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This invention relates generally to improvements in 
finishing technique and more particularly to a method of 
surface finishing workpieces within a barrel having an 
equilateral polygonal cross-section gyrating at a high 
speed. 

Heretofore, numerous attempts have been made to 
surface finish workpieces made of metals or ceramics. 
For example, the rotary barrel process is typical of barrel 
finishing processes known for long time and actually 
carried out in a variety of fields of the finishing art. 
According to the rotary barrel finishing process, a mix 
ture of workpieces to be finished and abrasives which 
may include admixed therein any suitable lubricant or 
any suitable surface activator tumbles in a barrel rotat 
ing at a relatively low speed about its longitudinal cen 
tral axis to contact and scrub the workpieces with the 
abrasives to thereby finish the workpieces. This process, 
however, consumes a long period of time before the 
completion of the finishing operation and it is impossible 
to perform finishing of minute workpieces thereby be 
cause a mixture of workpieces and abrasives tumbles due 
to its weight alone. 

Also it is well known that, by using any cylindrical 
pot mill or crushing mill, workpieces can not be sub 
jected to a surface finishing treatment. If such a mill 
is used to finish the workpieces, the Workpieces including 
admixed therewith suitable abrasives normally slips down 
along the internal surface of the mill as a unitary mass 
resulting in greatly uneven scrubbing-off of the work 
pieces. Alternatively, a mass comprising the Workpieces 
and the abrasives admixed therewith may be forced to 
slide on the internal Surface of the vessel resulting in 
rubbing-out and crushing of the Workpieces. 

Accordingly, it is a general object of the invention to 
eliminate the abovementioned disadvantages of and ob 
jections to the prior art practice. 

Another object of the invention is to provide an im 
proved method of efficiently surface finishing workpieces 
in a barrel effecting planetary gyration at a high Speed 
in order to utilize a high centrifugal effect. 

It is a further object of the invention to provide an 
improved method of surface finishing workpieces which 
meets operational requirements exceeding those imposed 
on the conventional type of finishing processes. 
An additional object of the invention is to provide an 

improved method capable of heavily cutting, abrading 
polishing and burnishing very minute workpieces such 
as parts of wrist watches, pen points of fountain pens 
or small jewels which could not be previously subjected 
to such actions. 

With the above objects in view, the invention resides 
in a method of surface finishing workpieces, comprising 
the steps of loading a mixture of the workpieces and 
substantially spherical grains of abrasives in each of a 
plurality of barrels or drums each having its internal 
cross-section in the shape of an equilateral polygon, 
causing said barrels with the loaded mass to gyrate about 
an axis of a shaft spaced away from the barrels and 
disposed parallel to the longitudinal axes of ail the 
barrels at a high speed while maintaining said barrels 
in a fixed orientation, said gyrational movement of the 
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2 
barrels being such that only the free surface layer of 
said loaded mass flows down successively in the direction 
of gyration of the barrel without tumbling movement 
whereby only the workpieces within the free surface 
layer are surface finished with the abrasives. 
An apparatus suitable for use in carrying out the 

method of the invention may preferably comprise at 
least two barrels or drums each having the internal 
cross-section in the shape of an equilateral polygon, a 
mass of workpieces and substantially spherical grains of 
abrasives loaded in each of said barrels, a shaft, a pair 
of spaced rotary discs rigidly secured to said shaft for 
rotatably supporting said barrels in symmetry-of-rotation 
relationship, drive means for effecting gyration of said 
barrels about the axis of said shaft in one direction, a 
stationary sprocket wheel device with a plurality of 
rows of teeth secured to a base block and loosely fitted 
onto said shaft, a sprocket wheel mounted coaxially to 
each of said barrels to be operatively coupled with dif 
ferent ones of said rows of teeth on said sprocket wheel 
device through an endless chain, a tensioning wheel for 
maintaining the associated endless chain in its tensioned 
state, said sprocket wheel device said sprocket wheel, 
said tensioning wheel and said endiess chains being ar 
ranged to rotate each of said barrels with respect to said 
pair of discs in the direction opposite to said one direc 
tion in such a manner that each of Said barrel effects 
one complete rotational movement relative to said pair 
of discs during one complete rotational movement of 
the latter to gyrate about said axis of said shaft while 
the same is maintained in the fixed bearings, the gyra 
tional movement of each barrel being such that said mass 
includes on its free surface layer a sliding layer flowing 
in the direction of gyration of said barrel without tum 
bling movement, said flowing movement of said sliding 
effecting circulation of said mass within said associated 
barrel. 
The invention as to both its organization and the 

