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This invention relates to electrolytic grinding apparatus 
and to grinding wheels therefor. 
One of the objects of this invention is to provide a 

practical and reliable system and apparatus of the above 
mentioned character that will have a high capacity and 
good efficiency in the removal of stock, as in the ma 
chining of hard carbides, by electrolytic grinding action. 
Another object is to provide an electrolytic grinding sys 
tem and apparatus that afford good control against detri 
mental arcing at the locus of stock removal. Another 
object is to provide a practical electrolytic grinding meth 
od and means and dependable controls therefor, effec 
tive throughout the varying requirements and conditions 
met with in use, including control of current distribu 
tion and densities whereby to maintain high efficiency 
of stock removal and long and safe operating life of the 
grinding wheel. Another object is to provide a practical 
and dependable grinding wheel, particularly a grinding 
wheel utilizing diamond abrasive grains such as "bort,” 
having features of construction materially contributing to 
high efficiency of electrolytic grinding action and to ma 
terially increased capacity for stock-removal, and pro 
widing, in unique coaction with elements of the appara 
us or system and controls, for avoidance of or reliable 
control against damaging localized current densities or 
concentrations and for guarding against destructive arcing 
under the varying conditions of practical use. 
Another object is in general to provide improved elec 

trolytic grinding systems and apparatus, including con 
trols and grinding wheels therefor. Other objects will be 
in part obvious or in part pointed out hereinafter. 
The invention accordingly consists in the features of 

construction, combinations of elements, arrangements of 
parts and in the several steps and relation and order of 
each of the same to one or more of the others thereof, 
all as will be illustratively described herein, and the 
scope of the application of which will be indicated in 
the following claims. 

In the accompanying drawings, in which are shown 
illustratively the mechanical and electrical features of 
our invention, and in which similar reference characters 
refer to similar parts throughout the several views of the 
drawings, 

Figure 1 is a front elevation of the grinding machine; 
Figure 2 is a side elevation of the grinding machine; 
Figure 3 is a fragmentary horizontal sectional view on 

an enlarged scale, showing certain mechanical and elec 
trical features of one form of grinding wheel in relation 
to a workholder and certain electrical features related to 
the latter; 

Figure 4 is a fragmentary horizontal sectional view on 
an enlarged scale, showing certain mechanical and elec 
trical features of another form of grinding wheel in rela 
tion to a work-holder and certain electrical features re 
lated to the latter; 

Figure 5 is a fragmentary sectional view of the grind 
ing wheel of Figure 3, showing a modified form of me 
chanical and electrical assembly; 
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Figure 6 is a transverse sectional view, on a smaller 

Scale, of the grinding wheel as seen along the line 6-6 
of Figures 3 and 5; 

Figure 7 is a side elevation of the grinding wheel of 
Figure 4 as seen along the line 7-7 of Figure 4; 

Figure 8 is a fragmentary or detached front elevation 
of a wheel guard cover and associated electrolyte-distrib 
uting parts as related to the grinding wheel of Figure 3 
and as seen from the front in Figure 1 and from the left 
in Figure 3; 

Figure 9 is a front elevation of the wheel guard cover 
and associated electrolyte-distributing parts as related to 
the form of grinding wheel shown in Figure 4 and as 
seen from the left in Figure 4; 

Figure 10 is a simplified electrical diagram of circuit 
connections and controls as related to the multiple con 
ductive ring grinding wheel, such as the grinding wheel 
of Figure 3 or of Figure 4; 

Figure 11 is a simplified electrical diagram of a cir 
cuit and control related to a single work-wheel interface; 
and 

Figure 12 is a diagram of multiple supply circuits and 
electrical controls interrelated with the multiple interfaces 
provided between the work-piece and the multiple con 
ductive abrasive elements of the grinding wheel, such as 
the grinding wheel of Figure 3 or that of Figure 4. 
As conducive to a clearer understanding of certain fea 

tures of my invention, it may at this point be noted that 
there are many advantages to be gained in stock-removal 
by electrolytic grinding, especially for machining hard 
cemented carbides (such as cobalt-bonded tungsten car 
bide and/or tantalum and/or titanium carbide), wherein 
stock is removed from the work-piece, such as a cer 
mented carbide tool, by electrolytic decomposition of the 
work face, materially supplementing the cutting action 
of the wheel, but that various difficulties can be encoun 
tered or the system or apparatus has inherent limitations 
or there arise phenomena detrimental to or destructive 
of the grinding wheel. It is desirable to use diamond 
grinding wheels; these are costly and it is, of course, un 
desirable to risk destructive action on them or otherwise 
shorten their useful life. Among the dominant aims of 
this are: to overcome or materially alleviate such diffi 
culties; to avoid or reduce such limitations; to improve 
or control the electrolytic action or actions so as to lessen 
or avoid such risks to the grinding wheel; to achieve 
better efficiency and higher capacity; to provide a grind 
ing wheel adapted for dependable and effective coaction 
toward achieving any one or more of these aims or ob 
jects. 

In electrolytic grinding, a metal bonded abrasive wheel 
is employed so that the grinding face is effectively con 
ductive, the conductive work-piece is insulatingly Sup 
ported, and, with a suitable supply of a suitable elec 
trolyte, which also serves as a coolant, at the Work-wheel 
interface, a direct current source supplies a current flow 
across the interface, the work being the anode. Since 
the rate of electrolytic decomposition, by which stock 
removal from the work is effected, is proportional to 
current flow, it is desirable to use high current density; 
but in practice the extent to which current density can be 
increased in the endeavor to improve stock-removal rate 
or capacity is severely limited. 

For example, visible arcing or sparking sets in in the 
contact zone, that is, at the work-wheel interface, and 
that results in high or excessive rates of wheel wear, great 
ly shortening wheel life. Moreover, even if, within these 
limitations or handicaps, means are provided for limiting 
maximum value of, or regulating at substantial constancy, 
the amperage in the circuit that includes the interface, so 
that current of allowable and limited or regulated over-all 
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value is uniformly distributed over the interface, any op 
erating condition that thereafter arises, such as reduction 
in contact area between wheel and work, to cause the 
current density to exceed the critical value, brings about 
destructive arcing. Damage to the grinding wheel re 
Sults. Illustratively, such a reduction in area at work 
wheel interface can take place upon relative traversing 
movement between the wheel face and the work in excess 
of that required for complete mutual over-lap of one 
relative to the other. Moreover, the contact area can be 
reduced to zero upon such relative movement as to run 
the work-piece completely off the edge of wheel face (or 
vice versa) or otherwise to effect complete separation be 
tween the two. As stated above, such changed conditions 
bring about destructive arcing in spite of such current 
limiting or current-regulating means as mentioned above. 
There can be other difficulties. Detrimental arcing may 

also occur even when the apparent contact area is a large 
fraction of the maximum possible contact area, if the total 
current is above what may be termed the critical arcing 
current for given conditions, again bearing in mind the 
desirability of increasing the rate of electrolytic decom 
position to increase the rate of stock removal. Ap 
parently, small discontinuities in the surface or face tend 
to cause current concentrations in areas much smaller than 
the apparent contact area, such concentrations producing 
local heating and leading to the formation of destructive 
arcs, with the total current, limited in maximum value 
or regulated for substantial constancy, in effect, funneling 
through the small arcing area. Another aim of this in 
vention is to overcome such difficulties as these; more 
particularly, it is another object of this invention to pro 
vide an electrolytic grinding system and apparatus, in 
cluding wheels therefor, and controls, for preventing the 
total electrolytic current from concentrating in a small 
area such as described above and for making it possible 
to use higher average current values without damaging the 
wheel. 

In carrying out our invention, any suitable mechanism 
or arrangement may be employed for mounting and driving 
the grinding wheel of our invention and for mounting 
and Supporting, or even for resting thereon for manual 
movement (as in so-called "off-hand” grinding), a work 
piece, such as a cemented carbide tool or other piece of 
work or object to be ground or machined, whereby to 
obtain relative movements between the grinding wheel 
and the supported work. For purposes of illustration, and 
not by way of limitation, we have shown in the drawings 
a machine having many various relative adjustments and/ 
or movements between grinding wheel spindle and work, 
and various controls, manual or automatic, therefor. Re 
ferring first to Figures 1 and 2, we may utilize a machine 
having a work table 11 supported on ways 12 and 13 
provided on a cross slide 14 mounted on the machine base 
15. The ways for the cross slide 14 are not shown but 
may be conventional and reference may be had to U. S. 
Patent No. 2,101,787 for many of the constructional 
features of this illustrative mechanism. A screw shaft 
16 passes through a nut 17 which is affixed to the base 15, 
while the rear end of the screw shaft 16 is journaled in a 
two-way thrust bearing 18 which is attached to a rearward 
ly projecting portion 19 of the cross slide 14; rotation of 
the screw shaft 16 as by means of a hand wheel 20 there 
fore moves the cross slide 14 forwardly or rearwardly of 
the machine. 
The table 11 can be reciprocated upon the cross slide 

14 in any suitable way, manually or otherwise; for ex 
ample, by the fluid pressure mechanism described in the 
aforesaid Patent No. 2,101,787 and in Figure 1 I show 
a piston rod 21 connected to a bracket 22 which is at 
tached to a laterally extending portion 23 of the table 
11. The hydraulic mechanism of the aforesaid Patent 
2,101,787 need not here be illustrated or described; it is 
controlled by the table dogs 24 and 25 which alternately 
engage an interposed reversing lever 26 mounted on a 
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4 
shaft 27 projecting from the front of the cross slide 14. 
We do illustrate herein, however, manually operated ap 
paratus for moving or reciprocating the table 11 compris 
ing a rack 30 secured to the underside of the table 11 and 
engaged by a gear 31 which is secured to a larger gear 
32 which meshes with a smaller gear 33 secured to a shaft 
34 on the front end of which is a hand wheel 35. 
The base 15 supports a vertically extending split column 

4. (Figure 2) which is provided with a cylindrical bore, 
not shown, receiving a cylindrical post 43. Adjustably 
Secured in any desired angular position to the top of the 
post 43 by means of bolts 44 extending through angular 
slots, not shown, is a wheel head 45 journaling a grind 
ing wheel spindle 46 which projects both forwardly and 
rearwardly of the wheel head 45. Affixed to the rear of 
the spindie 46 is a pulley 47 driven by a belt 48 from a 
pulley 49 on the armature shaft 59 of a motor 51 which 
is secured by means of bolts 52 to a table 53 having slots 
54 receiving bolts 55 screwed into the wheel head 45: 
thus the motor 51 is secured in vertically adjustable posi 
tion to the wheel head 46. The cylindrical post can be 
raised and lowered by mechanism described in the afore 
said Patent No. 2,101,787 which is operated by a hand 
wheel 56 (Figure 1, right hand side), and when the desired 
adjustment is obtained the post 43 can be securely locked 
by means of a screw 57 extending across the gap in the 
split column 44. 
The front end of the grinding wheel spindle 46 is ap 

propriately constructed to have or is provided with means 
for mounting a grinding wheel thereon, as by providing it 
with a tapered portion 63 that is received into the tapered 
bore of a flanged sleeve 61, with a nut 60, threaded onto 
the spindle 46, holding the flanged sleeve 61 securely in 
place; flanged sleeve 6 is suitably constructed to carry 
and have secured thereto a grinding wheel which, ac 
cording to our invention, is constructed to provide a plu 
rality of relatively closely spaced abrasive rings that are 
conductive, thus subdividing the active face that is to 
take part in electrolytic and grinding action on the work 
piece, all for purposes and coactions with other parts 
as later described. 
As will become clear from our disclosure of our in 

vention, the grinding wheel may be constructed in various 
forms or types, according to the desired or desirable 
conformation of operative face, and for purposes of 
illustration and not by way of limitation, we have shown 
in Figure 3 a multiple conductive grinding ring wheel 
construction in which the face that is subdivided is a 
side face of the grinding wheel, that face falling in 
a plane at right angles to the axis of the wheel, and in 
Figure 4 we have shown a multiple conductive grind 
ing wheel construction in which the face that is sub 
divided is the cylindrical peripheral surface of the wheel; 
in each case the surface that is subdivided is a surface 
of revolution generated by a generatrix line that is ro 
tated about the axis of the wheel and by changing the 
angle of that generatrix of the axis to an angle other 
than the 90° angle in Figure 3, or by shifting it out of 
parallel relation in Figure 4, the operative face becomes 
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frusto-conical. In any such case subdivision electrically 
and abrasively may be effected, as is illustratively de 
scribed in connection with Figures 3 and 4. 
The grinding wheel shown in Figure 3 and designated 

