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John W. Pearson, Mendota Heights, Miun., assignor to 
Minnesota Mining and Manufacturing Company, St. 
Paul, Miun., a corporatiou of Delawa?-e 
Original application Sept. 27, 1963, Ser. No. 312,220. 

Divided and this application Jan. 22, 1968, Ser. 
No. 712,884 

Int. Cl. B05c 3/05, 3/08 
U.S. Cl. 118-418 3 Claims 

ABSTRACT OF THE DISCLOSURE 

Mechanical plating is carried out in a container which 
is simultaneously slowly rotated and rapidly axially re 
ciprocated. The container may be mounted at one end 
of a cantilevered leaf spring, a single motor simultane 
ously rotating the container and drivíng eccentric weights 
which sinusoidally de?ect the spring. Plated parts, liquid, 
impact media, and other barrel contents may be dis 
charged into one end of an operatively connected open 
end separating or post-treating drum, which tumbles the 
parts when rotated in one direction and discharges them 
from the other end When rotated in the cpposite direction. 

This is a division of application Ser. No. 3l2,220, 
?led Sept. 27, 1963, and now abandoned. 

This invention relates to apparatus and means for 
subjecting the surface of small objects to treatment with 
solid and/or liquid treating materials. In a presently pre 
ferred form it relates to means for mechanically applying 
metallic coatings to the surface of small metal objects; 
accordingly, the invention will be illustratively described 
with particular reference to this speci?c utility. 
The broad principles of mechanical plating are well 

known. Objects to be mechanically plated are generally 
cleaned, degreased, etched for the acceptance of a plating 
anchor coating (usually of a ductile metal such as cop 
per) anchor coated in a coating bath, and mechanically 
plated with a ductile metal, usually Zinc, or zinc alloy; 
they are then separated from the mechanical plating 
media, washed, optionally subjected to some post-treat 
ment (e.g., chromate coating), and dried. In some in 
stances, of course, one or more of the pre-treating and/ or 
post-treating procedures may be dispensed with. 

In the actual mechanical plating operation, the objects 
to be plated are tumbled in a barrel With small partícles 
of plating metal, a plating promoter, and, preferably, 
small impact media, generally in the presence of a liquid 
carrier. Plating depends on a random squashing of indi 
vidual metal partícles on the surface to be plated under 
the impacting force of the media and/ or the other objects, 
and the rate of plating is dependent to a great degree 
on the forces imparted by gravity. When attempts have 
been made to accelerate the process by increasing the 
speed of barrel rotation, centrifugal force holds the 
parts to be plated against the barrel walls and the rate of 
plating is actually decreased. The longer the plating 
operation requires, the greater the number of metal parti 
cles ?which ?atten and weld together before plating, there 
by becoming unusable. Particles of harder metals are ex 
tremely di?icult to plate because of the dif?culty in 
achieving su??cient mechanical force to ?atten them. 

Separation of the mechanically plated objects from 
the impacting media and unused metal partícles-not 
to mention cleaning, drying and post-treating-is cumber 
some With conventional equipment, requiring separate 
transportation of the parts between treating Stations and 
employing bulky, expensive equipment. Also, and of con 
síderable practical importance, the pre-treating, plating, 
and other equipment required for effective mechanical 
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plating occupies consíderable plant space. Because of the 
disadvantages just recited, many plating Operations which 
could bene?t from conversion to mechanical plating have 
been unable to do so. 

I have now devised a means and apparatus which is 
compact, convenient, versatile, and economical, combin 
ing the functions of several heretofore required separate 
and expensive pieces of equipment in an integrated metal 
?nishing center, and making economically feasible the 
mechanical plating of objects in small lots. With my im 
proved apparatus mechanical plating is carried out more 
rapidly, in less plant space, with less bulky and expensive 
apparatus, than by any previous mechanical plating system 
known to me. Further, with this new apparatus the ef 
?ciency with which the small metal partícles are plated 
on the surface of the objects, as well as the e?icíency of 
mechanical plating generally_ is greatly increased. 

