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United States Patent 0 
1 

2,764,540 
ll/IETHOD AND MEANS FOR ELECTROPOLISHING 

INNER SURFACES . 

William G. Farin, Milwaukee, Wis., and Paul F. Buddy 
and Glen A. Nelson, Warren, Pa. 

Application September 10, 1952, Serial No. 308,764 

11 Claims. (Cl. 204-1405) 

This is a continuation-in-part of our earlier copend 
ing application Serial No. 28,466, now abandoned. 

This invention relates to a method ‘and means for 
electropolishing and it has for its principal object to 
provide a method for electropolishing in a continuous 
operation the interior or inner surface of hollow objects 
in such a manner that no ?nishing, smoothing or other 
operation is necessary after the application of .the meth 
od, the latter resulting by itself in a completely ?nished 
product. 
A further principal object of the invention consists in 

providing a method and means for electropolishing 
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which permits the effective use of high current densities ' 
while simultaneously suppressing the accompanying dis-‘ 
advantages which are inseparable from high current 
densities and which consist in the development of gases 30 
in large quantities, said gases producing such irregulari- _ 
ties in the electropolishing action that the result is im- ' 
paired and that the maintaining of constant voltages and 
amperages which is the primary factor making for a 
uniformly electropolished product is prevented. 
A further object of the invention consists in providing 

an electropolishing method and means for carrying said ' ' 
method into effect which permit to effectively suppress 
the development of high temperatures which usually ac 
company the use of high current densities and which 
produce a boiling of the electrolytic liquid with conse 
quent additional gas development. 
A further object of the invention consists in providing 

an electropolishing method and means so designed for 
carrying it into effect that a regular continuous discharge 
of any gas which may have been developed during the 
electropolishing process notwithstanding the use of 
counter measures may take place. 
A further object of the invention consists in providing 

an electropolishing method and means for carrying out 
the electropolishing process on a continuously changing, 
but well de?ned and strictly limited area of unvarying 
size which, usually, is only a fraction of the entire area 
to be electropolished, but which is shifted along the inner 
surface to be electropolished so that‘every part of ‘the 
surface is treated. 
A further object of the invention consists in provid 

ing an electropolishing method‘ and means for electro 
polishing the inner surfaces of cylindrical tubes of any 
length by subjecting a limited stretch of the cylindrical 
inner surface to the electropolishing action, using a cen¢ 
trally located cathode of an axial length‘corresponding 
to the stretch to'be treated at any one moment, and 
further using means for limiting the anode surface which 
is treated by means of saidvcathode, said means includ 
ing shields carried by the cathode and preventing any 
transmission of current to the anode outside of the 
shielded and encircled area, said cathode and shield 
being constantly and continuously moved relatively to 
and along the cylindrical surface to be electropolished. 
A further object of the inventionconsists in providing 
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faces of hollow objects, said method and means providing 
for the continuous circulation of the electrolyte solution’ 
along the entire surface to be electropolished at any one 
moment in a uniform and regular manner. 
A number of further objects are connected with more 

speci?c features of the method and means used and will 
therefore be stated in the detailed speci?cation describe 
ing these speci?c features. I. 
The method according to the invention and the means 

used to carry the method into effect are described in 
detail in the following speci?cation and are illustrated 
in the accompanying drawings showing three modi?ca= 
tions of the said method and means. It is however to 
be understood that said method and means are illus-' 
trated and described by way of example only, in order 
to’ be able to explain the principle of the invention and 
the best mode of carrying into effect the said principle. 
The drawings and the speci?cation do not attempt to 
give a survey of all the possible modi?cations of the in 
vention and a departure from the examples which have 
been illustrated is therefore not necessarily a departure 
from the essence of the invention. ‘ 

In the drawings: 
Figure 1 is a sectional elevational view through an 

arrangement» for electropolishing the'interior of a cylin 
drical tube, the section being taken along the plane 
passing through the axis of the tube. ' 

Figure 2 is a sectional plan view of the samearr-‘ange 
ment the section being taken along line 2-2 of Fig 
ure 1. ' 

Figure 3 is a sectional plan view through the same ar 
rangement the section being taken along 3'—3 of Fig 
ure 1. 

‘ Figure 4 is a sectional elevational view through an ‘elec 
tropolishing arrangement which is a modi?cationvof the 
method and the means shown in Figure l the section 
being taken along the plane which passes through the 
axis of the tube. 1 , . 