as a whole by the reference character 64 comprises a 
suitable number, illustratively three, of conductive abra 
sive rings R, R2, R3, each presenting a flat annular 
abrasive face of the same radial dimension; they are con 
centrically arranged and of such progressively differing 
diameters that they encircle one another with relatively 
small annular spaces between successive rings; they are 
radially held in concentric relation and with their abra 
sive faces alined by any suitable insulating means and 
preferably in such manner that only their alined annular 
abrasive faces are exposed, and for this purpose we pre 
fer to envelop or encase them, excepting for their an 
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hular abrasive faces, in a suitable curable plastic or the 
like, such as Bakelite resin, which can be molded about 
them and cured, thereby also forming a strong rigid 
backing or support for the multiple abrasive rings. In 
Figure 3 the rings are shown so mounted in a strong rigid 
Bakelite backing B1 which, at its center, has molded into 
it a center hole so that it can be received onto the flanged 
sleeve 61 and clamped thereon, as by a spanner nut 65 
threaded onto the sleeve 61 as shown, which backing 
B1, at its rim-like outer portion, is of greater thickness 
than the three rings R, R2, R3 embedded and securely 
anchored therein with the cured resin enveloping all of 
the surfaces thereof excepting the front annular alined 
abrasive faces, thus also dependably insulating the con 
ductive rings from one another and interposing between 
adjacent rings solid non-conductive barriers against ac 
cess thereto of electrolyte, later mentioned. 
Any suitable means may be employed to secure the 

conductive abrasive rings against movement in direc 
tions outwardly (to the left in Figure 3) of the annular 
recesses in the insulating backing B in which they are 
seated, and an illustrative and convenient means com 
prises a continuous annular dovetail D integrally formed 
at the back of each ring, as shown in Figure 3, whereby, 
when the resinous or other plastic is molded and cured 
about the rings, the latter and the hard, tough cured 
material of the backing B1 are securely and rigidly inter 
locked. These dovetailed projections may be formed 
integrally with their respective conductive abrasive rings 
in any suitable manner, as by machining or turning them 
or molding them integrally with and at the same time 
that the conductive abrasive rings are molded or formed, 
illustratively in a manner about to be described. 
For the grinding of hard cemented carbides, such as 

those illustratively mentioned above, suitably bonded 
diamond grains, as of bort, are usually employed be 
cause silicon carbide abrasive grains grind the cemented 
carbides only slightly, and aluminum oxide grains grind 
them hardly at all, and in the illustrative embodiments 
of our invention we prefer to use diamond abrasive 
grains though, as will later appear more clearly, abra 
sive grains of other materials, including silicon carbide 
and aluminum oxide, may be employed; in order that 
the abrasive rings be conductive, the abrasive grains 
are metal-bonded, and, particularly where diamond grains 
are employed, it is preferred that they be embodied, at 
the respective abrasive faces of the rings, in only to a 
relatively small depth in relation to the over-all thick 
ness of the ring itself and, accordingly, as is clear from 
Figure 3, each ring comprises an outer abrasive portion 
66 of small thickness or depth and an inner and usually 
thicker and heavier portion 67 that need not contain 
diamond grains and is of metal throughout, serving as 
a strong rigid support or backing for the thinner dia 
mond-bearing portion 66. Where dovetail elements D 
are employed, they form part of the metal backing por 
tion 67, as indicated in Figure 3, and are integrally 
formed or molded therewith. 

In making the conductive abrasive rings R, R2, R3, 
any suitable or known methods or techniques may be 
employed and need not be described in detail here. 
For that matter, the patented art describes how, with 
the use of powdered metal, to make up a unitary integral 
abrasive ring or annulus having an outer diamond-bear 
ing abrasive portion and an inner support portion wholly 
of metal. We might note, however, that a usual method 
of manufacture comprises placing in a suitably shaped 
mold, to the desired depth, powdered metal that is to 
correspond to the non-abrasive backing portion and, after 
leveling or smoothing off, placing thereover a suitable 
depth of a mixture of diamond particles and powdered 
metal, to correspond with the abrasive portion and, after 
leveling or smoothing off, Subjecting the contents of the 
mold to substantial pressure and then sintering the pressed 
piece, usually in a protective atmosphere such as hydro 
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6 
gen. By appropriately shaping the mold parts the back 
ing portion 67 may be conformed to have a projecting 
dovetail part or ring, such as the dovetails D of Fig 
ure 3, or, as above noted, and since the backing portion 
67 contains no abrasive grains, the dovetails D need 
not be formed by molding but can be turned or ma 
chined to the desired shape after pressing and sintering 
are completed. 

In making the multiple conductive grinding rings, we 
may use any suitable metal bond appropriate for bond 
ing the abrasive grains and for giving the rings suitable 
electrical conductivity. In the abrasive-containing por 
tion of each ring, such as the portions 66 of Figure 3, 
the concentration of abrasive grains should, of course, 
not be so great as to detrimentally affect electrical con 
ductivity. For finely divided diamond as the abrasive 
grain, a concentration thereof in the abrasive portion on 
the order of 25% or less by volume is suitable. Of the 
many and various metals that are usable for metal-bond 
ing the diamond grains, we prefer to employ a mixture 
of copper and tin powders in the proportion of about 
82% copper and 18% tin, making for both excellent 
electrical conductivity and good bonding of the grains, 
and this same mixture of copper and tin is employed 
in making up the non-abrasive backings, such as the por 
tions 67 of Figure 3, and we set out the just-mentioned 
mixture of copper and tin as an illustration. 
The exposed operative faces of the abrasive portions 

65 of the conductive rings R, R2, R3, the latter being 
spaced and insulated from each other, as above described, 
are aligned, or tried to alignment, with each other, and 
in the embodiment shown in Figure 3, these grinding 
faces are in a plane at right angles to the axis of the 
grinding wheel 64 and hence at right angles to the axis 
of the grinding wheel spindle 46; the wheel head 45, 
carried at the top of the post 43 (Figures 1 and 2), can 
be set as above described and locked in position by the 
bolt 44 so that the just-described plane of the grinding 
surfaces of the several rings R, R2, R3, is at right angles 
to the cross slide 4 of the machine and parallel to the 
direction in which the work-table all is reciprocable 
(from right to left and vice versa in Figure 1) along the 
ways 12 and 13 provided on the cross slide 14 so that a 
work-piece, carried on table it in a manner later de 
scribed, can be moved toward or away from the multiple 
ring-faced grinding wheel as the cross slide 4 is moved 
rearwardly or forwardly of the machine base or traversed 
relative thereto as the table 1 reciprocates. 
The multi-ring-faced grinding wheel 64 is driven at a 

suitable speed to give its multiple ring grinding faces 
suitable surface speeds for appropriate abrasive action, 
being driven in clockwise direction as viewed in Figure 
1; suitable means are provided to electrically connect the 
rotating conductive abrasive rings into multiple supply 
and control circuits in which the work-piece, carried by 
the table , as is later described, is also included, ad 
jacent conductive abrasive rings being relatively closely 
spaced from each other, being separated as above de 
scribed by the insulating resinous material of the back 
ing B, so that the contiguous and aligned abrasive faces 
can simultaneously be contacted by the work-piece from 
which stock is to be removed electrolytically. Such 
means conveniently comprise slip rings insulated from 
each other and one for each conductive abrasive ring, 
and a brush for each slip ring, with the slip rings elec 
trically connected to the respective abrasive rings and 
mounted to rotate with the grinding wheel spindle 46. 

Preferably and in accordance with preferred features 
of our invention, the slip rings are carried and insulated 
from each other by the non-conductive back B of the 
grinding wheel 64, and preferably these slip rings, one 
for each conductive abrasive ring, and shown in Figure 
3 at S1, S2, S3, are mounted concentrically at the back 
face of the insulating wheel back Bl, and in juxtaposed 
relation to their respective conductive rings R, R2, R3 
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that are mounted at the front face of the wheel back B. 
These slip rings may be made of any suitable metal. 
such as copper, and various suitable means may be em 
ployed to secure them in position and to electrically con 
nect them each to the abrasive ring which it is to serve. 

For example, they may be given a cross-section which, 
aside from furnishing a good Surface for engagement 
with the brush or brushes, is adapted to interlock with 
the material of the insulating wheel back Bl, and in that 
case it is preferred to assemble them to the structure at 
the time of molding the back B as above described when 
the abrasive rings R, R2, R8 are also interengaged with 
the insulating material during the process of molding 
and curing, 

For example, the slip rings may be given a trapezoidal 
cross-section, as indicated in Figure 3, with the base of 
longer dimension embedded in and interengaged with the 
cured insulating material of which the back B is made, 
the portions of the latter and the slip rings forming 
complementary dovetails whereby a secure and depend 
able mounting of the slip rings results. The exposed 
concentric annular faces of the slip rings may be in the 
same plane and may be flush with the back face of the 
wheel back B, as indicated in Figure 3, where they are 
engaged by their respective stationary brushes, as is later 
described. 
The slip rings S1, S2, S3 are in electrical connection 

respectively with the conductive abrasive rings R, R, R3, 
and where abrasive rings and slip rings are assembled to 
the insulating wheel back B in the process of molding 
the latter, it is preferred to electrically interconnect each 
conductive abrasive ring with its slip ring by a suitable 
number, substantially equi-angularly spaced about the 
axis of the wheel structure, of relatively heavy flexible 
jumpers J between abrasive ring R and slip ring S, 
and jumpers J between abrasive ring ir and slip ring 
SP, and jumpers J8 between abrasive ring R3 and slip 
ring S3. These jumpers are preferably of good flexibility 
and hence are preferably of stranded copper wire. They 
are secured at their respective ends to abrasive rings 
and slip rings by any suitable means or in any suitable 
manner, illustratively by brazing, making a good me 
chanical and electrical connection. This is done before 
the thus-interconnected abrasive rings and slip rings are 
set into the mold that is to receive the moldable and 
curable plastic compound, such as the above-mentioned 
Bakelite resin, and the jumpers are of a length greater 
than is needed for the ultimate spacing in axial direction 
between each abrasive ring and its slip ring, by an amount 
corresponding substantially to the extent to which the 
uncured resinous material is subjected, in the mold, to 
compression in axial direction. During such compression 
the jumpers J, being of stranded wires, can give or 
yield or flex, assuming a somewhat wavy shape as indi 
cated in Figure 3, and though they yield in this manner 
as the distance between abrasive ring and slip ring is 
lessened they offer sufficient resistance to shortening up 
in this manner so as to coact in maintaining the abra 
sive ring in contact with one plate of the mold and the 
slip ring in contact with the other plate of the mold. 
Upon curing by heat, preferably while still under com 
pression, the resinous material is hardened and made 
rigid, and the conductive abrasive rings become securely 
anchored with their faces in the plane of the cured resi 
nous material at the front face of the grinding wheel, 
while the slip rings become securely anchored with their 
exposed faces flush with and in the plane of the rear face 
of the cured resinous material. 

If it is not desired to mount the slip rings in inter 
locked molded relation with the molded insulating ma 
terial of the back B, they may be mounted in position 
on the back face of the back after the latter has been 
molded and cured, in the manner shown in Figure 5. 
Upon completion of the molding and curing operation 
to interlock the conductive abrasive rings R, R2, R3 in 
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8 
position, a suitable number of equi-angularly spaced 
holes, one circular series for each abrasive ring, as indi 
cated at H1, HP, H3, are drilled from the back face of 
the cured wheel back Bll up to the dovetails D of the 
abrasive rings, whence these holes are extended but at 
smaller diameter into the backing parts 67, which con 
tain no abrasive grains, of the respective abrasive rings, 
and the holes in the metal backing portion 67 are tapped 
to provide them with threads for receiving screws 68, 
preferably of copper or of a copper-tin alloy, after the 
screws are passed through suitable countersunk holes in 
the respective slip rings, thus to clamp the latter securely 
and concentrically in position at the back face of the 
wheel back B, and at the same time forming multiple 
electrical connections of high-current-carrying capacity 
between each slip ring and its conductive abrasive ring. 
The screws may be headed, in which case the heads 

are countersunk into the slip rings, or the screws may 
be headless, in which case those portions that extend 
into the countersunk holes in the slip rings may be ra 
dially expanded by pressure or by peening to fill up 
the tapered holes in the slip ring, the taper being ap 
propriately portioned to the cold-flow characteristics of 
the metal of the screw shank to facilitate cold-flow ex 
pansion thereof as just mentioned. The faces of the 
slip rings may then be machined, as by turning in a lathe, 
or by grinding, to be sure that they fall in a plane at 
right angles to the axis of the grinding wheel and to 
be sure that the ends of the screws 68 are flush with the 
faces of their respective slip rings, thus to insure smooth 
coaction with the brushes of the circuits in which the 
parts are to coact. 