manners of operation and practice, together with other 
objects and advantages thereof, will be more readily 
apparent from the following detailed description taken 
in conjunction with the accompanying drawings in which: 

FIG. 1 is a diagrammatic sectional view of a prior 
art rotary drum showing the manner in which a mass 
loaded in the drum partially flows, while tumbling, in 
the rotating drum. 

FIG. 2 is a diagrammatic sectional view of the drum 
illustrated in FIG. 1 and showing the charge cohered 
on its internal Surface due to the centrifugal effect pro 
vided by the drum being rotated at a high speed exceeding 
its critical speed; 
FIGURE 3 is a diagrammatic representation useful 

in explaining the principle of the invention and illustrat 
ing, in cross-section, the manner in which a mass loaded 
in each of the drums having an equilateral polygonal 
cross-section is positioned in the drum while the drum is 
gyrating at a high speed and in the direction that the free 
surface layer of the mass flows within the drum; 
FIGS. 4 and 5 are diagrammatic cross-sectional views 

illustrating in more detail the manner in which the mass 
loaded in the drum illustrated in FIG. 3 flows within the 
same gyrating at a high speed; 

FIG. 6 is a front elevational view, partly broken away, 
of an apparatus constructed in accordance with the teach 
ings of the invention; 

FIG. 7 is a side elevational view of the apparatus il 
lustrated in FIG. 6; 

FIG. 8 is a plan view of a mechanism for effecting 
gyrational movement of a plurality of drums illustrated in 
FIGS. 6 and 7; and 
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FIG. 9 is a graph useful in explaining the results of the 
invention. 
Through the several figures like reference numerals 

designate similar components. 
In order to aid in fully understanding the invention, 

the prior art type of barrel finishing methods will now 
be described. 

In the past, numerous barrel finishing methods and ap 
paratus have been proposed in order to finish a variety 
of workpieces made of either metals or ceramics. All 
of them, however, have advantages and disadvantages and 
are presently in a stage where they are still required to 
be largely improved. For example, the rotary barrel 
finishing method which is typical of the barrel type well 
known and widely used for along time is to load a 
charge including proper proportions of workpieces to 
be finished, any suitable abrasives, water, and, if de 
sired, a lubricant or a surface activator into a barrel and 
to slowly rotate the barrel with the mass about its longi 
tudinally central axis with the barrel maintained in its 
horizontal position. Under these circumstances, the mass 
within the barrel tends to be raised in the direction that 
the barrel is rotating. F.G. 1 illustrates this tendency of 
the mass. A barrel B is rotating about its longitudinal 
axis horizontally disposed, in the direction of the arrow 
r and has loaded therein a suitable amount of a mass C 
such as that above described. As shown, the mass C in 
cludes its upper or free surface layer S raised in the direc 
tion of rotation r. Due to its weight the free surface 
layer S tends to slide down along the tilted surface in 
the directions opposite to the direction of rotation where 
by the same flows and tumbles. Within the free surface 
layer S thus flowing and referred to hereinafter as a sliding 
layer, workpieces and abrasives are rubbed against each 
other and finished. Water functions to prevent any 
violent impact between the components of the mass and 
also any collision of the mass against the internal wall of 
the barrel. 