In the practice of my invention, I provide a complete 
metal ?nishing center in a single apparatus and combine 
in two operably interconnected units all of the pre-treat 
ing, plating, and post-treating procedures necessary to a 
complete mechanical plating operation. The ?rst unit 
comprises a pre-treating and plating barrel and the second 
unit comprises a post-treating and separating drum. Once 
placed in the plating barrel, parts may be cleaned, de 
greased, etched, anchor coated, and mechanically plated 
without physical removal therefrom. The parts may then 
be transferred by the plating barrel directly into the 
separating drum, where plated parts and plating media 
may be separated from one another, the media returned 
to the plating barrel, and the parts subjected to such 
post-treating procedures as desired and then discharged, 
all *without further transfer of the parts or handlíng of 
separated media. 
The plating barrel is so mounted and arranged that 

it is not only capable of rotary motion but is also capable 
of extremely rapid, short-stroke, essentially axial, vibra 
tory, reciprocating motion to provide superior cleaning 
action and more rapid plating. The interior Construction 
of the barrel is such that turbulence is present essentially 
throughout during rotation; additionally, ?uids may be 
pumped into and removed from the barrel, While yet 
permittíng the barrel to serve as a materials handler in 
transferring its contents to the second unit of the appa 
ratus. 
The second unit of the apparatus is essentially a gen 

erally horizontally disposed sieve-líke drum which, as 
it rotates, causes liquids and small solid partícles to 
pass therethrough and large solid objects to be retained. 
This unit also includes auxiliary heating and/ or air 
moving apparatus, so that in one aspect of its operation' 
it constitutes a parts dryer. The interior of the separating 
barrel is provided with a unique blade arrangement which 
not only tumbles the parts to constantly expose fresh 
surface areas, but also acts to expel the post-treated parts 
from the drum for packaging. 
As will be apparent from the foregoing, this inven 

tion greatly reduces the amount of equipment and the 
separate handling of materials required by conventional 
mechanical plating Operations. A preferred form of my 
invention is illustrated in the accompanying drawing and 
will be more particularly described with reference thereto. 
FIGURE 1 is a side view of a treating apparatus em 

bodying the principles of my invention from the front, 
or operator`s side; 
FIGURE 2 is an enlarged side elevational view of the 

pre-treating and plating unit and its mounting, again from 
the operatofs side; 
FIGURE 3 is a greatly enlarged view, partly in cross 

section, of the mounting and operating assembly for the 
pre-treating and plating barrel from the back, or side 
opposite the operator`s side; 
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FIGURE 4 is a View from the back of the plating 
iarrel viewed substantially along the plane of line 4-4 
)f FIGURE 1; 
FIGURE 5 is a view of the plating barrel reciprocating 

assembly, largely in cross-section, taken substantially 
?long the plane of section line 5-5 of FIGURE 3; 
FIGURE 6 is a view of the worm gear assemlbly, which 

:ontrols the rotation of the plating barrel, this view 
aeing largely in cross-section and taken along the plane 
of section line 6-6 of FIGURE 3; 
FIGURE 7 is a view of the post-treating or separating 

drum, partially broken away to enhance claríty, as seen 
from the operator's side; 
FIGURE 8 is a view in aXial cross-section of the rotat 

ing drum employed in the second unit; and 
FIGURE 9 is a view in diametric cross-section of the 

Separator drum and surrounding shell in the second unit, 
taken along the plane of section line 9-9 of FIGURE 8. 
In the drawings, the apparatus is designated in its 

entirety by the numeral 10, and comprises essentially a 
pre-treating and plating unit 100 and a post-treating and 
separating unit 200, the units being operatively inter 
connected by means which will become apparent as the 
description proceeds. Structural details of plating unit 
100 are illustrated primarily in FIGURES 2-6, and struc 
tural details of post-treating unit 200 in FIGURES 7-9. 
The operation of apparatus 10 in toto is best described 
with reference to FIGURE 1. 

Plating unit 100 comprises a supporting frame 110 
swingably carrying thereon drive unit 130, which in 
turn supports plating barrel 120 and its actuating means. 
This assemibly is so constructed that plating barrel 120 
can be swung to position 120a for loading, to position 
120b for discharge and to any desired intermediate angle 
for operation. Pointer 116 notes the attitude of the plating 
barrel 120 on quadrant 117. Parts can be pretreated, 
mechanically plated, and transferred to post~treating and 
separating unit 200 by movement of barrel 120 to dis 
c'harge position 120b. 

Also carried by frame 110 is chute 170, which provides 
for drainage during rinsing cycles, etc., the lower end 
of chute 170 being provided with drain 171 leading to 
drain pan 172. Positioned to the right of frame 110 is 
loading bucket 180, mounted on lifter arm 181, which 
in turn is actuated by hydraulic cylinder 182. Loading 
bucket 180 provides a convenient means for elevating 
material to be charged to barrel 120, as shown in dotted 
lines at 180a, and also facilitates measuring the proper 
ratío of ingredients. 