In Figure 6 is shown on a smaller scale a transverse 
section of the grinding wheel 64 as seen along the line 
6-6 of Figure 3; it shows the insulating back BI in 
transverse section, indicates in broken lines the slip 
rings S1, S2, S3, and shows in cross-section the Series of 
equi-angularly spaced connecting jumpers or connecting 
screws, one circular series for each set of conductive 
abrasive ring and slip ring. Each series of jumpers or 
connectors thus provides many parallel paths for cur 
rent flow between abrasive ring and slip ring, providing 
an over-all electrical connection between abrasive ring 
and slip ring that is of low resistance and of substantial 
current-carrying capacity, and the number and equi 
angular spacing thereof in each series coact and achieve 
minimum, if any, disturbance or variation in circuit 
resistance as the wheel rotates to move each slip ring 
relative to its brush, and to move each abrasive ring 
relative to the work-piece that is to be operated upon. 
As is better shown in Figure 3, the wheel head 45 

has secured to it, as by cap-screws as shown, a bracket 
69, which extends in a radial direction relative to the 
grinding wheel 64 and which is constructed in any suit 
able way to insulatingly support brushes 7G which cor 
respond in number to the number of slip rings and which 
are mounted in Suitable conductive sockets insulated 
from each other and alined along a radius and spaced 
from each other to position the operative ends of the 
brushes, which are spring-pressed to the left as seen in 
Figure 3, for engagement with the respective slip rings. 
Suitable means are provided, as indicated in Figure 3, 
to make electrical circuit connections with the respec 
tive brushes or their conductive carriers or sockets, for 
coaction in and control by circuit arrangements and 
controls later described. 
The resultant arrangement of the parts is compact, 

efficient and convenient; allined and conductive faces of 
the abrasive rings R, R2, R3 face forwardly of the ma 
chine and toward the work-table, while the slip rings 
S, S, S3 are carried on the opposite face of the wheel 
back B, being exposed rearwardly of the machine and 
toward the wheel head 45, with the brushes i) and the 
bracket holder 69 therefor neatly accommodated in the 
space between the wheel and the wheel head. Broadly 
similar advantages may be achieved when it is desired 
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to have the faces of the conductive abrasive rings alined 
other than at right angles to the axis of the wheel, as, 
for example, by locating the conductive abrasive rings 
about the periphery of the wheel as in Figure 4 while 
retaining the location of the slip rings at the back face 
of the wheel and adjacent the wheel head 45 for com 
pact and convenient coaction with the brushes and the 
brush-holding bracket. The wheel head 45, in such 
case, is set about the vertical axis of the post 43 (Fig 
ures 1 and 2) to give the desired geometric relation of 
the operative faces of the conductive rings to the work 
support or work-table, and illustratively, the wheel head 
45 may be set as indicated in Figure 4, and locked in po 
sition by the bolts 44, so that the axis of the grinding 
wheel spindle 46 is parallel to the direction in which 
the work-table 13 is reciprocable (from right to left and 
vice versa in Figure 1), in which relation the alined 
peripheral operative faces of the conductive rings R1, 
R2, R3 are also parallel to the direction of movement 
of the reciprocable table 11. It will now also be clear 
that the wheel head mounting and its adjustable position 
in the illustrated machine permit setting of the grinding 
wheel spindle and hence of the alined operative faces 
of the conductive abrasive rings at other angles, with 
the vertical axis of the post 43 as an axis of setting, ac 
cording to the varying requirements which particular types 
or shapes of work-pieces might impose. 

In Figures 4 and 7 the peripherally operative grinding 
wheel is designated as a whole by the reference char 
acter 7, and it is provided illustratively, as in the wheel 
construction of Figure 3, with three conductive abrasive 
rings R, R2, R3, which are constructed as those de 
scribed above in connection with Figure 3 excepting 
that they are of the same diameter, being embedded in 
and interlocked with the cured resin of the wheel back 
B°; the back B2 carries on one of its side faces slip rings 
S1, S2, S3, which may also be embedded in and inter 
locked with the material of the back B2 as, for example, 
by giving the slip rings a trapezoidal cross-section as 
described above in connection with Figure 3. They are 
concentric and preferably of smaller diameter than those 
of Figure 3 in order to position them nearer the axis of 
the wheel and more remote from the periphery at which 
the conductive abrasive rings are operative. They are 
engaged respectively by brushes 70 in the holder 69, 
which also is positioned nearer the axis of the grinding 
wheel spindle 46, being thus compactly accommodated 
in the space between the grinding wheel 71 and the wheel 
head 45. 
The rings R, R2, R3 are electrically connected re 

spectively to the slip rings S, SP, S8 in any suitable man 
ner and each by a suitable number of preferably equi 
angularly distributed jumpers or connector elements, as 
indicated at 72, 73, 74 in Figures 4 and 7. These con 
nector elements can be in the form of solid wires of 
copper or copper-tin alloy or the like, preferably rel 
atively heavy to give them good current-carrying ca 
pacity, each set forming a low resistance current-carry 
ing path between its conductive abrasive ring and slip 
ring. As is clear from Figures 4 and 7, these connec 
tor elements extend generally radially inwardly from 
the abrasive ring to the slip ring; each set of conductive 
abrasive rings and slip rings and the connector ele 
ments is initially assembled, each as a unit, the ends 
of the heavy wire connector elements being secured to 
the rings in any suitable manner, as by brazing, and 
by shaping the connector elements differently in the dif 
ferent sets, somewhat as shown in Figure 4, they are 
more easily set in position in the mold along with the 
uncured plastic or resinous material, the connector ele 
ments being sufficiently yieldable or bendable to yield 
somewhat under the pressure applied in the mold (down 
wardly as viewed in Figure 4) to permit appropriate 
relative movement between the abrasive rings and the 
mold bottom, whence curing of the resinous material 
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proceeds under heat. Upon completion of curing the 
peripheral face of the resultant structure can be trued 
to insure that the faces of the abrasive rings and the 
faces of the hard or rigid resinous material at the pe 
riphery all fall in the desired surface of revolution, and 
also the sides of the wheel can be trued for balance 
and also to face off the exposed portions of the slip 
rings for proper coactions with their respective brushes. 

Referring now to Figures 1 and 2, the table 11 which 
may also be called a carriage supports a swivel table 
75 which can be set at various angles on the table 11 
and clamped in place, all in a manner well known in 
the grinding machine art. The upper portion of the 
swivel table 75 is in the form of an elongated dovetail 
upon which is mounted, for securing in any desired po 
sition along the table 75, a dovetailed cut-out bottom 
of a work-holding fixture 78 which is secured in such 
desired position by means of a screw 79. By means 
of a bolt and nut combination 80 extending through 
spaced parallel upright portions, 81 of the fixture 78 a 
vise base 82 is secured in desired angular position (on 
a horizontal axis of adjustment) to the fixture 78. Re 
ferring now to Figure 3, a movable vise jaw 83 and a 
fixed wise jaw 84 cooperate to hold a metal work-hold 
ing bar 85 with interposed insulating pieces 86 between 
them and also under the work-holding bar 85. Re 
ferring to Figure 2, the movable vise jaw 83 is oper 
ated by the usual screw 87 through a hole in the end 
of which extends the usual rod type handle 88 and the 
screw 87 of course engages a nut or nut portion, not 
shown, affixed to or integral with the vise base 82. 
Thus the metal work-holding bar 85 is held and clamped 
by the vise but is electrically insulated therefrom while 
the wise is secured to the swivel table 75 which in turn 
is secured to the reciprocable work-table or carriage 11 
and provision is made for all sorts of adjustments, name 
ly, to adjust the position of the work-holding bar 85 
along the length of the table 11, to adjust the bar 85 
angularly on a vertical axis and angularly on a hori 
zontal axis while the hand wheel 56 can be used to 
raise and lower the post 43 and the grinding wheel that 
is carried by it, relative to the work-holding bar 85. 
The work-piece is indicated by the reference char 

acter W, and for purposes of illustration it is shown, 
in the drawings, in the form of a block, in the shape 
of a rectangular parallelepiped; illustratively, it can be 
a piece of cemented carbide of the kind above described. 
The work-holding bar 85 is provided with any suitable 
means for solidly supporting and Securing the Work 
piece W, preferably so that it can be easily removed 
and shifted or replaced; for purposes of explaining the 
coactions and features of our invention, it will Suffice if 
the work-holding bar 85 is provided with a suitably 
shaped hole as shown in Figures 3 and 4 into which 
the work-piece or block W just about fits, being tightly 
secured against dislodgement by a screw 89 which can 
be easily and quickly manipulated by a simple form of 
wrench. With this arrangement the vise 83-84 need 
not be operated each time the work-piece W is replaced, 
and in that manner the above-described arrangement 
of insulating the work-holder 85, as by the insulating 
pieces 86, need not be disturbed. As shown in Figures 
3 and 4, the work-holding bar 35 is provided with a 
relatively heavy capscrew 85a at an end thereof re 
mote from its work-holding end, whereby a heavy con 
ductor provided with a suitable heavy sheet metal con 
nector may be mechanically and electrically connected 
to the work-holder bar 85 and thus connect the Work 
piece W itself into the electrical circuit or circuits, 
later described. 
By the above-described adjustments of swivel table 

75 and others, the face or part of the work-piece W 
and the multi-ring conductive operative surface of the 
grinding wheel may be set in relation to one another 
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and the wide flexibility of relative adjustments makes 
it possible to meet a wide variety of varying require 
ments in practical use, mostly dictated by the shape or 
conformation which the face or part of the work-piece 
W has initially or in the rough and the shape or con 
formation to which it is to be ground. For a readier 
understanding of the functioning and advantages of our 
invention, however, it may be assumed that stock is to 
be removed from the rectangular end face of the work 
piece or block W and that this face is to be at right 
angles to the longitudinal axis of the block W itself. 
Accordingly, the machine parts are set or adjusted as 
shown in Figure 3 in connection with which those set 
tings are above described, it being noted that, in this 
simple illustration, the hole in the work-holder 85 that 
receives the work-piece W is shaped or positioned so 
that the block W is held with its longitudinal axis hori 
Zontal and at right angles to the plane of the multi 
ring abrasive face of the wheel 64. It will now be ap 
parent that, where the peripherally operative grind 
ing wheel 71 of Figures 4 and 7 is employed, similar 
flexibility of adjustment and setting of the various parts 
may be readily had, and in Figure 4, again to facilitate 
a readier understanding of our invention, the same 
work-piece W is shown with all of the machine parts 
set as described above in connection with Figure 3 ex 
cepting that the wheel head 45 is set to bring the multi 
ring-faced periphery of the grinding wheel 71 into the 
desired relation to the work-piece W. The radial di 
mensions of the abrasive rings R, R2, R8, of Figure 3, 
and the axial spacing of the rings R, R2, R8, of Fig 
ure 4, being closely spaced as above described, are such, 
in relation to the face or part of the work-piece to be 
operated upon, that at least several, if not all, of the 
rings R, R2, R3 are presented to the work-piece; as in 
dicated in both Figures 3 and 4, the face of the work 
piece that is juxtaposed to the grinding wheel is of a 
dimension such that it can bridge two or more of the 
rings, and preferably all of them; in Such case the ad 
justments provided in the machine readily permit set 
ting of the work-piece in the just-described desired re 
lation. 

It will of course be understood that the work-piece 
may be of substantial dimension or length, materially ex 
ceeding the over-all width of the multi-ring face of the 
grinding wheel, and in such case the reciprocable table 11 
may be set in motion, manually or by power, and may 
also be reciprocated manually or by power to traverse the 
part of such a long work-piece relative to the grinding 
wheel. In Figures 3 and 4 the double-headed arrow indi 
cates such movability of the table 11, the mechanism for 
effecting such movement having been earlier above de 
scribed generally, and specifically by reference to Patent 
No. 2,101,787. In such case the line of movement of the 
table and hence of the long work-piece is parallel to 
the side face of the grinding wheel 64 in Figure 3 and 
is parallel to the multi-ring peripheral grinding face of 
grinding wheel 71 of Figure 4, the general path of con 
tact of the work-piece with the wheel being along a hori 
zontal radius of the wheel 64 of Figure 3, as better ap 
pears from Figur 8, and along a line parallel to the 
axis of the grinding wheel 71 of Figure 4, and at about 
the height of that axis, as better appears from Figure 9. 

Referring now to Figure 2, for a continuous power 
infeed of the cross slide 14 to advance the work-piece W 
at a steady rate toward the multi-ring face of the grind 
ing wheel as the work-piece is reciprocated by the table 
11, an electric motor 90 drives a speed-reducing mecha 
nism 91 which is secured to the rear end of the rear 
wardly projecting portion 19, and the Speed-reducing 
mechanism 91 drives a sprocket pinion 92 connected by 
a sprocket chain 93 to a large sprocket gear 94 which is 
secured to the rear end of the screw shaft i6. In the prac 
tice of the invention this power infeed can be used or 
the work-piece and the grinding wheel can be advanced, 

5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

12 
one relative to the other, by manually rotating the hand 
wheel 20 or any other desired infeed mechanism can be 
employed, such as the well-known intermittent infeed 
found on many types of grinders. However, for elec 
trolytic grinding of short work-pieces like the work-piece 
W, a continuous infeed such as produced by the mecha 
nism just described is preferred, preferably accompanied 
by reciprocation of work-table 1 in short strokes suited 
to the widths of the work-piece face and of the sub 
divided grinding wheel. 