If the rotary barrel finished method as above outlined 
is used to finish very minute workpieces, the same will 
be only subject to very low pressure or stress which is 
caused by their contact with the abrasives used, because 
of their light weight and hence they are only slightly 
abraded. For example, when such workpieces were 
finished in a rotating barrel for scores of hours, the 
thickness removed from the surface of the workpieces 
was only a few microns. To increase the thickness of the 
surface removed from the workpiece the barrel may be 
speeded up. Alternatively, the finishing time may be in 
creased. As is well known, however, the number N of 
rotations per minute of a barrel has a practical upper 
limit defined by the expression N=32/Vd where d desig 
nates the diameter of the barrel of circular cross-section 
in meters. If the barrel is rotated at a speed exceeding 
this upper limit then a mass within the rotating barrel 
will be raised too high along the internal surface of the 
barrel until the same will fall down from adjacent the 
uppermost portion of the interior of the barrel. Thus 
workpieces forming a part of the mass may be dented 
upon falling down leading to the impossibility of smooth 
finishing. If the number N of rotations per minute of 
the barrel exceeds a magnitude defined by the expression 
N=42/Vd then the centrifugal effect due to the rotation 
of the same will cause the mass to cohere to the entire 
internal surface of the rotating barrel as shown in FIG. 
2 whereby the mass looses its fluidity with the result 
that no finishing is performed. 

Further, there is the prior art method of finishing work 
pieces in a vibratory barrel. In this case, it is required 
to correlate the frequency of vibration with its amplitude 
such that they should be inversely proportional to each 
other. In general, the maximum amplitude of vibration 
should be decreased as its frequency is increased. It 
is well known that the barrel should be vibrated at a 
frequency between 1500 and 1800 cycles per minute for 
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the maximum amplitude of 8 mm. and between 3000 and 
3600 cycles per minute for the maximum amplitude of 
1 mm. which is the lower limit for practical purposes. 
If the barrel is vibrated outside of the range just specified 
then a finishing operation is not performed. It has been 
found that whether a barrel is rotated or vibrated within 
either of the practicable operating ranges as above pointed 
out respectively does not greatly affect either the distance 
through which a mass can flow in the barrel or its flow 
rate. 
The finishing methods utilizing rotating and vibrating 

barrels respectively rely upon an intermittent frictional 
motion between workpieces and abrasives which form a 
sliding layer of mass in the barrel, that motion being a 
tumbling and contacting motion of the mass intermittently 
effected within the sliding layer. It will therefore be 
apparent that such methods are low in efficiency of finish 
ing by a value as high as or even exceeding 90% as com 
pared with the case in which a frictional motion was con 
tinuously effected between the workpieces and the abra 
sives. In addition, the force between the workpieces and 
the abrasives is a pressure under which they collide with 
each other when they slide down in a sliding layer such 
as that previously described in conjunction with FIG. 1 
and hence such force results principally from their weights. 
For this reason, the force between the workpieces and the 
abrasives as they contact each other will be very low re 
Sulting in a great decrease in finishing power. This 
means that it is fundamentally impossible to finish ex 
tremely minute workpieces in a rotationg barrel. The 
Same is true of a vibrating barrel. 

Since workpieces to be finished are of a wide variety 
the operational conditions for finishing them have in the 
past been critical. In other words, those conditions were 
previously required to be selected in accordance with the 
Specific gravity, configuration, dimension and material of 
the workpiece and the degree of finishing such as rough 
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grinding or abrasion, cutting-down, polishing or burnish 
ing. Therefore, for each kind of workpiece, it was neces 
Sary to Select the material, configuration and dimension of 
abrasives, proportions of workpieces, abrasives, water and 
a lubricant or activator, an amount of a mass loaded in 
a barrel, a speed of rotation of the barrel dependent upon 
the dimension and configuration of the workpieces, etc. 
Consequently, a series of experiments had to be, as a 
matter of course, conducted to grope and establish the 
Critical operational conditions for the purpose of satis 
factorily finishing the workpieces. 