Post-treating unit 200 comprises air heater-circulator 
210, open ended sieve-like separating drum 220 and shell 
230. Contents of plating barrel 120 are charged to drum 
220 through input chute 240 by swinging barrel 120 
counterclockwise to dumping position 120b. Located 
beneath shell 230 is pan 260, in which the material 
screened or otherwise separated from the treated `olbjects 
in drum 220 is collected. At the bottom of pan 260 is 
aspirator 261, which provides a means for withdrawing 
the contents of pan 260 and transferring it through a hose 
or pipe (not shown) to barrel 120 for further use. The 
?nished product of unit 200 is then discharged from drum 
220 through chute 250. 

Referring now particularly to FIGURES 2-4 inclusive, 
drive unit 130` is pivotally attached to frame 110 by means 
of trunnions 112 and 112a respectively journaled in 
bearings 113 and 11311 and ?rmly attached to the free 
ends of arms 131 and 131a of yoke 133 (FIG. 4). At 
their opposite ends suspension arms 131-131a are con 
nected through cross member 132 to complete U-shaped 
yoke 133. Gearhead motor 114 is connected to trunnion 
112a by coupling 115 and provides a means of swinging 
yoke 133, and equipment supported thereby, to any de 
sired angle. Attached to the upper and lower surfaces 
of cross member 132 are spacers 134 and 134a, to which 
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4 
are ?rmly attached one end of downwardly depending 
suspension leaf springs 135a, b, c, and d. 
To the free ends of leaf springs 135a-135b is bolted 

gear case-housing 150, within which lies hollow Shaft 
160, journaled in bearings 161, 162 and 162a and pro 
vided with upper and lower oil seals 163 and 163a. At 
the lower end of Shaft 160' is rotating union 164 and 
connection 165 through which water, steam, or other 
?uid may be introduced into barrel 120 via the interior 
of shaft 160. Annular pedestal 166 is ?rmly seated 
against the interior closed end of barrel 120, and held in 
position by bolt 168, which is threaded into the interior 
of hollow shaft 160. Extending radially through the outer 
end of bolt 168 are hollow passages 169, ordinaríly kept 
covered and sealed by rubber cup valve 167, which is 
held in place by bolt 168. When su?icient ?uid pressure 
exists in the interior of shaft 160, cup valve 167 spreads 
slightly to permit the ?uid to be injected into the in 
terior of barrel 120. Cover 124 closes the mouth of bar 
rel 120, protruding thereinto, and being snugly periph 
erally sealed rby gasket 125, which is in?atable through 
valve 126. Cover 124 may, if desired, be provided with 
ba?ies which permit the escape of steam but which pre 
vent accidental discharge of parts and/or impact media. 

Barrel 120 comprises metal shell 121 provided with a 
rubbery chemical-resistant, e.g., neoprene, lining 122. 
Lifter bars 123 are mounted at spaced intervals along 
the interior of barrel 120` to aid in `blendíng the contents 
thereof as barrel 120 is rotated. Lifter bars 123 are shown 
aligned in a plane radial to the axis of barrel 120; addi 
tional mixing action is obtaíned if they are mounted heli 
cally about the inner surface of barrel 120. Preferably, 
to prevent damage to parts being plated and to prevent 
plating of the barrel interior, lifter bars 123 are formed 
of or coated with a rough inert plastic such as high im 
pact strength polypropylene. 

Drive assembly 130, which provides both rotary and 
axially recíprocal motion to Shaft 160 and barrel 120, 
functions in the following manner: mounted on cross 
member 132 of yoke 133 is motor 133a having drive 
pulley 136 connected by drive belt 137 to pulley 138. 
Pulley 138 is mounted on Shaft 142, which also carries 
rotatable eccentric weights 139 and 140` and auxiliary 
weights 13911 and 14061. Shaft 142 is geared to Shaft 
147 so that the two shafts rotate in opposite directions 
at the same speed. Shaft 147, which also carries eccentric 
weights 144 and 145, auxiliary weights 144a and 145a, 
and pulley 151, is connected through drive belt 152 to 
pulley 153 mounted on Shaft 154 of worm 156, which 
in turn rotates Shaft 160. It will be seen that operation 
of motor l33a causes mutually opposite rotation of ec 
centric weights 139-140 and 144-145, and, since the thrust 
resulting from the eccentricity cancels out except when 
the heavy side of each weight is moving parallel to Shaft 
160, the result is to impart simple harmonic motion to 
shaft 160, causing it to reciprocate substantially axially. 