Referring now to Figure 1, we provide a tank 95 con 
taining liquid 96 which in accordance with this invention 
is an electrolyte. Ordinary salt water will do very well, 
that is, a solution of sodium chloride in water. The solu 
tion should be reasonably concentrated, which is easily 
done by dumping a surplus of common salt into the tank 
90 when it is full of pure water, then stirring, as any 
salt which will not dissolve will simply rest on the bottom. 
Other salts can be used, but for keeping corrosion at a 
minimum the very corrosive salts such as calcium chlo 
ride, magnesium chloride and zinc chloride will prefer 
ably be avoided. Salts such as salammoniac (ammoni 
um chloride) can be used. The carbonates such as sodium 
carbonate and potassium carbonate can be used and in 
Some cases may be preferred as they are somewhat less 
corrosive than sodium chloride. 
Mounted on the cover-plate 97 on the tank 95 is an 

electric motor 98 which drives a pump 99, the input end 
of which is connected by means of a pipe 100 to the in 
side of the tank 95, the open end of the pipe 100 being 
preferably near the bottom of the tank. The output end 
of the pump 99 is connected by pipes 101, 102 and 103 to 
a flexible hose 104 which is connected to a valve 105 on 
the end of a pipe 106 mounted on the wheel guard cover 
107 (Figure 8) of a wheel guard 107 secured by brack 
ets 108 and 109 to the wheel head 45. The other end of 
the pipe 106 is connected to a broad-mouthed nozzle N 
carried by a deformable tube 110 which can be bent with 
the hand to give its nozzle end the desired location, and 
when bent into a particular shape will keep that shape 
despite the flow of liquid therethrough under moderate 
pressure. This deformable tube 110 is set in such shape 
as to direct the electrolyte discharged from the nozzle N 
onto the face of the grinding wheel over and throughout 
the entire width thereof at the locus where, as above de 
scribed, the alined multiple grinding surfaces of rings 
R, R2, R3, are contacted or nearly contacted by the 
work-piece W. Figures 8 and 9 show this setting of the 
nozzle N: appropriately its mouth is slot-like to spread 
the electrolyte discharge onto and throughout the over 
all width of the multiple conductive grinding surfaces of 
the rings. - 

Referring to Figure 1, the liquid which flows onto the 
work-piece W is eventually collected by a large pan 111 
which is built around the top of the table 11; as shown 
in Figure 2, a spout 112 collects the liquid and allows it 
to flow into a stationary pan 113 supported by the col 
umn 41 and extending for the full length of maximum 
travel of the spout 112. A return pipe 114 extends from 
the pan 113 to the tank 95. 

In Figure 10 we have shown diagrammatically a sim 
plified circuit arrangement in coaction with which the 
multiple conductive ring grinding wheel, such as those 
above described, can achieve a number of advantages and 
improve the action and capacity for stock removal by 
electrolytic decomposition. We provide a suitable source 
of current, illustratively a storage battery 120, one ter 
minal of which, preferably grounded, is connected to the 
work-piece W, as by utilizing the connector screw 85 
of Figures 3 and 4; its other terminal is connected, by 
separate conductors, to the conductive abrasive rings, each 
through a separate control resistance which is preferably 
variable. In the illustrative embodiments of grinding 
wheel constructions above described three conductive 
abrasive rings are employed for purposes of illustration. 
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and in Figure'. 10 these three rings R, R2, R3, together 
making up the operative grinding face, are diagrammati 
cally shown with the work-pieze W juxtaposed thereto and 
slightly spaced therefrom, and diagrammatically indicated 
are also their respective slip rings S1, S2, S8, with their 
respective brushes 70. There are thus formed three cur 
rent-supplying circuits, one for each conductive abrasive 
ring each with its own controi resistance, T, T, T3 re 
spectively, these circuits having the work-piece W as a 
common conductive part and, in the illustration, they hap 
pen to have in common the same source of electrical 
energy, though that is by way of simplified illustration 
and not by way of limitation. 

In order better to understand the coactions and advan 
tages of the multiple-ring wheel and associated control cir 
cuit arrangement of Figure 10, reference may be had to 
Figure 11, and consideration may be given to how certain 
of the difficulties and disadvantages earlier above men 
tioned arise and occur when stock removal is effected from 
the work-piece W by using a conductive grinding wheel G 
that presents only a single conductive abrasive surface 
juxtaposed to the work-piece W, as is diagrammatically 
indicated in Figure 11. Workpiece W and conductive 
grinding wheel G are in circuit with a suitable source of 
energy such as a storage battery 12 and a control resist 
ance T, usually variable, all arranged in series, with the 
electrolyte interposed between the juxtaposed faces of 
the work W and the grinding wheel G also included in 
the series circuit. The rate of electrolytic decomposition 
of the metal of the work-piece W at the work-wheel inter 
face is proportional to the current flow and hence it is 
desired to employ high-current density, illustratively on 
the order of hundreds of amperes per square inch. In 
practice, however, it is found that much lower current 
densities have to be employed, thus materially diminish 
ing the rate of stock removal, and even then disadvantages 
and difficulties are present, such as arcing, high rate of 
wheel wear, and the like, even when provision is made 
to limit maximum permissible current flow, as by the ex 
ternal resistor T in Figure 11. 

In such a circuit as in Figure i1 the ohmic value of the 
resistor T is made several times as great as the normal op 
erating value of the resistance at the work-wheel inter 
face where the electrolytic action takes place, and accord 
ingly, when normal or usual variations take place in the 
work-wheel resistance they will have substantially negli 
gible effect upon the current flow at the interface and Sub 
stantially uniform current density throughout the inter 
face is maintained. The resistor T thus acts to maintain 
substantial constancy of average value of current flow in 
the circuit in that the actual value of current may fluctuate 
through a small range about its average value. For ex 
ample, if the resistor T has a resistance of one ohm and 
the work-wheel resistance has a value of 0.2 ohm, a fifty 
per cent change in the latter resistance causes a change of 
only about eight per cent in the current flow in the circuit. 

In such an arrangement and circuit, if the current is 
adjusted, by setting the variable resistor T, to a suitable 
value when its distribution over the work-wheel interface 
is uniform, and desirably it is sought to set the current 
value at as high a level as possible, then when any circum 
stance arises that causes a reduction in the contact area 
at the juxtaposed work-piece W and conductive grinding 
wheel G and causes the current density to exceed the criti 
cal limit, destructive arcing results. The contact area 
may be reduced and the critical limit of current density 
exceeded in various ways. For example, a bodily shift 
of the work-piece W relative to the grinding wheel G, 
such as a relative traversing movement between the two in 
a direction parallel to the work-wheel interface, can so 
diminish the contact area; moreover, such a relative trav 
ersing movement can be of an extent to run the work-piece 
W completely off the conductive face of the grinding wheel 
G, effecting a constantly increasing diminution of con 
tact area and constantly increasing current density, both 
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being reduced to zero upon complete separation of work 
piece from grinding wheel. Destructive arcing results. 
Arcing may also occur even when the apparent contact 
area is a large fraction of the maximum possible contact 
area if the current flow in the circuit and at the work 
wheel interface is above that value which is above the 
critical arcing current flow; apparently small discontinui 
ties in the work-piece surface tend to cause current con 
centrations in areas much smaller than the apparent con 
tact area between work-piece and grinding wheel, and such 
concentrations produce local heating, and lead to the 
formation of destructive arcs, the total current in effect 
funneling through the small arcing area. 

It is such undesirable actions and difficulties that can 
arise with an arrangement and circuit as in Figure 11; 
by way of illustration it may, in operation, be limited in 
its stock removal capacity by having to set the resistor T 
to function to maintain a constant average flow of cur 
rent on the order of, say, 60 amperes, and still be sub 
ject to the hazards of arcing and consequent reduction in 
wheel life, such as those above described. However, and 
referring now to Figure 10, by providing separate conduc 
tive abrasive rings R, R2, R, each in a circuit having its 
own resistor, the resistors T, T2, T3 respectively, and 
setting each of the latter so that each functions in its own 
circuit to maintain substantially constant average value 
of current on the order of only one-third of the above 
assumed critical value of 60 amperes, the above-men 
tioned hazards are greatly lessened. The total current 
flow of 60 amperes still occurs, meaning that the same rate 
of electrolytic decomposition can and does take place, 
but there is no work-wheel interface at which that total of 
60 amperes can be concentrated. If the apparent contact 
area is reduced, as by relative traversing movement be 
tween the work-piece W and the multi-ring grinding wheel, 
so that only two conductive abrasive rings are juxtaposed 
to the work-piece, only two of the three circuits remain 
effective and the maximum possible current flow at the in 
terface is reduced to two-thirds, namely, 40 amperes, and 
even that remains broken down or subdivided between 
the two effective circuits at 20 amperes each. If such 
traverse continues so that only one conductive abrasive 
ring remains juxtaposed to the work face, the contact area 
is reduced to one-third, but it is impossible for the initial 
total current value of 60 amperes to be effective thereat 
because that remaining conductive abrasive ring is in its 
own circuit in which the total current value is only one 
third, namely 20 amperes. Nor can discontinuities in the 
work face cause excessive current concentrations; any such 
discontinuity finds itself juxtaposed to the face of one or 
an other of the multiple conductive abrasive rings, and the 
circuit of that conductive ring is self-regulating at a cur 
rent value such that insufficient current can flow to bring 
about destructive arcing or funneling through a small 
arcing area. 

It will now be understood that by increasing the num 
ber of conductive abrasive rings, these coactions and 
mode of operation bring about corresponding reduction 
in the permissible current flow in the respective circuits 
of the conductive abrasive rings; for example, four con 
ductive abrasive rings, each in its own control circuit, 
would reduce the maximum current flow to 15 amperes 
in each circuit while maintaining the total current flow at 
60 amperes. Accordingly, for any given set of cir 
cumstances, the maximum current that can flow in any 
small area of the work-wheel interface can be reduced 
to any selected or suitable value by providing the grind 
ing wheel with a sufficient number of individual con 
ductive abrasive elements, in relation to the total current 
flow, and by appropriately setting the controls, such as 
the variable resistors of Figure 10. 

It is possible, however, with a given number of indi 
vidual conductive abrasive rings, to materially increase 
the total current and thus materially, increase the stock 
removal by electrolytic decomposition. For example, 
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with three abrasive elements R, R2, R3, as in Figure 10, 
to set the control resistors T1, T2, T3, at values such that 
the current in each circuit (instead of being 20 amperes, 
as in the illustration given above, where the total current 
flow is 60 amperes), is of a much higher value and, as 
is later described, may substantially equal the critical 
value itself. For example, the current flow in each cir 
cuit may be on the order of, say, 40 amperes, two-thirds 
of the assumed critical value of 60 amperes; in such case, 
the total current flow is 120 amperes, doubling the rate 
of electrolytic decomposition and yet the maximum pos 
sible current flow at any portion of the work-wheel inter 
face can never exceed 40 amperes, a value materially 
less than the critical value of 60 amperes. Thus, stock 
removal capacity can be increased and risk of damage 
to the grinding wheel, as by arcing, lessened. And by 
increasing the number of individual conductive abrasive 
rings, the stock removal capacity can be further increased. 
Thus, in the illustration just given, with the provision of 
four abrasive rings, each with its own control circuit set 
at 40 amperes maximum current flow, the total current 
flow is increased to 160 amperes (as against 60 amperes) 
and lessening of risk of damage to the wheel still 
achieved. Moreover, if the critical current is, as in the 
above illustration, 60 amperes, the circuit of each of the 
Several conductive abrasive rings can be set for 60 am 
peres so that with three abrasive rings, such as rings Rl, 
R, R3, of Figure 10, the total current flow is increased 
to 180 amperes, with four conductive abrasive rings it 
is increased to 240 amperes, and so on, the stock-remov 
ing capacity by electrolytic decomposition of the metal 
of the work-piece W being correspondingly increased, 
while at the same time, though high values of total cur 
rent are effective, maximum current flow at any portion 
of the subdivided work-wheel interface is held at a rela 
tively low value, namely, 60 amperes. 

In the just-stated illustrations it is assumed that the 
relationship of like or uniform conditions exists through 
out the several work-wheel interfaces, which are three 
in number if three conductive abrasive elements are em 
ployed, four in number if four such elements are em 
ployed, and so on. So long as substantially equal con 
ditions exist at these several interfaces, the voltage drops 
across these interfaces are substantially equal and the 
Several conductive abrasive elements are of or at sub 
stantially the same potential. It is not always feasible, 
because of various factors, to maintain such equality of 
contact conditions and hence of voltage drops across the 
several interfaces; for example, it may be necessary to 
reciprocate or traverse the work-piece W (as by appro 
priately moving the table 11 of Figures 1 and 2 as above 
described) and thus, for example at one or both ends of 
reciprocating strokes of the work W, the area of ap 
parent contact of the work-piece W with an end end abra 
sive ring is greatly diminished even though the full con 
tact area is maintained at the next adjacent ring. In 
such case the voltage drop at the latter remains about the 
same, while the voltage drop across the reduced area of 
interface between the end ring and the work is greatly 
increased because the resistance therebetween increases 
with decrease in apparent contact area, other factors be 
ing equal. Accordingly, the potential of the end ring, 
in this illustration, is raised above the potential of the 
next adjacent ring; the resultant difference in potential 
between such two rings causes a current flow to pass 
from one to the other through the electrolyte which bathes 
both the conductive and non-conductive parts of the 
operative face of the grinding wheel (see Figure 3 or 
Figure 4), and electrolytic etching can take place on 
the conductive abrasive ring. The more positive con 
ductive abrasive ring feeds current through the electrolyte 
on the wheel surfaces to its more negative neighboring 
conductive ring, and the resultant current flow electro 
lytically etches the more positive abrasive ring. In ef 
fect, therefore, electrolytic decomposition takes place, and 
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this of course is undesirable, amounting to excessive or 
destructive wheel wear. It will now be apparent that 
such detrimental electrolytic decomposition of one con 
ductive abrasive ring relative to another can be caused 
by other conditions, such as, for example, inequality of 
pressures of contact between the work-piece and the re 
spective rings, or inequalities in the spacings between the 
work face and the respective conductive abrasive rings. 
It will be understood that there is always electrolyte at 
and throughout the work-wheel interfaces and that the 
stock removal from the work W may or may not be ac 
companied by abrasive action by the grinding wheel abra 
sive rings, depending in turn upon various factors, such 
as rate of infeed of the work W relative to the grinding 
wheel. At low rate of infeed, for a given total current 
flow, stock removal can take place by electrolytic de 
composition alone, there being substantially no contact 
between work face and conductive abrasive surfaces, the 
spacing therebetween being on the order of a thousandth 
of an inch or a fraction thereof; with somewhat higher 
rate of infeed stock removal can be made to take place 
by both electrolytic decomposition and abrasive action 
which means that contact between work face and con 
ductive abrasive rings can be maintained as infeed pro 
ceeds. 