Figures 5 and 6 are sectional plan views through the 
arrangement which is shown in Figure 4 the sections 
being taken along the lines 5—5 and 6-6 respectively. 

Figure 7 is a sectional elevational-view through a 
further modi?cation of the arrangement for electropolish 
ing the inner surface of cylindrical tubes the section being 
taléen along the plane passing through the axis of the 
tu e. ' 

Figures 8 and 9 are sectional plan views of the ar 
rangement shown in Figure 7, the sections being taken 
along the lines 8—8 and 9--9 of Figure 7 respectively. 

Figure 10 is a diagrammatic view of the general are 
rangement of the electropolishing device which may be 
used in connection with any one of the modi?cations 
illustrated. - 

Figure 11 is a diagrammatic view of an arrangement 
for simultaneously treating a number of tubes. 

In order to understand the‘ invention more fully the 
process of electropolishing and the difficulties which are 
encountered in connection with such a process may ?rst 
be brie?y explained. 

Electropolishing is an electrolytic operation which 
cannot be merely considered as an electrolytic process 
which is the reverse of, but otherwise similar to electro 
deposition and which differs from the latter only insofar 
as it is carried out with a reversed polarity. The elec 
tropolishing process requires the rigorous maintaining'of 
certain current densities and the equally rigorous main 
taining of voltage and amperage conditions to obtain 
uniform and smooth results. Current densities during 
such polishing operations must be maintained at a rela 
tively very high level as low current densities lead to 
etching and dullingv of the surface and to other phe 
nomena which impairs uniform. and- smooth polishing 
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conditions of the surface which should be the result of 
this process. 
On account of these high current densities which must 

be maintained a very considerable amount of gas is pro 
duced, the volume being so large that special provisions 
must be made for the escape of the gas. This is especially 
a problem encountered in the case of the electropolishing 
of internal or interior surfaces of hollow objects, and 
especially of smaller objects, as on account of the loca 
tion of the electropolishing means in the interior of the 
object the escape channels or the cross sections through 
which the gases must escape are limited. An accumula 
tion of gas would displace the electrolyte in the area in 
which electropolishing is proceeding and this would inter 
fere with the electropolishing operation and would not 
permit the maintaining of a strictly constant voltage and 
a strictly constant amperage and in many cases etching 
would be the result. 
A further consequence of the high current densities 

which have to be used in connection with electropolish 
ing operations is a large amount of heat which is pro 
duced and which must be carried off as it tends to produce 
excessive temperatures within the electrolyte leading to 
the boiling of the electrolytic liquid, which boiling in 
addition to other undesirable consequences produces 
further large quantities of gas which add to the above de 
scribed di?iculty. 
As these 'di?iculties increase with the area of the sur 

face to be treated the usual procedure employed to obtain 
the electropolishing of large surfaces consists in con?n 
ingthe electropolishing to short lengths with small areas 
in which very high temperatures and large quantities of 
gas will not be built up. 
Such a con?nement of the electropolishing process to 

small areas has however the disadvantage that the electro 
polishing operation must be carried out in a step by step 
fashion and that therefore ditferences resulting from the 
shifting of operations from one area to another area and 
especially irregularities at the line of junction of two 
areas treated successively require an after treatment which 
removes these differences, which, after‘ treatment, is a 
costly operation markedly reducing one of the main 
advantages of the electropolishing process. 

Because of the necessary relative movement entailed 
by such a step by step electropolishing operation the con— 
?nement of the area can only be produced by limiting 
either the cathode or the anode area. While currents 
of very high densities thus do not occur except in the 
vicinity of the limited area which is to be electropolished 
the current transmission is nevertheless not con?ned to 
this area and currents with low densities flow between 
more distant points with the result that some of these cur 
rents produce a detrimental result of dulling or etching 
the surface. 
The method according to the invention consists in 

electropolishing by means of a column of a constantly 
circulating electrolyte which column is enclosed within 
and supported by suitable insulating members. Within 
said column the electrolytic ?uid circulates continuously, 
said circulating being produced by a forced ?ow carrying 
the electrolyte over the strictly limited treatment area 
formed by the surface of the column in contact with the 
electrodes, which limited treatment area changes slowly 
but constantly and continuously its position and moves 
over the entire inner surface of the object to be electro 
polished. The area to be treated is not only limited on 
the cathode side but also on the side of the anode and 
this area is always constant, as the column is of invari 
able size although shifting permanently and continuously. 
To produce the limited treatment area the extent of which 
does not vary, a cathode of limited area is used which 
carries insulating members or shields connected with said 
cathode which support the column in contact with the 
cathode area and anode area to be treated and completely 
separate it from the remainder of the hollow or interior 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