It is now been found that the utilization of the centri 
fugal effect which was heretofore objectionable in rotary 
barrel-finishing methods leads to an increase in finishing 
Speed and hence in efficiency of the finishing operation. 
Thus the invention is based upon the fact that barrels 
into which workpieces and abrasives are loaded effect 
planetary gyration about an axis of a shaft spaced away 
from the barrels and disposed in parallel to the longitudi 
nal axes of all the barrels at a speed far exceeding the 
Speed of rotation which was heretofore its upper limit 
for the purpose of avoiding an excess of the centrifugal 
effect as previously described in conjunction with FIG. 2. 
In this way, the invention can utilize the centrifugal 
force amounting up to several hundred times the centri 
fugal force corresponding to said upper limit for the 
speed of rotation of the barrel. 

Referring now to FIG. 3 of the drawings, there is 
illustrated the principle of the invention. Plural pairs 
in this case two pairs of barrels or drums B1, B2, B3 
and B4 having an equilateral polygonal cross-section, in 
this case an equilateral hexagonal cross-section, are dis 
posed Such that their respective longitudinal axes are 
positioned at Substantially equal angular intervals on 
a circular cylindrical surface represented by a circle K 
having a center Z. In other words, the barrels are dis 
posed in Symmetry-of-rotation relationship. All the 
barrels are adapted to effect planetary gyration at a high 
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speed about an axis passing through the center Z and 
parallel to the respective longitudinal axes of the barrels 
by a drive to be described later. With the arrangement 
illustrated any edge or vortex line of each barrel will 
depict a locus of circular shape such as a locus L which 
the uppermost edge of the barrel B1 depicts while the 
barrels are always maintained in the fixed bearings in 
a fixed orientation. The barrels should be driven at a 
speed exceeding 180 gyrations per minute and preferably 
at a speed on the order of 200 gyrations per minute. 
In general, the barrels should be advantageously driven 
af a speed on the order of 165/VD gyrations per minute 
where D represents the diameter of the circle K or L 
shown in FIG. 3. 
Thus it will be seen that during such gyration of the 

barrels each mass C1, C2, C3 and C4 composed of work 
pieces, abrasives, water and the like and loaded in the 
associated barrels B1, B2, B3 or B4 is accumulated on 
that portion of the internal wall of the associated barrel 
positioned outside of the locus such as the locus K by 
the action of a high centrifugal force exerted on the 
Same and that the mass thus accumulated is displaced 
with respect to the associated barrel as the latter is 
gyrated about the axis of revolution Z in the direction of 
the arrow r in FIG. 3. For example, as the barrel which 
starts at the uppermost position represented by the barrel 
B1. Successively gyrates through its positions represented 
by the barrel B2, B3 and B4 respectively, the mass C1 
accumulated in the upper half portion as viewed in FIG. 
3 flows successively into the positions represented by 
the masses C2, C3 and C4, respectively while the free 
Surface of the mass remains substantially smooth as seen 
in FIGS. 3-5 rather than undulated as in the rotary driven 
process shown in FIG. 1. 
As shown by the arrows within each barrel in FIG. 3, 

this relative displacement of the mass is effected such that 
breaking of the mass begins with the free surface portion 
of the same and proceeds progressively into the interior 
of the mass whereby the same flows smoothly and is dis 
placed to its next position while the free surface remains 
smooth. 

Referring now to FIGS. 4 and 5 of the drawing, there 
is illustrated by way of example the manner in which 
the mass C2 in the barrel B2 flows and is displaced to 
its position represented by the mass C3 in the barrel B3. 
In order to displace the smooth free surface S1-S1’ of 
the mass C2 to a new smooth free surface S2-S2', a 
stratified zone or layer between lines S1-S1 and S2-S' 
forming the upper layer portion of the mass is moved, 
as a sliding layer to form another sliding layer S2-S2'- 
Si'-S2' which will be subsequently moved to the next 
position for the sliding layer. More specifically, as shown 
in FIG. 5, the free surface S1-S' of the mass C2 is dis 
placed to a line S5-S5' through lines S2-S2, S3-S3' 
and S4-S4 while the surface layer of the mass is sliding 
in the direction of the arrows. During this sliding suc 
cessive portions of the mass are brought into the surface 
layer at the right hand end and other portions are suic 
cessively moved from the surface layer into the mass at 
the left hand end. Thus the mass C2 tends to be accumu 
lated on the portion of the interior of the barrel repre 
sented by the mass C3 during a quarter of the gyration 
of the barrel with the result that all portions of the mass 
are uniformly displaced. 