Accordingly, abrasive action by the abrasive grains of 
the several rings R, R2, R3 does or does not take place 
according as there is or is not physical contact between 
the work W and the conductive abrasive rings at their 
respective interfaces. But whether there is or is not 
physical contact at these interfaces, the electrolyte, Sup 
plied and distributed thereto by the nozzle N, is always 
present between these faces and because of its good 
electrical conductivity insures maintenance of good and 
substantially uniform electrical surface-contact with work 
face and ring-faces throughout whatever happens to be 
the area or overlap, which may vary as above noted and 
as later described, at any particular work-ring interface; 
with electrolyte always interposed at each interface and 
with the work-ring contact actual, stock removal is 
effected by both electrolytic decomposition and abrasive 
action, and when, at the interface, contact is not actual 
and hence is only "apparent,” stock removal takes place 
by electrolytic decomposition without accompanying abra 
sive action. In the latter case stock removal or "grind 
ing' proceeds without any wear on the abrasive rings 
R1, R2, R3, and in the former case the rate of stock re 
moval is due to the combined factors of abrasive action 
and electrolytic action. 
The rotary movement of the faces of the rings R, 

R2, R3, being clockwise as viewed in Figure 1, coacts to 
bring electrolyte downwardly (Figures 8 and 9) inbe 
tween the overlapped or juxtaposed work-ring faces 
whether their contact is actual or apparent, aided also 
by the downwardly moving electrolyte discharge from 
the nozzle N (Figures 8 and 9), and the continued down 
ward rotary movement of these ring faces past the work 
W serves also to sweep the electrolyte downwardly across 
the face of the work-piece W; these actions are continu 
ous and rapid and, in coaction with the current passing 
through the electrolyte at each of the several interfaces, 
produce an effect like the abrasive action of a grinding 
wheel, namely, a good surface on the face of the work 
piece W which is substantially the mate for the surface 
of the multiple-ring wheel. 

Thus, removal of stock from the work-piece, where the 
conductive rings R, R2, R3 contain abrasive grains, can 
be variously effected and at various rates according as the 
action on the work-piece is by electrolytic "grinding' 
action alone or is by both such electrolytic action and 
abrasive action of the abrasive grains in the conductive 
rings. Accordingly, as for the grinding of hard carbide 
tools, recourse to the use of diamond abrasive grains 
need not be had and stock removal from Such material 
can be dependably effected. Moreover, and also for the 
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grinding of other conductive materials or metals or alloys, 
less costly and less effective abrasive grains than diamond 
bort, such as aluminum oxide, silicon carbide or even 
quartz sand, may be employed where some abrasive action 
by the conductive rings R1, R2, R3 may be necessary or 
desired, and high rate of stock removal achieved mainly 
by the electrolytic "grinding' action. In the illustrative 
and preferred embodiment of grinding wheel construc 
tions provided for our herein disclosed apparatus and 
system, the slip rings S1, S2, S3, though carried by the 
grinding wheel back (back B of Figures 3, 5, 6 and 8, 
and back B2 of Figures 5, 7 and 9), are so located in 
relation to the faces of the conductive rings R, R2, R3 
as to be out of the range of electrolyte that is supplied to 
the rapidly rotating ring faces and ultimately cast off of 
them centrifugally (downwardly in both Figure 8 and 

As appears better from Figure 3, in the - Figure 9). 
there illustrated embodiment, though the slip rings S, 
S2, S3 are of substantially the same respective radii as the 
conductive rings R, R2, R3, they are on opposite side 
faces of the back B, and electrolyte supplied to the front 
face, where the conductive rings R, R2, R3 are located, 
is prevented from reaching the slip rings, being cen 
trifugally cast off, including such electrolyte as might 
even reach the periphery of the wheel 64 of Figure 3. 
In the illustrative embodiment of Figure 4 the slip rings 
are all of lesser radius than the radii of the conductive 
rings so that electrolyte supplied to the wheel at the latter 
surfaces of greater radii is prevented from reaching the 
slip rings of lesser radii by the centrifugal forces acting 
upon it. In the form of Figure 4, the slip rings are thus 
also out of range of centrifugally thrown electrolyte. 
Thus, consistently good and uniform electrical contacts, 
unaffected by the electrolyte or electrolytic action, can 
be maintained between the slip rings and their respective 
brushes 70, thus coacting to avoid detrimental inter 
ference with or variation of circuit resistances and coact 
ing toward obtaining the intended responses of various 
electrical control means or devices such as those described 
above in connection with Figure 10 and those about to 
be described in connection with Figure 12. 
Though, as above pointed out, stock removal by elec 

trolytic decomposition at the work face may or may not 
be accompanied by abrasive action, it is in either case 
desirable to achieve high current densities for high rate 
of stock removal while at the same time preventing detri 
mental arcing or other action as would damage or destroy 
the conductive rings or cause detrimental or harmful 
irregularities or discontinuities in their conductive sur 
faces; as above noted, conditions can arise where the ring 
surfaces can be damaged by electrolytic decomposition 
of one conductive ring serving as an anode to another 
conductive ring serving as a cathode. 
By certain other features of our invention we are en 

abled to avoid detrimental electrolytic etching or decom 
position of the conductive abrasive rings relative to one 
another, and also to achieve greater stock removal capac 
ity by electrolytic decomposition accompanied by safe 
and efficient stability of action even though various con 
ditions of inequality or the like, such as those illustra 
tively above noted, come into being. An illustrative cir 
cuit arrangement and controls is diagrammatically shown 
in Figure 12, where again, for purposes of illustration, 
the work-piece W and the three rings R, R2, R3 and the 
slip rings S1, S2, S3 are shown as they are in Figure 10, 6i 
all related to a suitable source of current, such as the 
storage battery 120, the same as described above in con 
nection with Figure 10. There are individual current 
supply circuits, one for each conductive abrasive ring, 
and while they have the work-piece W as a common part 
of the three circuits, there are individual variable control 
resistors, one for each circuit, being indicated in Figure 
12 at T1, T2, T3, each arranged serially in the circuit 
of its associated conductive abrasive ring, the same as 
in Figure 10. 
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More specifically, the circuit for the work-wheel inter 

face at ring R extends from battery 20, conductor 23, 
work W, ring R, slip ring S, brush 70, conductor 125 
and variable resistor T, and by conductor 126, back to 
the other side of battery 20. 

For the work-wheel interface between work W and ring 
R2 the circuit extends from battery 120, conductor 133, 
work W, ring R2, slip ring S2, brush 70, conductor 135, 
variable resistor T, and then by way of conductor 136 
back to the other side of battery 120. 
The circuit for the work-wheel interfere between the 

work W and ring R3 extends from battery 120, conductor 
143, work W, ring R3, slip ring S3, brush 70, conductor 
145, variable resistor T3, and then by way of conductor 
146 back to the other side of the battery 120. 

If for any one of these three circuits the remaining 
ones are momentarily disregarded, it is found that, at 
the current flow at or below the critical current, for ex 
ample 40 amperes, the voltage drop from work to wheel 
ring is approximately six volts, with the ring face and work 
face juxtaposed for maximum area of contact or of ap 
parent contact, and there is uniform current density. 
Under these circumstances, there is no detrimental arcing 
and the operation proceeds smoothly. If, however, the 
Current is raised to 70 amperes severe and destructive 
arcing occurs, greatly reducing wheel life. That this is 
so can be determined by a single circuit arrangement 
like that of Figure 11 and has, in fact, been so deter 
mined; when operating at the 40-ampere level in such 
a single circuit as in Figure 11 it has been found that the 
work to wheel voltage drop very rarely goes materially 
below the six-volt value above stated, but if the work 
W is traversed relative to the grinding wheel G in Figure 
11, as the end of the stroke and hence the end of the over 
lap of Work W and wheel G are aproached, thus pro 
gressively diminishing the contact area at the interface, 
the voltage drop between work W and grinding wheel 
G may rise to several times the six-volt value. This 
shows that as the contact area is lessened as the end 
of overlap is approached the current density increases 
Substantially, since the 40 amperes are distributed 
throughout a smaller and, in fact, diminishing contact 
area; accordingly, current density is much higher toward 
the ends of the stroke of reciprocating traverse of the 
Work W relative to the grinding wheel G than it is at 
the center of the stroke. This is demonstrable in the 
just-described arrangement of Figure 11 under typical 
or illustrative operating conditions in which the work W is 
a tungsten carbide block presenting a work face measur 
ing % inch by 34 inch to a metal-bonded diamond wheel 
G having a face width of 34 inches, with sodium chloride 
Solution as the electrolyte, and the work-piece pressed 
against the grinding wheel G at a pressure of 20 pounds. 
These considerations will aid toward a readier under 
Standing of the features of our system as illustrated in 
Figure 12, and give some idea of the magnitude of the 
voltage-drop changes that can take place between any one 
of the conductive abrasive rings R, R2, R3 and the work 
W, and indicate the order of magnitude of differences 
of potential that can be created between adjacent or 
Successive ones of the conductive abrasive rings R, R2, 
R3. 

Referring to Figure 12 we provide a variable resistance, 
preferably in the form of a carbon pile, shunted across 
each work-ring gap or interface, as shown at P1, P2, P3, 
the piles being conveniently connected across the main 
current feed lines 123-125, 133-135, and 143-145 
that lead to the respective work-ring gaps or interfaces. 
These piles P1, P2, P3 coact respectively with the variable 
resistors T, T, T3 by controls or control circuits, of 
which the respective piles and variable resistors form re 
spective parts, these control circuits being generally in 
dicated as a whole, in Figure 12, for each of the three 
illustrative work-wheel-ring circuits, by the reference char 
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acters C, C2, C3 respectively, and since they are the 
same it will suffice to describe one of them in detail 
while, however, pointing out the coactions therebetween 
and their respective modes of operation with respect to the 
several work-wheel ring gaps or interfaces. 
The carbon pile is constructed and arranged, in any 

suitable manner, for control of its variable resistance by 
control of the compression of the contacting carbon plates 
of the pile; for example, one end of the pile may be 
held stationary or anchored in any suitable way and a 
variable and controllable pressure applied to its other end, 
as by a lever 126, pivoted at 27, so that one lever arm 
operates against the end of the pile while at the other 
end of the lever is connected the core 28 of a solenoid, 
the winding of which is indicated at 29, the pull of 
the solenoid in a direction to increase the pressure on the 
pile and thus decrease its resistance being opposed in 
any suitable manner, as by an adjustable spring 36. 
Accordingly, when the solenoid winding 29 is not ener 
gized or is insufficiently energized to overcome the pull 
of spring 130, the latter holds the lever 26 in a posi 
tion, as against a stop 131, such that the right end of 
the lever 126 exerts a minimum or no substantial pres 
sure on the carbon pile and accordingly, the resistance 
of the latter is at a maximum, preferably high enough so 
that substantially no current flows through the pile and 
the current flow from the battery 120 through the resistor 
Tl passes at substantially full value across the interface 
between ring R1 and the work W. Illustratively, with 
the battery 120 having an operating voltage on the order 
of 46 volts, that current flow, illustratively, is 40 amperes 
where the resistor T is set to have a resistance of one 
ohm. Should substantial pressure be applied to the car 
bon pile, the current flow of 40 amperes from the battery 
through the resistor T1 continues but is now divided, 
some of the current passing through the interface be 
tween ring R1 and work W, and the rest passing through 
the carbon pile, which thus shunts or bypasses the work 
wheel interface or gap, and as will presently be seen it 
can do so variably. 
The solenoid winding 129 is arranged to respond to 

changes in the voltage drop across the work-ring inter 
face that is shunted by the carbon pile which the winding 
controls, and an illustrative and convenient arrangement 
is like that shown in Figure 12, wherein is shown a 
Wheatstone bridge type of vacuum tube amplifier circuit 
in which the carbon pile control winding 129 is connected 
across the output terminals a and c of the bridge, the 
bridge comprising resistances $32, 137, 138, and a three 
element vacuum tube or triode 39 connected as shown 
to provide input terminals b and d, to one of which, 
terminal b, is connected one side of a suitable battery 
140, the other side of which is connected as shown to 
one end of resistance 138 and also through a resistance 
14 to the grid of the triode 39, a conductor 42 con 
necting the grid to the main circuit conductor 25 which 
leads to the conductive abrasive ring R. Bridged across 
the main circuit on the battery side of the variable re 
sistor TI is a resistance 147 provided with a variable tap 
148 which is connected, as shown, to the battery side 
of the resistance 141, the resistance 147 and variable 
tap 148 forming a reference voltage control for setting 
the level or standard of potential response of the grid 
of the triode 139. The point d of the bridge is shiftable 
along the resistance 138, being in effect a variable tap 
and thereby providing for tube bias control. The point 
c of the bridge is shiftable relative to the resistance 137, 
being in effect a variable tap by which, with the other 
controls mentioned, the bridge may be balanced accord 
ing to the portions of the resistance 137 which the se 
lected location of the shiftable point c allocates to the 
respective arms b-c and c-d. 
For each work-abrasive ring interface there is thus 