4 
space, the electrolytic action being thus con?ned to the 
space which is ?lled with the column of the electrolyte. 
This column, however, as above stated moves continu 
ously along the surface treated until the entire surface 
has been covered. During this movement the electrolyte 
circulates constantly within this movable column which is 
of constant volume, fresh and cool electrolyte being sup 
plied to the said column while heated electrolyte is with~ 
drawn. 
The treatment resulting in electropolishing of the in 

terior of a hollow body may be completed after a single 
passage of the electrolytically treated area over the entire 
surface or may be only completed after a number of such 
passages. , 

The treatment can be applied to an area of any size 
for instance to the entire interior area of a tube of con 
siderable length. 
The continuous circulation and the forced ?ow of the 

electrolytic liquid through the con?ned space is best pro 
duced by means of a pump or by a similar device convey 
ing the liquid to the restricted and con?ned area under 
some pressure. A cooling means may be connected 
with the said pump. 
The examples shown in the drawings relate to the elec 

tropolishing of the interior surface of a cylindrical tube 
of considerable length which is treated While in a sub 
stantially vertical position. 
The tube 10 the interior of which is to be polished 

forms the anode of the electrolytic arrangement and it is 
therefore connected with the positive side of a suitable 
source of current by means of the conductor indicated 
at 12. 
The con?nement of the area to be electropolished is 

produced by using a cathode 15 of limited length which 
is preferably only a fraction of the total length of the 
tube to be electropolished and which is movable relatively 
to the tube 10. The cathode 15 is arranged concentrically 
within the cylindrical tube forming the anode. In the 
example shown in Figures 1, 2 and 3 the cathode con 
sists also substantially of a hollow tube and its hollow 
interior 17 communicates with the outside by means of 
the longitudinal slots 18. 
The cathode member 15 is threaded at both ends, one 

of the threaded portions 23 being provided on the lower 
end of the cathode on the outside while at the upper end 
an internal thread is provided along a bore 19 leading to 
the hollow interior 17 of the cathode. This bore 19 
engages the threaded end of a conducting rod 20 by means 
of which the current is carried to the cathode and said 
rod 20 is therefore connected with the negative conductor 
14 of the source of current. The rod 20 may also serve 
the purpose to impart to the cathode a constant and con 
tinuous movement relatively to the tube 10, or, if the 
tube 10 is moved, to hold the cathode at the intended 
place. 
The rod 20 is insulated by means of the insulating 

sleeve 27 surrounding completely that portion of the rod 
which enters the tube. 

In order to con?ne the area of the anode surface facing 
the cathode to the column of electrolyte, the latter is pro 
vided with members or shields 22, 25 of insulating mate 
rial which members or shields, in the example shown, are 
of cylindrical shape and ?t into the hollow interior of the 

' tube 10. 

The shield 25 has essentially the shape of a hollow 
piston, the hollow interior 21 of which is turned out 
wardly and its head or disk portion is provided with a 
threaded bore into which the threaded portion 23 of the 
cathode ?ts. It will be noted that the slots 18 of the 
hollow cathode are so positioned that they are located 
directly above the shield 25 when the latter has been 
screwed onto the end of the cathode. 
The shield 22 likewise has the shape of a hollow piston 

?tting into the hollow interior of the tube 10 and its head 
portion is in this case provided with a threaded bore 28 
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which engages the threads at the end ofthe conducting 
rod 20, so that the said shield is-‘thereby?rmly held by 
the rod with its end face applied against the end of the 
hollow cathode 15. 

This end or head portion of the shield 22 is provided 
with a number of axial bores forming channels 24 which 
permit ?uid circulation between the space 16 surrounding 
the cathode and contained between the two shields and 
the space 11 above the shield. I . ,1 . 