Results of experiments have indicated that the thick 
ness of the sliding layer flowing smoothly in this way 
or the spacing between the lines S1-Si' and S2-S1' 
(see FIG. 4) designated by “l corresponds approxi 
mately to an eighth of the diameter d of a circle in 
scribed about the polygonal cross-section of the barrel. 
Therefore, as in the rotary barrel method, the dimension 
of a workpiece or abrasive should be less than l for 
satisfactory results. If a mass includes admixed there 
with workpieces or abrasives having their dimensions ex 
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6 
ceeding l then the latter may be forced out of the sliding 
layer to collide against the internal wall of the barrel. 
For this reason, any workpiece or abrasive whose dimen 
sion is greater than l should not be used. However, 
any workpiece in the form of either a sheet or a wire 
has been found to be satisfactorily finished according 
to the invention provided that the same has its maxi 
mum length ranging from two times from five times the 
depth l of the sliding layer. It has been found also that 
a mass comprising workpieces and spherical abrasives 
less than l in size and even as Small as on the order of 
0.01 mm. or less can smoothly flow within the aforesaid 
sliding layer by the action of high centrifugal force with 
out the same cohering to the internal wall of the barrel, 
whereby the finishing operation is performed with a high 
efficiency of finishing. - 

Under these circumstances, the mass is always drawn 
toward the outside of a locus such as the locus K by the 
high centrifugal effect and is accumulated in that place 
without intermittent contacting and jostling occurring 
between the workpieces and the abrasives. At the same 
time, only the sliding layer forming the stratified free 
surface Zone of the mass flows in the direction of the 
arrow s illustrated in FIG. 3. Thus the workpieces and 
abrasives within the sliding layer effect completely con 
tinuous frictional movement but are not separated from 
each other at all. It is to be noted that during flowing 
movement as above described, the greater part of that 
portion of the mass accumulated in a region other than 
that of the sliding layer and more particularly that por 
tion of the mass contacting the internal wall of the barrel 
is not moved at all with respect to the latter but gyrates 
together with the barrel. Therefore, the internal wall 
of the barrel is not damaged. It is also to be noted that 
any portion of mass not moved with respect to the gyrat 
ing barrel is gradually changed in its position relative to 
the barrel for the reason that the sliding layer of the 
mass is successively displaced in the manner as previ 
ously described until the same reaches the interior of the 
sliding layer. At that time, the position of the mass 
having reached the interior of the sliding layer flows for 
the first time within the layer without tumbling. Thus 
all the workpieces in the mass are repeatedly subjected to a 
finishing operation due to their flowing movement within 
the sliding layer and after the expiration of a predeter 
mined operating period they will have been finished ho 
mogenenously and uniformly. 
According to the teachings of the invention a mass is 

preferably loaded into a barrel in an amount on the order 
of from 50 to 60% by volume of the barrel as in the 
conventional type of rotary barrel finishing methods and 
workpieces should be admixed with abrasives in a range 
of from one to two parts of the abrasive for each part 
of the workpiece. It is noted that this proportion of the 
mixture is higher than in the conventional finishing meth 
ods. Further, the results of experiments indicated that 
during one complete gyration of a barrel according to 
the invention a sliding layer of a mass flows through 
a distance and in an amount equal to a distance and an 
amount which a sliding layer of a mass flows while 
tumbling within a rotating barrel having the same di 
mension during complete rotation of the same. 
Any of the rotary barrel finishing methods can actual 