provided a control circuit such as that just described 
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2 
above, the control circuit C1 coacting with the interface 
between the work W and the ring R, the control circuit 
C2 coacting with the interface between the work W and 
the ring R2, the control circuit C3 coacting with the 
interface between the work W and the ring R3, and all 
three coacting to foreclose detrimental electrolytic etch 
ing or decomposition at the conductive abrasive rings 
and coacting to prevent destructive arcing at the several 
interfaces while at the same time permitting a high rate 
of stock removal from the work-piece throughout many 
varying and variable conditions, some of which are men 
tioned above, that can arise during such relative nove 
ments between the work W and the subdivided and elec 
trically separated conductive parts of the operative face 
of the grinding wheel. With the battery 20 supplying 
energy at a voltage on the order of 46 volts, let it be 
assumed, as earlier indicated above, that the variable 
resistors T1, T3, T3 are each set so that each can regulate 
or control current flow in its circuit to an average value 
of 40 amperes; illustratively, each of these resistors may 
be set to a resistance value of one ohm. In the absence 
of abnormal conditions at the several interfaces, where 
the electrolyte is actively in the several circuits, the 
voltage drop across each interface, as above explained, 
is six volts, corresponding to an effective resistance at 
each interface of 0.15 ohms, and that voltage drop of six 
volts very rarely, if at all, becomes less so long as ma 
terial variables do not enter to change the condition 
at one or more of the interfaces, at a continuing current 
flow of 40 amperes in the circuit of each interface. This 
condition of a six-volt IR drop at each interface, at 40 
amperes in each circuit, can be better understood if 
it is assumed for the moment, in Figure 12, that the 
work-piece W is of a length just equal to the over-all 
width of the exposed faces of the rings R, R2, R3, for 
in such case the interface contact areas are identical and 
equal to each other, and there is the same current density 
throughout each. But even such a work-piece has to 
be moved or shifted or traversed or reciprocated relative 
to the several spaced faces of the conductive abrasive 
rings, and thus identity of conditions at the three inter 
faces disappears and a diversity of interface conditions 
is set up. However, to emphasize the wide diversity of 
conditions that can be brought about at the several inter 
faces, the work-piece W is intentionally shown as shorter 
than the over-all width of the faces of the several rings 
so that, in whatever position the work-piece W occupies 
relative to the rings, there cannot be identity of relation 
ships and conditions at the several interfaces. For ex 
ample, the interface area, with the work-piece W po 
sioned as shown in Figure 12, at the ring R, is at a 
maximum, for the work W overlies the entire width of 
ring R2; at ring R3 the interface area is half of the 
maximum possible because the work face overlaps only 
half the width of the face of ring R3; at ring R the 
interface area is about one-fourth of the maxinum be 
cause the work face overlaps only about one-fourth of 
the width of the face of ring R. 

Accordingly, the resistance at the interface at ring 
R2 remains about 0.15 ohms, and the voltage drep stays 
at about six volts. The resistance at the interface at 
ring R3, with the apparent contact area cut in half, be 
comes greatly increased, being more or less doubled, and 
where the same current (40 amperes) to be flowing, the 
IR drop would be greatly increased, Substantially doubled. 
And at the interface at ring R, the resistance is increased 
to still greater extent and were the same current (40 
amperes) to flow, current density would be very ina 
terially increased and the voltage drop across the inter 
face would also be materially increased. These com 
parative conditions at the respective interfaces illustrate 
one way in which the voltage drop across one interface 
can increase relative to the voltage drop across an adja 
cent or another interface. Not only could the resultant 
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voltage differences between conductive abrasive rings 
effect electrolytic etching or decomposition of one or 
more of the rings, but also it is possible, as the apparent 
contact area at only one interface continues to be di 
minished as upon relative traverse between grinding 
wheel and work-piece W, to achieve excessive current 
density at such interface and bring about destructive 
arcing. Such conditions and detrimental effects can be 
caused also in other ways. For example, and particu 
larly at the commencement of a grinding operation, there 
may exist some irregularity in the work face to be ground 
or an unintentional or unavoidable misalinement of the 
work-piece face relative to the alined surfaces of the 
several conductive abrasive rings, and such conditions 
can also have the effect of material differences in areas 
of contact at the several interfaces, with resultant differ 
ent resistances thereacross and hence different voltage 
drops. Also, where the alined faces of the several con 
ductive abrasive rings are not flat as in Figure 3, but 
fall in a curved plane of which the peripherally operative 
grinding wheel of Figure 4 is an illustration, there can 
be relatively different contact areas at the several inter 
faces as well as progressively increasing contact areas at 
all of the interfaces as the curved operative surface of 
the grinding wheel grinds itself in, as, for example, upon 
progressive infeed of the work-piece W as well as upon 
intermittent infeed timed with successive stroke of the 
work-piece as the work-table 11 is reciprocated. This 
will suffice as illustrations of various ways in which in 
equalities of working conditions at the several interfaces 
can arise to cause undesirable or harmful effects such 
as those noted above. 

Referring to Figure 12, it will be seen that the grid 
of the triode 139 of each of the control circuits C, C, 
C3 has impressed upon it a potential which is the difference 
between the potential of the abrasive ring with which 
the control circuit is associated and the potential setting 
of the reference voltage control represented by the re 
sistance 147 and the shiftable tap 148. The shiftable 
tap c is set to bring the bridge in balance, that is, to 
bring the bridge output terminals a and c to the same 
potential, when the voltage drop across the work-ring 
interface is six volts. These settings may be effected 
empirically or by the calibrations associated with the 
several shiftable controls, such as the bridge balance con 
trol resistance 137 and tap c, the bridge control tap d, 
and the reference voltage control comprising the resistance 
147 and shiftable tap 48. 
Wheatstone bridge the triode 39 is thus made to serve 
not only as a variable resistance that responds to changes 
in the voltage drop across the interface but also as an 
amplifier whereby to greatly and quickly multiply a po 
tential change into rapid and substantial change in re 
sistance in the arm of the bridge, with the result that 
the rapid unbalance of the bridge can effect a promptly 
responsive current flow through the solenoid winding 28 
to actuate the carbon pile to decrease its resistance. Pref 
erably, we include in the circuit of each solenoid wind 
ing 28, in the output circuit of the bridge, a rectifier 
i50, the action of which is to permit energization of the 
solenoid winding 128 only when the voltage drop across 
the corresponding work-ring interface exceeds the se 
lected value (six volts in the above illustration), that 
is, the solenoid winding 128 becomes sufficiently ener 
gized to decrease the resistance of its carbon pile only 
when the corresponding conductive abrasive ring be 
comes more negative than the selected value as distin 
guished from becoming less negative than that selected 
value. 

Accordingly, were the work-piece W to present to each 
of the rings R, R, R3 the same contact area as would 
be the case where the work-piece W is of a length greater 
than the over-ail width of the exposed faces of the rings, 
thus to bring about uniformity of electrolytic working 
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conditions at all of the interfaces, the current flow across 
each interface, with the resistors Ti, T, T3 set at one ohm, 
is about 40 amperes and the total 120 amperes; the voltage 
drop across each interface is just about six volts, and Such 
substantial equality of voltage drop would continue so 
long as uniform working conditions exist throughout the 
several interfaces. However, as soon as any circum 
stance arises to cause any one or more of the voltage 
drops to rise above the selected six-volt value, which 
means that the potential of the corresponding abrasive 
ring or rings becomes more negative than the selected six 
voit value, the grid of the triode of the corresponding 
control circuit also becomes more negative, and that action 
effects a multiplying or amplifying change in the resistance 
of the arm a to d of the bridge, resulting in corresponding 
energization of the solenoid winding 128 followed by in 
crease in pressure on the carbon pile sufficient to bypass 
enough of the 40 amperes as will reduce the current flow 
across the corresponding work-ring interface to restore the 
voltage drop thereacross to the selected or six-volt value. 
Excessive current concentrations at the particular interface 
or interfaces are prevented as is also destructive arcing, 
while at the same time material potential differences be 
tween conductive abrasive rings are precluded from com 
ing into existence as would cause electrolytic decomposi 
tion or etching of one ring relative to another. 

By way of illustration, consider the relation of the 
Work-piece W in Figure 12 to the three rings R1, R2, R3 
as earlier above described, namely, where the work W 
overlies the entire width of ring R2, half of the width of 
ring R, and one-fourth of the width of ring R1. In the 
circuit of ring R the current flow remains at 40 amperes, 
since the voltage drop at that interface, in the assumed 
illustration, remains at about six volts and accordingly tri 
ode 139 of the circuit Cremains of unchanged resistance 
and the bridge remains balanced and carbon pile P2 is at 
maximum resistance or virtually open, and the whole cur 
rent as determined by the resistor T1 flows across the in 
terface of the work W and ring R2 in a circuit from bat 
tery 120, conductor 133, work W, ring R2, conductor 35, 
resistor T, and by conductor 136 back to the other side 
of the battery 120. Carbon pile P2 thus bypasses no ma 
terial amount of the current. 

In the circuit of ring R8, where the interface, in the 
assumed illustration, is reduced to one-half, an arcing 
concentration or density of current is prevented from tak 
ing place, for as soon as the contact area of the interface 
R becomes less as the full overlap is departed from, as by 
the traverse stroke of the work relative to the wheel, the 
voltage drop across that interface commences to exceed 
the selected value of six volts, the ring R3 becoming 
more negative than that value, whereupon the triode in 
the corresponding control circuit C3 promptly responds to 
unbalance the bridge and to energize the winding 28 of 
carbon pile P to increase the pressure on the pile and 
decrease its resistance and thereby bypass current from 
the interface. Though the initial flow of current, at full 
overlap, is 40 amperes, as determined by the setting of 
resistor. T, by the time the half-overlap relation of work 
W to ring R is reached, the current flow across the re 
duced interface is just about halved and brought down to 
about 20 amperes, the remaining 20 amperes being 
shunted away from the interface by the carbon pile P3. 
The interface flow of 20 amperes is in a circuit from bat 
tery 120, conductor i23, work W, ring R8, conductor 145, 
resistor T and by conductor 46 back to the battery 20, 
and the circuit of the 20 amperes bypassed by the pile 
P is from battery 120, conductor 123, conductor 143, 
carbon pile P, conductor i45, resistor T3, and then by 
conductor 146 back to the other side of battery 120. This 
illustrates how current density is held within safe limits 
at the reduced area of interface and how the potential 
of ring R is maintained at substantially the same value 
as that of adjacent ring R? so that no electrolytic action 
between the latter two rings can take place, 
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At ring R1, where in the assumed illustration the area 
of the work-ring interface is reduced to one-fourth, a cir 
cumstance which otherwise would mean an arc-producing 
current density or concentration four times as great as 
would be present at full overlap, the current flow across 
the electroiyte between the work W and ring R is on 
the order of 10 amperes in a circuit extending from bat 
tery 29, conductor 23, work W, ring R, conductor 125, 
resistor T, and by way of conductor 126 back to the bat 
tery 28 the remaining 30 amperes being shunted away 
by the carbon pile Pl in a circuit extending from battery 
120, conductor 23, pile Pl, conductor 125, resistor T1, 
and by conductor 126 back to the other side of the battery 
120. Here again the elements of control circuit C1 have 
responded progressively as the contact area is diminished 
by lessening the overlap between work and ring prevent 
ing arc-producing current densities and maintaining the 
potential of ring R1 from such material change relative to 
ring R2 or R3 as would effect electrolytic decomposition 
or etching of one ring relative to the other. 
Were the contact area between the work W and any 

of the abrasive rings to be reduced to zero, the increase in 
resistance at the interface is reflected in the abrasive ring 
becoming imore negative, a condition to which the corre 
spoilding control circuit responds, in a manner that will 
now be clear, to increase the amount of current shunted 
by the corresponding carbon pile to a value ultimately 
equal to the full 40 amperes for which the corresponding 
resistor (T1, T2, or T8) is set, so that at the moment of 
complete breaking of the effective contact condition at the 
ring there would be either no current flow to interrupt 
or only so small an amperage of current that destructive 
arcing does not take place. 

It will of course be understood that, as any conditions 
arise Inake one abrasive ring become more negative than 
another or more negative than the selected value, in the 
illustration, cf six volts, the solenoid winding 128 that 
responds thereto not only changes the resistance of its 
carbon pile to shunt the desired fraction of the current 
away from the corresponding work-ring interface, but also 
holds the carbon pile correspondingly compressed at that 
resistance value; should the particular condition, such as a 
diminishing contact area, thereafter change so that the 
contact area is increased, thus reducing the resistance at 
that particular work-ring interface, the voltage drop across 
the latter begins to decrease and the abrasive ring becomes 
less negative, with the result that the grid potential of 
the triode 39 in the arm of the bridge becomes less nega 
tive, unbalancing the bridge in a direction to lessen the 
current flow in the solenoid winding 128 so as to lessen 
the pressure on the carbon pile, thereby lessening the 
amount of current shunted away from the interface and 
increasing the current across the interface itself, thus 
virtually maintaining substantial constancy of current 
density within safe or non-arcing limits. 