During operation the entire ‘aggregate consistingv'of 
the cathode tube 15 and the two shields 22 and 25 
mounted on and in ?xed connection with the cathode 
tube, and the rod 20 which holds the cathodes is con 
tinuously moved relative to the tube 10, either by hold 
ing the rod and moving the tube 10 downwardly or by 
moving the aggregateupwardly within the tube... The 
electrolytic solution, is supplied at the lower end and is 
kept in circulation by means of a pump.‘ The movement 
of the aggregate or of thetube obviously occurs at a rate 
which is much lower than that of the circulation of the 
electrolytic ?uid in order to maintain the circulation dur 
ing the relative movement of the aggregate ‘and tube. 
The solution, under some pressure, enters at the open end 
30 of the tube and moves in the direction indicated, by 
the arrows through the hollow interior 21 of the shield 
25 and then through the hollow interior 17 ofthecathode 
tube and through the slots 18 into the space 16. After 
having passed through the slots 18 the'electrol‘ytic solu 
tion ?lls the space 16 between the cathodetube and the 
tube 16 and then passes through the channels 24 of shield 
22 into the upper space 11. Thegeneral arrangement 
showing the circulation of the electrolyte and the means 
for moving the cathode in a diagrammatic vmanner ,is 
illustrated in Figure 10. _ 
The tube 10 in the example‘shown is tightly held by 

means of sealing cones or sleeves 60, 61 between the two 
circulation receptacles or tanks 62, 63 during the electro-, 
polishing operation. The upperpreceptacle 62 has an 
opening in its bottom which is provided with a conical 
sealing means 61 through which the tube 10 projects and 
by means of which the tube is held while the lower ‘re 
ceptacle has a corresponding sealing sleeve 60 in-its cover 
or lid through which the: tube reaches into the receptacle 
and by means of which it is held. 7 
The two receptacles or tanks 62, 63 form part of the 

circulation, system for the electrolyte which includes the 
pipe line 65 leading from the upper receptacle ‘to the ac 
cumulator and cooling tank 70. This tank may be pro 
vided with a pipe coil 66 through which a cooling ?uid 
is circulated, so that the electrolyte. is always delivered 
with a predetermined temperature to. the lower tank -_63. 
This delivery is obtained by means. of pump _67 and pipe 
‘line 68. I . 

The generator or other source of current ,is indicated 
at 72. This generator is connected with the anode by 
means of wire 12 which leadsto a suitable clamping 
sleeve 71 seated on the tube 10. The negative .pole of 
the generator or source of current is connected by means 
of a wire 14 with the cable 74 leading to the cathode. 

This cable which may be attached to the rod 40 runs 
over pulley 73 to a drum or reel76 on which it is reeled 
by driving means which are not shown. I It may be pref 
erably also used to carry the current frornthe generator 
if suitable provisions for insulation are made. 

Operation preferably starts when the cathode is at the 
lowermost end and is slowly lifted within the tube, the 
electrolyte being circulated continuously .by means of the 
pump 67 through the space subjected to electrolytic action 
by means of the slots 18 and the channels .24. When 
penetrating into space v11 the electrolyte is discharged 
into the upper receptacle 62 and reenters circulation by 
means of pipe 65 carrying it to the accumulating and 
cooling tank 70. e ' - i ;. ' 

It is thus seen that the electropolishing' process is char 
acterized by a constant change of‘ the‘electrblytic'solution 
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by means of which fresh solution at a relatively low toni 
perature is continuously substituted for the solution in the 
?uid body through which the current is passed. Gas 
produced by the electrolytic process is therefore constant 
ly carried away as fast as it is formed. The heating of 
the solution during the electrolytic process even with very 
high currentdensity cannot reach excessive temperatures 
on account of the constant change of the solution and 
any gas which may be produced is rapidly carried away 
with the solution. The current consumption is limited 
because the anode area as well as the cathode area is 
limited. No current can pass from the cathode to the 
anode outside the con?ned area which is ?lled by the 
electrolytic solution and which is contained between the 
two shields. The areas of the cathode and of the anode 
are both con?ned to the same unchanging value during 
the entire process; the area which is polished is merely 
a fraction of the entire area and changes continuously its 
location, but never changes its extension.r.Further, no 
crests or other irregularities can be produced as the cath 
ode and anode both change their position gradually, con 