ly use the maximum number of rotations of a barrel not 
exceeding 25 /Vdr.p.m. where d is the same as that previ 
ously defined whereas the present barrel can normally gy 
rate at 165VD rip.m. where D is the diameter of the 
circle K shown in FIG. 3. If it is assumed that the 
barrels have the same dimension in both cases when a 
locus of any barrel such as the locus K for the barrel B1 
(see FIG. 3) always has its average radius equal to ap 
proximately 3.3 times the radius of rotation for a ro 
tating barrel from the standpoint of design and construc 
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tion. This results in a great radius of gyration with which 
the barrel can gyrate. 
Thus it will be appreciated that the pressure appear 

ing between workpieces and abrasives during their flow 
ing movement is enhanced by the high centrifugal effect 
whereby a finishing operation such as heavily cutting 
down or a polishing operation is greatly improved. In 
fact, the pressure under which workpieces effect continuous 
frictional movement relative to the abrasives at high 
speeds is substantially equal to several hundred times 
the pressure under which workpieces intermittently con 
tact abrasives by the action of their weights within the 
rotating barrel. In addition, the invention permits the 
barrel to gyrate at a speed at high as desired provided 
that a device used for carrying out the same has a me 
chanical strength sufficient to withstand such high speed 
of gyration. 

Referring now to FIGS. 6, 7 and 8 of the drawings, 
there is illustrated an apparatus suitable for use in prac 
ticing the method of the invention as above described. 
The apparatus illustrated comprises a rigid enclosure 10 
including a lower portion of square cross-section 2 hav 
ing a thick wall, an upper portion covered by a dome 
shaped cover 14 and a thick horizontal partition 16 for 
dividing the interior of the enclosure into the lower and 
upper portions. The dome-shaped cover 14 is provided 
on its top with a door handle 18 serving to open and 
close a door (not shown) forming a part of the cover. 
When the door is open, components to be described are 
accessible. Within the upper portion of the enclosure 
there are vertically disposed a pair of rotary discs 20 in 
Opposed relationship and including a plurality of barrel 
cages 22 rotatably carried therebetween on a circle con 
centric to the same at substantially equal angular inter 
Vals. The apparatus is shown as including four barrel 
cages or drum cages 22-1, 22-2, 22-3 and 22-4 spaced 
from each other at an angular distance of 90 degrees 
but a greater or lesser number of the barrel cages may 
be used if desired. Each barrel cage 22-1, 22-2, 22-3 
or 22-4 is provided on both ends with a pair of trunnions 
24-, 24-2, 24-3 or 24-4 rotatably journalled on the as 
Sociated vertical discs 20 respectively and includes a bar 
rel or drum having an equilateral polygonal cross-sec 
tion B1, B2, B3 or B4 coaxially disposed therein for ro 
tation with the same. The pair of rotary discs 20 are 
Secured to a main horizontal shaft 26 rotatably supported 
at both ends by a pair of bearings 28 which, in turn, are 
rigidly secured to the horizontal partition 6. Mounted 
on the horizontal shaft 26 on one end portion, for ex 
ample, the lefthand end portion as viewed in FIG. 6 is 
a multi-grooved pulley 30, which, in turn, is operatively 
coupled through a plurality of endless belts 32 to a multi 
grooved pulley 34 rigidly secured to a driving shaft on 
an electric motor 36 rigidly secured to the bottom of the 
lower portion 12 of the enclosure 0. 

In order for the barrels B1, B2, B3 and B4 to gyrate 
about the axis of the horizontal shaft 26, one of the trun 
nions 24 for each barrel cage 22 can include a sprocket 
Wheel 38 mounted on its extension projecting beyond the 
asSociated rotary disc 20 in this case the righthand disc. 
Then the Sprocket wheels 38 are operatively coupled 
through the respective endless chains 40 to different ones 
of the plurality of sprocket wheels composing a sprocket 
wheel device 42 loosely fitted onto the main shaft 26 and 
Supported by base block 44, which, in turn, is rigidly 
secured to the horizontal partition. 16. It is noted that 
the sprocket wheels 38 for the barrels are the same both 
in number and diameter as the central sprocket wheels 
42. In order to maintain the chains 40 in their tensioned 
state one tensioning sprocket wheel 46 is rotatably 
mounted on the rotary disc 20 at any suitable position to 
engage each chain 48. It is noted that the central sprock 
et wheel assembly 42 is rigidly secured to the base block 
44 on the horizontal partition 6 and loosely fitted onto 
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8 
the shaft 26 independently of the rotational movement of 
the latter. 
The arrangement thus far described is operated as fol 

