway,
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said passageway having g smaller diameter than
said conduit and being inclined at an angle of
approximately 45° to the axis of said conduit so
as to produce in said conduit a column of elec-
trolyte having a substantially constant cross-
sectional velocity.

4. In an apparatus for electrolytically treating
metal surfaces, an apertured plate for supporting
a metallic object to be freated, means containing
a body of elecfrolyte beneath said plate, a cath-
ode electrode located beneath said plate and hav-
ing a passageway in communication with said
hody of electrolyte in said containing means, a
hollow  insulating tube telescoped over said
electrode for conducting electrolyte emanating
from said passageway onto the exposed surface
of the object overlying the aperture in said plate,
means for projecting electrolyte from said body
into the passageway, and a plurality of connect-
ing passages leading from said passageway and
into said tube, said passages being disposed at
an angle of approximately 45° to the axis of said
tube. :

5. In an apparatus for electrolytically treating
metal surfaces, an apertured plate for supporting
a metallic object to be treated, means containing
a body of.electrolyte beneath said plate, a first
electrode disposed within said containing means
for contacting electrolyte therein, a second elec~
trode spaced from said first electrocde and located
outside said containing means for contacting the
object supported by said plate, means for pro-
jecting a column of electrolyte from said body
towards the object supported by said plate, a
main circuit including said electrodes, said body
of electrolyte, said column and said object ar-
ranged to pass an electric current between said
column and said object, a relay control circuit
including a relay having contacts, said contacts
being included in series with said main circuit
to control the flow of current therein, and a
switch responsive to the level of electrolyte in
said containing means, said switch being in said

relay control circuit and in series with the coil

of said relay whereby to interrupt said main cir-
cuit when the level of electrolyte in said contain-
ing means drops below a predetermined level.

6. In an apparatus for electrolytically treating
metal surfaces, an apertured plate for support-
ing a metallic object to be treated, means con-
taining a body of electrolyte beneath said plate,
a pump for projecting a column of electrolyte
from said body cnto the exposed surface of the
object overlying the aperture in said plate, a
clamp adjacent said plate for urging the object
to be treated against said plate, switch means
controlled by said clamp and arranged to ener-
gize said pump only when an object is urged by
said clamp against said plate, a main circuit in-
cluding said bedy of electrolyte, said column and
said cbject arranged to pass an electric current
between said column and said obiect across said
expesed face of the obiject, a relay having con-
tacts included in said cireuit for controlling the
latter, and auxiliary circuit means actuated by
the impingement of electrolyte upon said object
for controlling said relay to close said main cir-
cuit, whereby energization of said main circuit
is dependent upon the column of electrolyte be-
ing in contact with said object.

CLARENCE W. HANGOSKY.
CARL S. HORNBERGER.
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