_ tinnously and constantly. 
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The low current densities which occur in most electro 
polishing arrangements on account of the spreading of 
the current and which lead to dulling and etching are 
completely eliminated as the anode surface facing the 
cathode surface receives only currents of predetermined 
value, and is of constant area, so chosen that the current 
densities. show suitable values. Further, the speed of 
circulation of the electrolytic ?uid is so chosen that the 
desired condition at the points of electrolytic action are 
maintained. The method thus produces a constant de? 
nite value of the current in every part of the surface to be 
electropolished; it eliminates the possibility that condi 
tions other than those intended may prevail and it keeps. 
the values of the voltage and amperage, in spite of the 
high current densities, on such a level that the disturbing 
in?uences associated With high current densities cannot 
develop. ' 

. The equipment used may be so modi?ed that it can be 
used,~ in connection with a plurality of tubes electro 
polished simultaneously. Figure 11 diagrammatically 
illustrates such an arrangement. 

This multiple. polishing process is preferably carried 
out ,within a heat exchanging container 80 which may be 
divided into three compartments or zones by means 
of cover plates and insulating gaskets 81, the middle com 
partment 82 forming the‘heat exchange proper while the 
upper and lower compartments 85, 86 are circulation 
compartments which are provided with lids and gaskets 
having openings holding the tubes 10 during‘the electro 
polishing process. 
' A. number of tubes 10 is arranged between the two 
compartments 85 and 86 each being provided with the 
movable cathode equipment as above described. Each 
cathodeyequiprnent is supported by a cable or wire 88 
which is ?xed to‘ cathode member 15 either directly or by 
means of a rod, as shown in Figure 1. 

All the cables or rods 88 are suspended on a cross beam 
structure 90 which‘ is slidable on vertical guide rods or 
posts 91 by means of insulated bushings 93 and which 
is supported by a cable 92 attached to it. The cable 
may be paid out or reeled in by means of a drum driven 
by a suitable driving means (not shown). 
The generator 72 is again connected by means of wires 

12' with the cover member 87 in contact with the tubes 
10 on one side and with the cable or rod carrying cross 
beam structure 90 by means of wire 14 on the other side. 
The beam structure is in contact with the cathodes 15 by 
means of the rods or cables 88. 
The circulation of the electrolyte through the tubes 10 

and through the two compartments 86 and 85 is obtained 
by means of pipes 65, 68, leading to and from an accumu 
later or reservoir tank 70 and by means of pump 67. i A 
cooling ?uid circulation may however in this case be pro 
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duced through the middle compartment 82 of the con 
tainer 80, the entrance and exit nipple for such circulator 
being indicated at 95 and 96 respectively. The cooling 
tluid (normally cold water) therefore may ‘act directly on 
the tubes 10 which are in contact with the electrolyte. 
A modi?cation of the equipment for carrying out the 

method according to the invention is illustrated in Figures 
4, 5 and 6. 

The- cylindrical tube 10 the interior surface of which 
is to be electropolished surrounds a movable cathode 
member 35 which has the shape of a cylindrical rod and 
which is provided with external threads 38 at the bottom 
end and with internal threads at its top end. The cathode 
35‘ is again placed coaxially with the tube 10 and is held 
by the conducting rod 40 which has a threaded end en 
gaging the threads of the bore 38 and which is insulated 
by means of an insulating sleeve 42. 
The tube 10 is connected with conductor 12 leading to 

the positive side of ‘the source of current, while the con 
ducting rod 40 is connected with a negative conductor 14. 
The con?nement of the treated surface value is again 

obtained in the ?rst place by the limited size of the 
cathode, the area of which is merely a fraction of the 
total area to be treated. The cathode, as already stated, 
is movable relatively to the anode surface either by mov 
ing the rod 40 upwardly or downwardly by moving ‘the 
tube 10 upwardly or downwardly while holding the 
cathode member in its position. i . 

The cathode 35 carries the two shields 44 and 45, the 
bottom shield 45 ‘being provided with a threaded bore 
46 which engages the threads of bore 36. The shield is 
again of insulating material and has the shape of a piston 
which is loosely ?tted into the outer tube 10 with a pre 
determined clearance, as indicated at 50. This clearance 
serves as. a means for circulating the solution between 
the shield and the tube 10. The clearance space 50 
therefore mus-t be very ‘accurately determined. 
The upper shield 44 also consists of insulating ‘material 

and has the shape of a hollow piston, the head portion of 
the piston being provided with a bore 48 which engages 
{the sides of the conducting rod 40 which are above the 
threaded bore 38. This shield 44 is likewise ?tted into 
the tube with a clearance 50 which permits the out?ow of 
a certain quantity of the electrolytic solution. 