lows: The energization of the motor 35 causes the rota 
tional movement of the rotary discs 20 in one direction, 
for exampie, in the direction of arrow r illustrated in 
FiG. 8 through the components 34, 32, 30 and 25. As 
the rotary discs 20 are rotated about the axis of the main 
shaft. 26 in the clockwise direction as viewed in FIG. 8 
the cages 22 and hence barrels B will be rotated in the 
counterclockwise direction or in the direction opposite 
to the direction in which the discs are rotated with re 
spect to the discs by virtue of the endless chains 40 con 
necting the stationary central sprocket wheels 42 to the 
associated sprocket wheels 33. Because the sprocket 
wheels 38 and the central sprocket wheels 42 have a com 
mon diameter as previously pointed out, the cages and 
the barrels will effect one complete rotational movement 
relative to the supporting discs 20 during one complete 
rotational movement of the same. Thus, it will be ap 
preciated that the barrel can effect gyrational movement 
about the axis of the main shaft 26. In other words, 
during gyrational movement each barrel is maintained 
in the fixed bearings. After a charge composed of work 
pieces and abrasives, in their proportions as previously 
specified has been loaded in an amount as previously 
specified into each of barrels while they are dismounted 
from the barrel cages, the loaded barrels are again 
mounted in place within their respective cages whereby 
the apparatus is ready for a finishing operation. 
As previously pointed out, the barrels used in the in 

vention have an equilateral polygonal cross-section for 
the reason which will be apparent later and it has been 
found that a hexagonal cross-section is suitable for a 
smaller barrel including a pair of opposite sides of its 
polygonal cross-section separated from each other by an 
inside length less than 200 mm., and an octagonal cross 
section suitable for a larger barrel greater than 200 mm. 
in an inside length between a pair of opposite sides of 
its polygonal cross-section produces satisfactory results. 
It is to be understood that the cross-section of the bar 
rel means the internal cross-section of the same. There 
fore, if desired, a barrel may be advantageously used hav 
ing any desired outer configuration such as a circularly 
cylindrical surface so long as it has an internal croSS-Sec 
tion of an equilateral polygon. 

In order to minimize dynamic unbalance of the appara 
tus as above described, at least two barrel cages can pref 
erably be mounted on the rotary discs with the trunnions 
for the cages disposed on a circle having its center on the 
axis of the main shaft 26 at substantially equal angular 
intervals, that is, in symmetry of rotation relationship. 
In addition, it will be understood that the charge should 
be loaded in the respective barrels in amounts as equal 
as possible. 
As an example, the apparatus illustrated in FIGS. 6, 7 

and 8 was operated to surface finish needle rollers each 
having a diameter of 2.5 mm. and a length of 1.7 mm., 
with abrasives preshaped in spheres whose diameter was 
15 mm. The results are illustrated in FiG. 9 wherein 
the abscissa represents the treading time in hours and the 
ordinate the polished-out thickness in thousands of one 
millimeter. A curve a illustrates the results of the inven 
tion and curves b and c were obtained with the use of 
vibratory and rotary barrels respectively. From the 
curves shown in FIG. 9, it can be seen that the inven 
tion can improve the finishing efficiency over the con 
ventional vibratory and rotary barrel methods by a fac 
tor of several tens. The smaller the workpieces the higher 
this factor will be and in fact the value of the factor 
may reach to approximately a thousand. 