As above noted, it is preferred to so set the various 
controls, and also to employ the rectifier 158, that the 
carbon pile need not be actuated in response to the cor 
responding abrasive ring becoming less negative than the 
Selected value, such as six volts and, accordingly, in the 
control circuits as specifically illustrated in Figure 12, 
the carbcn pile operating mechanism can be set or ad 
justed, as by adjusting the spring 13), so that it is of 
maximum resistance or virtually open-circuited, and the 
full value of current as determined by the resistor (T1, 
T or T, as the case may be) caused to flow across the 
work-ring interface, when, on diminishing voltage drop 
across the work-ring interface, that voltage drop reaches 
the selected negative value of potential, illustratively six 
volts. This arrangement and setting have the advantage 
of avoiding dissipation of electrical energy in the carbon 
piles so long as conditions at the several work-ring inter 
faces are substantially equal and below critical arcing 
current concentrations or densities. The just-described 
settings are preferred and they are set out as illustrative 
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24 
and not by way of limitation; it will now be apparent 
that, depending upon various factors usually determined 
by a particular grinding job or shape or conformation of 
Work-piece to be ground, the various taps and other con 
trols of the Several control circuits may be set to other 
relative values, including such values at which the car 
bon piles are of high or maximum resistance at ranges 
of operation when their respective abrasive rings be 
come less negative than the illustrative six-volt value 
above selected for illustrative purposes. 

It will thus be seen that the control system and ap 
paratus of Figure 12 provides dependable safegiards 
against the cccurrence of detrimental actions when con 
ditions at the work-wheel interfaces change. It is pos 
sible not only to achieve high rates of electrolytic de 
conposition at the work face in that high total current 
Values can be employed, but also to controllably vary 
the respective current values in the several work-ring 
circuits to provide non-arcing current values and densi 
ties at the ends or limits of the stroke of the work-piece 
relative to the grinding wheel while naintaining higher 
current values at the middle portions of the stroke of 
the work, and at no tine do potential differences be 
tween conductive a brasive rings arise as can cause detri 
neintal electrolytic decomposition or etching of one ring 
relative to another. in this latter connection the system 
and controls of Figure 12 provide for maintaining the 
Several component conductive rings of the grinding wheel 
at substantially the same potential or at such respective 
potentials, depending upon the particular conditions ex 
isting at the respective work-ring interfaces, that at no 
time does such a potential difference exist between any 
two of the plurality of rings as could effect detrimental 
electrolytic decomposition or etching of the rings. 

For example, the conditions at one work-ring inter 
face might be such as that indicated in Figure 12 between 
the work W and ring R2, where the full value of cur 
rent, illustratively 40 amperes, is flowing across that in 
terface, in which case the carbon pile Pi stands at maxi 
mum resistance and its bridge control circuit is not called 
upon to change the pressure on the pile; the voltage drop 
across that interface, in the above assumed illustration, 
is 6.0 volts. But at the reduced contact area at the inter 
face between the work W and the ring R8, the current 
flow across the interface is reduced inasmuch as the car 
bon pile P is held actuated by the energized bridge con 
trol circuit therefor to shunt away enough current to 
maintain the interface current at the desired safe value, 
and in such case the voltage drop across that interface 
is somewhat higher than 6.0 volts and may be on the or 
der of 6.1 volts; this is because the bridge control cir 
cuit of carbon pile P3 has to continue in a conditio;h of 
unbalance to maintain the Solenoid winding 223 energized 
enough to maintain the desired compression on the shunt 
ing carbon pile P. But that slight difference in potential 
between the two rings R2 and R3, on the order of . 
volt, is ineffective to cause material or consequential elec 
trolytic action between the two rings. Such small op 
erating potential differences betwen abrasive rings and 
the grinding wheel can be held within any desired mini 
mun limits by appropriately increasing the amplification 
factor of each carbon pile control circuit. As an illustra 
tion, for the condition when the carbon pile is to shunt 
or absorb the full 40 amperes of the current innit coin 
trol resistor, the energization of the solenoid winding 
must be sufficient to hold the carbon pile coin pressed at 
minimum resistance, and assuming an amplification fac 
for of 20, with a rise in potential of 0.j volt of the abra 
sive ring above the selected limiting value of 6.0 volts, 
the control circuit provides a voltage of 20 times 0.1 
volt, or 2.0 volts at which to supply the Solenoid winding 
to hold the pile at maximum compression. With an am 
plification factor of 40, the voltage drop across the work 
ring interface need increase only 0.05 volt above the se 
lected six-volt value to achieve maximum compression 
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of the carbon pile. In this manner potential differences 
between adjacent abrasive rings can be held within prede 
termined or selected small values and inter-ring electro 
lytic destruction prevented from occurring. 

It will thus be seen that there has been provided in 
this invention a grinding apparatus for the safe and ef 
ficient stock removal, by electrolytic decomposition, from 
a work-piece, together with insulated conductive multi 
faced grinding wheels and controls therefore, in which 
the several objects above noted, together with many 
thoroughly practical advantages, are successfully achieved. 
It will be seen that the invention, capable of embodi 
ment in various forms, of which several are illustratively 
above set forth and described, is well adapted to meet 
the widely varying conditions and requirements met with 
in grinding operations and that difficulties, disadvantages 
and shortcomings of prior practices are dependably and 
efficiently overcome or their detrimental effects materially 
alleviated. Moreover, it will be seen that the apparatus, 
and the grinding wheels and controls therefor, are of wide 
flexibility of adaptation, or of wide flexibility of control 
of coactions, and that thereby high rate of stock removal 
and long life of the grinding wheel are made achievable 
throughout a wide range of practical requirements. 
As many possible embodiments may be made of the 

mechanical features of the above invention and as the 
art herein described might be varied in various parts, 
all without departing from the scope of the invention, 
it is to be understood that all matter hereinabove set forth, 
or shown in the accompanying drawings, is to be inter 
preted as illustrative and not in a limiting sense. 
We claim: 
1. In apparatus of the character described, in combina 

tion, a frame having a rotatable spindle carrying a grind 
ing wheel for rotation thereby, said grinding Wheel pre 
senting an operative surface that comprises the aligned 
conductive faces of a plurality of conductive rings which 
are relatively closely spaced to each other and are in 
sulated from each other, a work-piece holder, means asso 
ciated with said frame for mounting said holder to hold a 
work-piece in operative relation to said operative surface 
of the grinding wheel for coaction with said aligned faces 
of said conductive rings, means for supplying liquid elec 
trolyte to and between the work-piece and said aligned 
conductive faces of said rings, a plurality of slip rings, 
one for each of said conductive rings and in respective 
electrical connection therewith, with means insulatingly 
supporting said slip rings coaxially of said spindle for 
rotation therewith, unidirectional current-supply means 
with a plurality of control and supply circuits, one for 
each of said conductive rings, all of said circuits having 
the positive sides thereof electrically connected to said 
work-piece holder whereby the latter and the work-piece 
are electrically common to said circuits and having their 
negative sides in electrical connection respectively with 
said plurality of slip rings whereby unidirectional cur 
rent, for electrolytic decomposition of the face of the 
work-piece presented to said conductive ring faces, may 
flow from the work-piece to each of said conductive rings, 
and control means associated with each of said circuits 
for limiting maximum current flow in each of said circuits 
to a value not greater than the critical arcing current be 
tween the work-piece and the ring face. 

2. An apparatus as claimed in claim 1, in which the 
control means associated with each circuit comprises 
means responsive to changes in current flow in the circuit 
as are caused by change in the resistance between the work 
face and the face of the conductive ring of the circuit. 

3. An apparatus as claimed in claim 1, in which the 
control means of each of said circuits comprises means 
responsive to changes in the potential of the conductive 
ring of the circuit relative to the potential of the work 
piece. 

4. In apparatus of the character described, in combi 
nation, a frame having a rotatable spindle carrying a 
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grinding wheel for rotation thereby, said grinding wheel 
presenting an operative surface that comprises the aligned 
conductive faces of a plurality of conductive rings which 
are relatively closely spaced to each other and are insul 
lated from each other, a work-piece holder, means asso 
ciated with said frame for mounting said holder to hold a 
work-piece in operative relation to said operative surface 
of the grinding whel for coaction with said aligned faces 
of said conductive rings, means for supplying liquid elec 
trolyte to and between the work-piece and said aligned 
conductive faces of said rings, a plurality of slip rings, 
one for each of said conductive rings and in respective 
electrical connection therewith, with means insulatingly 
supporting said slip rings coaxially of said spindle for 
rotation therewith, unidirectional current-supply means 
with a plurality of control and supply circuits, one for each 
of said conductive rings, all of said circuits having the 
positive sides thereof electrically connected to said work 
piece holder whereby the latter and the work-piece are 
electrically common to said circuits and having their 
negative sides in electrical connection respectively with 
said plurality of slip rings whereby unidirectional current, 
for electrolytic decomposition of the face of the work 
piece presented to said conductive ring faces, may flow 
from the work-piece to each of said conductive rings, and 
means for preventing detrimental electrolytic decomposi 
tion of any one of said conductive rings relative to another, 
said last-mentioned means comprising control means as 
sociated with said control and supply circuits for substan 
tially regulating the respective potentials of said plurality 
of conductive rings relative to the potential of the work 
piece within relative values insufficient for detrimental 
electrolytic action between conductive rings. 

5. In apparatus of the character described, in combina 
tion, a frame having a rotatable spindle carrying a grind 
ing wheel for rotation thereby, said grinding wheel pre 
senting an operative surface that comprises the aligned 
conductive faces of a plurality of conductive rings which 
are relatively closely spaced to each other and are insu 
lated from each other, a work-piece holder, means asso 
ciated with said frame for mounting said holder to hold 
a Work-piece in operative relation to said operative surface 
of the grinding wheel for coaction with said aligned faces 
of said conductive rings, means for supplying liquid elec 
trolyte to and between the work-piece and said aligned 
conductive faces of said rings, a plurality of slip rings, one 
for each of said conductive rings and in respective elec 
trical connection therewith, with means insulatingly sup 
porting said slip rings coaxially of said spindle for rota 
tion therewith, unidirectional current-supply means with a 
plurality of control and supply circuits, one for each of 
said conductive rings, all of said circuits having the posi 
tive sides thereof electrically connected to said work-piece 
holder whereby the latter and the work-piece are elec 
trically common to said circuits and having their negative 
sides in electrical connection respectively with said plural 
ity of slip rings whereby unidirectional current, for elec 
trolytic decomposition of the face of the work-piece pre 
sented to said conductive ring faces, may flow from the 
Work-piece to each of said conductive rings, and means 
for preventing detrimental electrolytic decomposition of 
any one of said conductive rings relative to another, said 
last-mentioned means comprising a plurality of variable 
resistances, one for each of said circuits and each adapted 
to effect change in the current flow in the circuit of its 
associated conductive ring and the work-piece, and po 
tential-responsive means, one for each of said circuits and 
each adapted to control the variable resistance of its cir 
cuit, for affecting the respective currents flowing from the 
respective conductive rings to the work-piece so as to 
maintain substantially constant the respective IR drops 
between the conductive rings and the work-piece. 

6. An apparatus as claimed in claim 1, in which said 
grinding wheel comprises a back of insulating material 
with said plurality of conductive rings substantially em 
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bedded therein in said closely spaced relation with their 
said aligned conductive faces aligned with a face of said 
back whereby surfaces of the rings other than said aligned 
conductive faces are prevented from taking part in electro 
lytic action and said grinding wheel operative surface con 
prising, between adjacent conductive ring faces, a nar 
row portion of the face of the insulating back in which 
said rings are embedded. 

7. An apparatus as claimed in claim i, in which the 
means insulatingly supporting said slip rigs 
with said spindle comprises said grinding wheel 
provided with an insulating back to which said slip itings 
are coaxially secured. 

8. An apparatus as claimed in claim 1, in which said 
grinding wheel comprises a back of insulating rinaterial 
with said plurality of conductive rings substantially en 
bedded therein in said closely spaced relation with their 
Said aligned conductive faces aligned with a face of said 
back whereby surfaces of the rings other than said aligned 
conductive faces are prevented from taking part in elec 
trolytic action and said grinding wheel operative surface 
comprising, between adjacent conductive ring faces, a 
narrow portion of the face of the insulating back in 
which said rings are embedded, said means for insulat 
ingly supporting said slip rings coaxially with said spindle 
comprising said grinding wheel back of insulating ma 
terial, with means securing said slip rings thereto. 

9. An apparatus as claimed in claim 8, in which the 
means for securing said slip rings to said insulating back 
comprises annular recessas in the back, one for each 
slip ring and each having a slip ring seated therein. 

10. An apparatus as claimed in claim 8, in which the 
face of the grinding wheel back in which said plurality 
of conductive rings are embedded is the front annular 
side face of the back, said slip rings being Supported at 
the annular back face of the grinding wheel back and 
Substantially juxtaposed to their respective conductive 
rings at Said front side face, the respective electrical con 
nections between slip rings and conductive rings com 
prising conductive means extending through the inter 
vening insulating material from each slip ring to its asso 
ciated conductive ring. 

11. An apparatus as claimed in claim 10, in which the 
means for securing said slip rings to the grinding wheel 
back and the respective conductive means comprise con 
ductive tension elements anchored at their respective in 
ner ends to the conductive rings and anchored at their 
respective outer ends to the slip rings. 