In all other respects the arrangement shown in Figures 
4, 5 and 6 is simil'arlto the arrangement which has already 
been described in connection with Figures 1, 2 and 3. 
The solution in this case is introduced, as before, at 

the lower end 30 of the tube 10 by means of a pump and 
is forced through the clearance space 50 into the space 
34 which surrounds the cathode 35 and which is in its 
turn surrounded by the tube 10. This space is limited 
at the top and bottom ‘by the shields 44, 45. The clear 
ance space must be so determined that there is a constant 
forced circulation of the electrolytic solution alongrthe 
treated surface which replaces the overheated solution at 
a spot'at which the electrolyte is in contact with the sur 
face and therefore high current densities prevail. On the 
other hand, the clearance space must be suf?ciently small 
to keep any possible current which passes from the cath 
ode towards the anode through the liquid in the clearing 
space. The current density for such a current passing 
through the clearance space must be so low that dul-l'ing 
or etching of the surface cannot occur. Any current 
which passes in this way must be below the density which 
may cause damage to the surface. 

It has been experimentally determined that the last 
named condition usually prevails when the clearance space 
is selected in accordance with the desired circulation speed 
and the above described method of circulating the ?uid 
has therefore proved to be very el?cient provided the 
clearance space is properly chosen. ‘ 
v The above described arrangement is specially suit; 
able for a slower circulation of the solution. Also in this 
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arrangement the cathodevv (or the anode) is' slowly but 
continuously moved relatively to the tube the inside of 
which is to be polishedtor relatively to the cathode re 
spectively). The electrolytic solution ?ows up through 
the clearance space 50 between the bottom shield 45 and 
tube 10 into the space 34 and from there ?ows up again 
through the clearance space 50 between the top shield 44 
and the tube 10 to the‘upper space 41 of the tube. The 
area which is exposed to the electrolytic action is con 
stantly continuously and graduallychanged during such 
movement, but the entire area on the inner side of the 
tube 10 is treated absolutely uniformly so that no irregu 
larity may result. 
The treatment may be completed ‘when the cathode has 

reached the upper end of the tube or the treatment may 
be completed in any number of passes. 
A further and much simpli?ed electropolishing method 

is illustrated in Figures 7, 8 and 9 which again shows the 
application of the invention to the electrolytic polishing of 
the interior of the tube 10. Into this outer tube 10 a 
second tube 55 forming a cathode which is of smaller 
diameter than the tube 10 is inserted in such a manner 
that it is coaxial with the tube. The cathode tube 55 
is closed at its ends by means of a stopper 56 or by means 
of a- sealing plate and the said cathode is moreover pro 
vided with slots 57 near but above the closed end. The 
cathode tube 55 is held within the anode formed by the 
tube 10 the interior of which is to be electropolished by 
means of the spacing shield 58 of insulating material 
which surrounds the lower end of the cathode tube. 
The cathode tube 55 is in this case of such a length 

th'at‘it projects at'the upper end of the tube 10, even 
when the lower end of the cathode is near the bottom 
end 30 of the tube 10. 
At a‘height which corresponds to that of the desired 

active area'of the cathode outwardly projecting pegs 49 
of insulating material are provided which form a seat for 
an insulating sleeve or shield 59 resting on said pegs 
which covers the entire upper part of the cathode tube 55 
which is contained within the tube 10. The area within 
which- the electrolytic process therefore takes place is 
thus con?ned to the area between the shield 58 and the 
pegs 49 on which the insulating shield 59 rests. The 
clearance space between the tube 55 and the shield 59 
is selected according to conditions. The cathode tube 
55 is again connected with the negative conductor 14 
leading to the negative side of the source of current while 
the outer tube 10 is connected with the positive conductor 
12 leading to said source. 

The electrolyte in this case circulates through the in 
ner or cathode tube flowing in from above at the upper 
end 60 of’the tube 55. The electrolytic solution then 
flows through the slots 57 in the cathode tube 55 into 
the space 54 between cathode and anode in which electro 
polishing takes place and then flows out through the tube 
10 and through the space surrounding the shielding sleeve 
59 through the upper end 62 of the tube 10. 
During the electropolishing process the cathode tube 

55 is slowly moved within the tube 10 thus‘ permanently 
and gradually changing the exposed area of the anode. 
The general arrangement for single tube polishing or mul 
tiple polishing for all modi?cations is practically the 
‘same as that illustrated in'Figures 10 and 11. 