In addition to the great increase in the finishing speed 
just described, the invention is advantageous in that very 
thin articles such as diaphragm Sectors for photographic 
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cameras which may be 0.04 mm. thick and the second 
hands of wrist watches can be satisfactorily finished with 
out the development of strains in the articles because of 
the frictional finishing operation not accompanied by 
tumbling movement. 
The invention is also notable in that the requirements 

for selecting the type of abrasives used are largely allevi 
ated. In other words, all the types of finishing opera 
tions involving heavy cutting and polishing require only 
the use of spherical type bonded chip stones or nearly 
spherical grains of abrasives for the reason that no 
tumbling movement is effected in practicing the present 
method. It is well known that the spherical chip stones 
or nearly spherical shape of grains are most suitable for 
flowing movements at higher speeds. In sharp contrast 
to the invention, the conventional type of rotary or vibra 
tory barrel methods has predominantly used abrasives pre 
shaped into a triangular or rhombic shape for the purpose 
of suppressing tumbling movement of a sliding layer as 
previously described to thereby prevent reduction or loss 
because of jostling and finishing forces. It has been 
found that the use of triangular or rhombic abrasives 
in practicing the present invention results in a sharp de 
crease in the operational efficiency due to their resistances 
to flowing movement of the abrasives and articles to be 
finished and thereby to the difficulty of effecting smooth 
flowing movement. Thus it will be appreciated that, as 
chip stones or abrasives used in the invention should be 
of spherical or nearly spherical shape, the selection of 
abrasives will have been completed by selecting only 
the material and size of the same in accordance with the 
particular application. 

Finally, it is to be noted that, if mills of cylindrical 
cross-sectional shape were caused to gyrate about an 
axis such as the axis Z (see FIG. 3) with the same 
maintained in the fixed bearings, then the results of the 
invention as previously described are never achieved. 
More specifically, when such a mill including a proper 
amount of a mass loaded into it is gyrated in the same 
manner as in the invention, the free surface layer of the 
mass tends to slide in the same direction as the direction 
of gyration of the mill. However, before a small amount 
thereof has moved in such a direction most of the mass 
will slip down along the internal cylindrical surface of 
the mill in the direction of gyration with the mass main 
tained in a semi-circularly cylindrical shape in which the 
same was initially accumulated upon loading it into the 
mill. The repetition of these slipping motions of the 
mass causes repeated frictions to take place between the 
internal surface of the mill and the adjacent portion of 
the mass resulting in both damage of that surface and 
generation of heat on the same as well as Scratching of 
workpieces to be finished. Thus the workpieces can not 
be surface finished with satisfactory results. 
What I claim is: 
1. A method of surface finishing minute workpieces, 

comprising providing at least one elongated drum having 
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an internal cross-sectional shape of an equilateral polygon 
having from five to eight sides, filling about one half of 
said elongated drum with a mixture of the workpieces and 
Substantially spherical grains of abrasives, and rubbing 
the grains of abrasives and workpieces in only a surface 
layer of the mixture together and bringing successive 
portions of the mixture into the surface layer while suc 
cessively moving other portions from the surface layer 
into the remainder of the mixture and keeping the free 
surfaces of the mixture substantially smooth by rotating 
the drum about an axis parallel to the direction of elon 
gation of the drum and spaced laterally of the drum at 
a speed of rotation such that the centrifugal force is 
greater than the force of gravity and while holding the 
drum in the same orientation with respect to a horizon. 

2. A method as claimed in claim 1, wherein the 
abrasives are sperical type bonded chip Stones. 

3. A method as claimed in claim , wherein the mix 
ture comprises one part by weight of the workpieces and 
from one to two parts by weight of the abrasives. 

4. A method as claimed in claim , wherein said mix 
ture fills the drum in an amount equal to from 50 to 60% 
by volume of the drum. 

5. A method as claimed in claim , wherein Said drum 
is rotated at a speed of the order of 165VD r.p.m. where 
D represents approximately 3.3 times a diameter of circle 
inscribed about said equilateral polygonal cross-section 
of said drum. 
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