12. An apparatus as claimed in claim 8, in which the 
face of the grinding wheel back in which said plurality 
of conductive rings are embedded is a peripheral face 
of the back, said slip rings being Supported at an annular 
side face of the grinding wheel back. 

13. in apparatus of the character described, in con 
bination, a work-piece Support, a frame having a rotatable 
spindle carrying a grinding wheel for rotation thereby, 
said grinding wheel comprising a back of insulating ma 
terial supporting a plurality of conductive rings which 
are relatively closely spaced to each other and present 
aligned conductive faces to a work-piece in said Sup 
port, means for supplying liquid electrolyte to and be 
tween the work-piece and Said aligned conductive faces 
of said rings, a plurality of slip rings, one for each of 
said conductive rings, coaxially secured to and insulated 
from each other by said insulating back at respective lo 
cations in the latter out of the range of liquid electro 
lyte centrifugally cast off of said conductive faces, means 
providing electrical connections between said slip rings 
and their respective conductive rings, unidirectional cur 
rent-supply means with a plurality of Supply circuits, one 
for each of Said conductive rings, all of said circuits hav 
ing the positive sides thereof electrically connected to 
said work Support whereby the latter and the Work-piece 
are electrically common to said circuits and having their 
negative sides in electrical connection respectively with 
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said plurality of slip rings whereby unidirectional current, 
for electrolytic decomposition of the face of the work 
piece presented to said conductive ring faces, may flow 
from the work-piece to each of Said conductive rings, 
and control means associated with each of said circuits 
for preventing current flow therein from reaching detri 
mental arcing density through the electrolyte between the 
work-piece and the respective conductive ring faces. 

14. An apparatus as claimed in claim 13, in which the 
lip rings are of lesser radii than said conductive ring 
aces and are thereby out of range of centrifugally thrown 

electrolyte. 
15. An apparatis as claimed in claim 13, in which said 

grinding wheel back of insulating material has a plurality 
of Surfaces cf revolution at angles to each other, Said 
plurality of conductive rings being associated with one 
of Said Surfaces of revolution and said slip rings being 
Substantially protected from centrifugally thrown elec 
trolyte in that they are associated with another of Said 
Surfaces of revolution. 

116. An apparatus as claimed in claim 15, in which 
the surfaces of revolution with which said conductive 
rings and said slip rings are respectively 3.SSociated are 
respectively a side face of the grinding wheel back and 
a substantially juxtaposed opposite side face thereof, the 
faces of Said conductive rings being ani: ar. 

17. An apparatus as claimed in claim 15, in which 
the surfaces of revolution with which said conductive 
irings and said slip rings are respectively associated are 
respectively a peripheral Surface and a side Surface cf 
the grinding wheel. 

18. In electrolytic grinding apparatus, in combination, 
a work Support and a grinding wheel having means for 
rotatably supporting it to present a conductive operative 
surface to a work-piece on said work Support and hav 
ing means for supplying liquid electroyie to and be 
tween the work-piece and the operative Surface of the 
grinding wheel for electrolytic decomposition of the work 
piece face in response to unidirectional current flow from 
the latter to the operative surface of the grinding wheel, 
and means for increasing the rate of electrolytic decon 
position at the work-piece and for control against detri 
mental arcing through the electrolyte comprising unidi 
rectional current-Supply means with a plurality of con 
trol and supply circuits, all of Said circuits having the 
positive sides thereof electrically connected to said Work 
support whereby the latter and the work-piece are elec 
trically common to said circuits, said grinding wheel com 
prising a back of insulating material and said grinding 
wheel operative surface comprising a plurality of con 
ductive rings carried and insulated from each other by 
said back and presenting relatively closely Spaced aligned 
conductive faces for coaction with the work-piece on Said 
work support, said conductive rings being recessed into 
the insulating material of said back whereby Surfaces 
of the rings other than said aligned conductive faces are 
prevented from taking part in electrolytic action, slip 
rings, one for each conductive ring and electrically con 
nected respectively thereto, the negative sides of Said 
circuits being in electrical connection respectively with 
said plurality of slip rings, and control means associated 
with said circuits for effecting total current flow therein 
greater than that which, if passed from the work-piece to 
any one conductive ring, would cause detrimental arcing 
and for limiting maximum current flow in each of Said 
circuits to a value less than that which causes detrimental 
arcing between the work-piece and the ring face alone. 

i9. In electrolytic grinding apparatus, in combination, 
a work support and a grinding wheel having means for 
rotatably supporting it to present a conductive operative 
surface to a work-piece on said work Support and having 
means for supplying liquid electrolyte to and between 
the work-piece and the operative Surface of the grinding 
wheel for electrolytic decomposition of the work-piece 
face in response to unidirectional current flow from the 
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latter to the operative surface of the grinding wheel, and 
means mounting said work support and said grinding 
wheel for relative movement therebetween to effect pro 
gression or recession of electrolytic grinding action on 
the work-piece face, and means for controlling against 
detrimental current concentrations as tend to be caused by 
change in operating conditions between the work face 
and the conductive operative surface of the grinding wheel 
as relative movement therebetween takes place compris 
ing unidirectional current-supply means with a plurality 
of control and supply circuits, all of said circuits having 
the positive sides thereof electrically connected to said 
work support whereby the latter and the work-piece are 
electrically common to said circuits, said grinding wheel 
comprising a back of insulating material and said grinding 
Wheel operative surface comprising a plurality of con 
ductive rings carried and insulated from each other by 
said back and presenting relatively closely spaced aligned 
conductive faces for coaction with the work-piece on said 
Work Support, said conductive rings being recessed into 
the insulating material of said back whereby surfaces of 
the rings other than said aligned conductive faces are pre 
vented from taking part in electrolytic action, slip rings, 
one for each conductive ring and electrically connected 
respectively thereto, the negative sides of said circuits be 
ing in electrical connection respectively with said plural 
ity of slip rings, and control means associated with said 
circuits adapted to limit maximum current flow in each 
of said circuits to a value less than that which causes 
detrimental arcing between the work-piece face and a 
ring face, said control means including means responsive 
to changes in the electrical condition between the work 
piece face and the ring face to change the standard at 
which to limit the current flow whereby the current flows 
in said circuits may be limited at different standards of 
maximum according as, for example, overlaps or areas 
or pressures of contact at the respective workpiece face 
and ring faces differ from each other. 

20. An apparatus as claimed in claim 19, in which 
the last-mentioned responsive means comprises a means, 
one for each of said circuits, responsive to changes in the 
potential of the conductive ring of the circuit relative to 
the potential of the work-piece. 

21. An apparatus as claimed in claim 19, in which 
said last-mentioned responsive means comprises electro 
responsive regulating means and electronic means, one 
for each of said circuits, responsive to the IR drop be 
tween the work-piece face and the conductive ring of its 
associated circuit. 

22. A grinding wheel for use in an electrolytic grind 
ing apparatus and adapted to coact with unidirectional 
current supply and control circuits for increasing the 
rate of electrolytic decomposition at the work-piece face 
and for control against detrimental arcing through the 
electrolyte between the work-piece face and the grinding 
wheel operative surface, said grinding wheel comprising 
a back of insulating material supporting a plurality of 
conductive rings which are relatively closely spaced to 
each other and present aligned conductive faces to form 
the operative surface of the grinding wheel for electro 
lytic grinding coaction with the work-piece face, and a 
plurality of slip rings, one for each of said conductive 
rings, coaxially secured to and insulated from each other 
by said insulating back at respective locations in the 
latter out of the range of liquid electrolyte centrifugally 
cast off of said conductive faces of said rings, there being 
electrical connections between said slip rings and their 
respective grinding wheel conductive rings whereby the 
latter are connectable respectively into said circuits. 

23. A grinding wheel as claimed in claim 22, in which 
the slip rings are of lesser radii than said conductive ring 
faces and are thereby out of range of centrifugally thrown 
electrolyte. 

24. A grinding wheel as claimed in claim 22, in which 
said grinding wheel back of insulating material has a 
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plurality of surfaces of revolution at angles to each other, 
said plurality of conductive rings being associated with 
one of said surfaces of revolution and said slip rings being 
substantially protected from centrifugally thrown elec 
trolyte in that they are associated with another of said 
surfaces of revolution. 

25. A grinding wheel as claimed in claim 24, in which 
the surfaces of revolution with which said conductive 
rings and said slip rings are respectively associated are 
respectively a side face of the grinding wheel back and 
a substantially juxtaposed opposite side face thereof, the 
faces of said conductive rings being annular. 

26. A grinding wheel as claimed in claim 24, in which 
the surfaces of revolution with which said conductive 
rings and said slip rings are respectively associated are 
respectively a peripheral surface and a side surface of 
the grinding wheel. 

27. A grinding wheel as claimed in claim 22, in which 
said conductive rings and said slip rings are substantially 
embedded, except for their respective operative faces, in 
the insulating material of said back and at opposed side 
faces of the latter. 

28. A grinding wheel as claimed in claim 22, in which 
said conductive rings and said slip rings are located at 
respective opposed side faces of the grinding wheel back, 
the electrical connections respectively therebetween com 
prising conductive tension elements that pass through the 
back and at their respective ends are secured to the con 
ductive rings and the slip rings. . 

29. A grinding wheel as claimed in claim 22, in which 
said conductive rings and said slip rings are embedded, 
except for their respective operative faces, in a peripheral 
face of the grinding wheel back and in an annular side 
face thereof. 

30. A grinding wheel as claimed in claim 22, in which 
said plurality of conductive rings are embedded in a 
peripheral face of the grinding wheel back and said plu 
rality of slip rings are secured to the back at an annular 
side face thereof. 

31. In electrolytic grinding apparatus, in combination, 
a work support and a grinding wheel having means for 
rotatably supporting it to present a conductive operative 
surface to a work-piece on said work support and having 
means for supplying liquid electrolyte to and between the 
work-piece and the conductive operative surface of the 
grinding wheel for electrolytic decomposition of the Work 
piece face in response to unidirectional current flow from 
the latter to the operative surface of the grinding Wheel, 
means mounting said work support and said grinding 
wheel for relative movement therebetween to effect pro 
gression or recession of electrolytic grinding action on 
the work-piece face whereby overlap or pressure or area 
of contact between the workpiece face and the conductive 
operative surface of the grinding wheel may change, uni 
directional current-supply means with a control and supply 
circuit having the positive side thereof electrically con 
nected to the work support and having means for main 
taining electrical connection of its negative side to said 
conductive operative surface as the wheel rotates, and 
control means associated with said circuit for limiting 
maximum current flow across the electrolyte between the 
work-piece face and the conductive operative Surface of 
the wheel within a value corresponding to substantially 
maximum non-arcing current density through the elec 
trolyte and constructed and operating to effect current 
limitation at maximum values that vary according as the 
overlap between the grinding wheel conductive surface and 
the work-piece face or the pressure or area of contact 
therebetween varies, said circuit and said control means 
comprising regulating means for maintaining substantially 
constant the current output of said current-supply means, 
together with means forming a variable shunt across said 
work-piece and said conductive surface of the wheel and 
means responsive to an electrical function of electrical 
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energy dissipated in electrolytic action upon the work 
piece face for controlling said variable shunt. 

32. An apparatus as claimed in claim. 31, in which 
there is provided electromagnetic means for controlling 
said variable shunt and said last-mentioned responsive 
means comprises electronic means having an input cir 
cuit connected to respond to potential changes of said 
conductive surface of the wheel relative to the potential. 
of the work-piece and having an output circuit connected 
to control the energization of said electromagnetic means. 

33. In electrolytic grinding apparatus, in combination, 
a work support and a grinding wheel having means for 
rotatably supporting...it to present a conductive operative 
surface to a workpiece on said work support and having 
means for supplying liquid electrolyte to the interface be 
tween the work-piece and the operative surface of the 
grinding wheel for electrolytic decomposition of the work 
piece-face in response to unidirectional. current flow from 
the latter to the operative surface: of the grinding wheel; 
and means for increasing the rate of electrolytic decom 
position at the work-piece and for control against detri 
mental arcing through the electrolyte comprising unidirec 
tional current-supply, means with a plurality of control 
and supply circuits, all of said circuits having the positive 
sides thereof electrically connected to said work support 
whereby the latter and the work-piece are electrically 
common to said circuits, said grinding wheel operative sur 
face comprising a piurality of conductive rings insulated 
from each other and presenting substantially aligned con 
ductive faces for coaction with the work-piece on said 
work support, slip rings, one for each conductive ring and 
electrically connected respectively thereto, the negative 
sides of said supply circuits being in electrical connec 
tion respectively with said plurality of slip rings, and con 
trol means associated with said circuits for effecting total 
current flow therein greater than that which, if passed 
from the work-piece to any one conductive ring, would 
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cause detrimental arcing and for limiting maximum cur 
rent flow in each of said circuits to a value less than 
that which causes detrimental arcing between the work 
piece and the ring face alone, said control means in 
cluding means, one for each of said circuits and each re 
sponsive to the potential of the conductive ring in its 
circuit relative to the potential of the work-piece, for 
maintaining at substantially the same level the potential 
of all of said conductive rings and thereby prevent sub 
stantial electrolytic decomposition between rings. 
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