It will thus be seen that the method according to the 
invention‘ permits to eliminate completely the interfer 
ence of the gas quantities produced during the process 
and due to high current'densities and to high tempera 
tures with the electrolytic process, while at the same 
time completely cutting out by con?nement of the electro 
lyticraction, all possibility for an electrolytic action per 
formed with low current values which may result in dam 
age to the surface to be polished. At the same time 
the method according to the invention provides a stable 
and regular circulation of the electrolytic solution and of 
.the gases in the same direction so that the latter as far 
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as ‘they are formed are carried away by the former. It 
is thus possible to conduct a process with constant volt 
age and amperage, to keep the current density within the 
desired values using relatively high current densities and 
to avoid by gradual constant and continuous displace 
ment of a well-de?ned area all irregularities which usually 
accompany the carrying out of the process in a step by ‘ 
step fashion. 

It will be clear that the examples which have been 
described and the steps of the method forming the es‘ 
sential part of the invention may be changed in many 
ways; especially unessential changes and additions may 
be made without in any way departing from the prin~ 
ciple of the invention as de?ned in the annexed claims. 
Having described the invention, what is claimed as 

new is: 
l. A method of electropolishing interior surfaces of 

elongated hollow objects of approximately constant cross 
section forming the anode of an electrolytic system which 
method consists in keeping the interior of the hollow ob 
ject which is to be electropolished ?lled with an electro 
lyte, in partitioning the electrolyte ?lled interior of the 
hollow object, forming therein an annular electrolytic 
chamber, occupying an elongated limited section of the 
hollow object to be electropolished between the interior 
surface of the said section of the hollow object and a 
concentric substantially equidistant surface axially extend 
ing through the said chamber, said parallel equidistant sur 
face forming the cathode of the electrolytic system, in 
substantially closing the annular chamber at its bottom 
end by an electrically insulating partition, con?ning the 
electrolytic polishing action to the electrolyte contained 
within said chamber which forms an annularcolumn 
supported on the closed bottom end, in circulating the 
electrolyte within said hollow object and through said 
chamber, forcing the electrolyte under su?icient pressure 
into the chamber at the bottom end of the column to 
constantly replace the electrolyte in the annular space, 
and in moving said chamber gradually and constantly 
along the hollow interior surface of the object to be elec 
tropolished.» 

2. The method as claimed in claim 1 wherein the cham 
ber is closed at the top and at the bottom except for a 
circulatory free cross-sectional area and wherein the 
electrolyte is circulated through the chamber from bot 
tom to top passing into the chamber at the bottom end 
and out of the chamber at the top end through the cir 
culatory free cross-sectional areas. 

3. The method as claimed in claim 1 wherein the elec 
trolyte is circulated through openings in the surface form 
ing the cathode of the electrolytic system. 

4. A method as claimed in claim 3 wherein a cooling 
?uid is circulated around the outside of the substantially 
tubular bodies during the relative movement of said 
bodies with espect to the chambers on their inside. 

5. The method of electropolishing the inside of an 
elongated substantially tubular body the ends of which 
occupy different heights which consists in circulating an 
electrolytic liquid under pressure through the substan 
tially tubular body to be electropolished and through 
?uid storage spaces in communication with the ends of 
the tubular body and through a pipe system joining said - 
fluid storage spaces, in pumping the electrolyte under 
pressure into the said tubular body at the lower end of 
the same and in driving it through the said tubular body 
to the upper end, in dividing said electrolyte ?lled sub 
stantially tubular body into sections, in substantially in 
sulating one elongated tubular section with'respect to 
electrolytic action, forming a chamber substantially 
closed at its ends through which the electrolyte may how 
ever circulate, in applying to the substantially tubular 
body a voltage adapted to produce operation thereof as 
an anode of the electrolytic system, in applying to an 
inner axially extending surface contained within the insu 
lated elongated tubular section forming a chamber a 
voltage adapted to produce operation of the surface as a 
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cathode of the electrolytic system, the electrolytic polish~ 
in process being thus con?ned to the insulated section, in 
relatively moving the said tubular body and the said in; 
sulated elongated‘ chamber and axially extending cathode 
surface along the interior surface of the substantially 
tubular body through the electrolyte ?lling the same, the‘ 
electrolyte circulating constantly through the chamber‘ 
con?ning the electrolytic polishing action. 

6. An electrolytic system for electropolishing the in 
terior surfaces of hollow elongated metallic objects ?lled 
with an electrolyte and acting as the anode of the system, 
comprising an elongated cathode member arranged within 
the metallic object to be electropolished and provided at 
each end with insulating shields extending transversely 
from said cathode member substantially adjacent to the 
interior surface of the said object to be electropolished, 
substantially ?lling the cross-sectional area between the 
anode and the cathode, said shields and cathode vmember 
thus forming a substantially closed chamber limiting the 
electropolishing action to the space between the shields, 
means for producing a relative movement between said 
shield carrying cathode member and the elongated metallic 
object to be electropolished, and means for producing a 
constant forced circulation of the electrolyte through the 
space between the shields to maintain a con?ned electro 
polishing process within a circulating electrolyte passing 
constantly through the substantially closed chamber mov 
ing within the electrolyte ?lling the object to be electro 
polished. 

7. An electrolytic system for electropolishing the in 
terior surfaces of hollow elongated metallic objects ?lled 
with an electrolyte and acting as the anode of the system 
as claimed in claim 6, wherein the cathode member has 
a hollow end portion provided with an axial opening 
and with a radial opening for the circulation of the elec 
trolyte and wherein the insulating shield held near the 
other end portion of the cathode member is likewise pro 
vided with openings for the circulation of the electrolyte, 
said openings thus providing passages for the circulation 
of the electrolyte from the hollow interior of the object 
to be electropolished at one side of the'closed chamber 
through the hollow portion at one end of the cathode 
member, through the space enclosed by the insulating 
shields and through the opening in the shield at the other 
end of the cathode, to the hollow interior of the object 
on the other side of the closed chamber. 

8. An electrolytic system for electropolishing the in 
terior surfaces of hollow elongated metallic objects ?lled 
with an electrolyte and acting as the anode of the system 
as claimed in claim 6, wherein the insulating shields have 
the shape of pistons ?tted into the interior of the object 
to be electropolished with a clearance, the electrolyte 
being circulated through the space contained between the 
insulating shields carried by the cathode member through 
the clearance spaces between the said shields and the 
object to be electropolished. 

9. An electrolytic system for electropolishing the in 
terior surfaces of hollow elongated metallic objects ?lled 
with an electrolyte and acting as the anode of the system 
as claimed in claim 6, wherein the hollow elongated ob 
ject to be polished is stationary in a vertical position and 
wherein the cathode member and the insulating shields 
carried thereby are moved upwardly along the said sta 
tionary object, and wherein the means for producing a 
constant forced circulation moves the electrolyte up 
wardly through the hollow interior of the object to be 
electropolished and through the chamber between the 
insulating shields carried by the cathode member. 

10. An electrolytic system as claimed in claim 9 com 
prising in addition a closed pressure container at the 
lower end of the elongated hollow object to be electro 
polished and an open container surrounding the upper 
end of the said object, a circulating pipe system between 
the two containers including a cooling means, the said 
means for producing a. constant forced circulation of the 
electrolyte producing a hydraulic pressure moving the 
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electrolyte into the closed pressure tank and from the 
pressure tank through the hollow object to be electropol 
ished into the open tank. 

11. An electrolytic system as claimed in claim 9 fur 
ther comprising a container surrounding the elongated 
axially symmetrical metallic object to be electropolished, 
and means for circulating a cooling ?uid through the 
last named container for cooling the object to be electro 
polished during the electropolishing action. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 

1,793,069 Dunkley _____________ __ Feb. 17, 1931 

12 
2,412,186 Whitehouse et al. _____ __ Dec. 3, 1946 
2,490,730 Dubilier _____________ __ Dec. 6, 1949 
2,577,644 Bartlett ______________ __ Dec. 4, 1951 

FOREIGN PATENTS 
530,041 Great Britain _________ __ Dec. 4, 1940 
331,104 , Great Britain _________ __ June 26, 1930 

OTHER REFERENCES 
“Monthly Review of the American Electroplaters So 

ciety,” September 1944, pages 807 thru 812 of article by 
Faust. 