Cantilevered leaf springs 135a-135d inclusive provide 
a suf?ciently rigid support for housing 150I and its con 
tents to maintain a predetrmined attitude for barrel 120. 
At the same time springs 135a-135d are suí?ciently re 
silient to yield under the reciprocatory forces generated 
by the rotation of eccentric weights 139-140` and 144-145 
to permit a peak-to-peak oscillation of about 5-15- mil 
limeters. Springs 135a-135d may be made from conven 
tional spring steel, but desirably are made from such 
fatigue- and corrosion-resistant material as the glass ?la 
ment-reinforced resin described in Nelson U.S. Patent 
2,969,971. Care should be taken to see that the rate of 
reciprocation does not closely approximate the resonant 
frequency of springs 135a-135d in order both to limit 
the amplitude of movement of barrel 120 and to tender 
the system less dependent upon the load of the contents 
of barrel 120. 
When barrel 120` is of the 8-sided “tulíp” shape illus 

trated, it is typically inclíned at an angle of 40-45° to 
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the horizontal and reciprocated at about 1000 cycles per 
minute through a peak-to-peak amplitude of 5/16-inch 
while being rotated at about 100 surface feet per minute, 
thereby imparting forces on the order of 5 to 10 times 
that of gravity to the contents of drum 120. Plating time 
is thus greatly reduced, often to 1/2 or 1/s that required 
in the absence of reciprocation, with a wevll-consolidated 
plate. Perhaps even more important is the fact that the 
parts to be plated may have intricate shapes, the relative 
ly violent action serving both to impact metal particles 
into recesses and internal threads and to provide for the 
washing out of media which might otherwise retard plat 
ing. 
A suitable range of the amplitude of reciprocatíon has 

been found to be between %s inch and 1/2 inch. Since, 
however, the “g” forces generated are lineally related to 
the amplitude and to the square of the frequency, some 
compromise is possible. Frequency in the range of 250 
2500 cycles per minute may be employed for various 
purposes. To illustrate, relatively large' 1- or 2-lb. cast 
ings may be subjected to reciprocative frequencies at the 
high end of the range to prevent their damaging each 
other, while smaller objects may be advantageously sub 
jected to lower frequencíes. Likewise, a rotative speed on 
the order of 40 surface feet per minute is required to keep 
the parts from settling in the treating barrel, the primary 
reason for rotation. Metal stampings or other parts hav 
ing thin portions tend to abrade excessively at high speeds, 
but short screws or like objects may be tumbled at speeds 
of 400 s.f.p.m. or higher. 

It has also been found that the use of unit 100 greatly 
reduces_ degreasing and pre-plating cleanup time; the 
parts, impact media and cleaning solution may be placed 
in barrel 120, the rotary-reciprocatory action rapid'ly 
removing corrosion, scale, and carbon smut without the 
hydrogen embrittlement which often results frorn con~ 
ventional acid pickling Operations. During this operation 
live steam may be introduced through hollow shaft 160, 
emerging into barrel 120 through passages 169. Since the 
entire cleaning operation is rapid and requires only about 
10_15 minutes, and since only small amounts of cleaning 
solution are required, it is possible to use relatively un 
stable systems which are too costly and too short-lived 
for conventional dip tank cleaning. Following cleanup, a 
preliminary strike, or anchor, plate of copper may be 
applied in barrel 120, the rotary-recíprocatory action 
aiding in achieving uniform coverage. 
As indicated, preferred rates of reeiprocation are on 

the order of 250~2500 cycles per minute. Higher fre 
quencies can be employed, but if, e.g., 3000 cycles per 
minute is exceeded, the resultant plate is thin and tends 
toward ?akiness. The exact frequency for a speci?c appli 
cation is dependent upon the promoter, the metal being 
plated, and perhaps other factors. Thus, relatively soft 
plating metals like cadmium or lead require less energy 
input than such metals -as Zinc. 

In FIGURE 5 the eccentric gear arrangement is shown 
in cross-section. Eccentric weight 140 and auxiliary 
weight 140a are mounted on one end of shaft 142, while 
on the opposite end are mounted eccentric weight 139 and 
auxiliary weight 13911, together with pulley 138. Shaft 
142 is journaled in bearings 143, mounted in oil-?lled 
housing 150, and provided with oil seals 149. Mounted 
within housing 150 on Shaft 142 is helical gear 141, which 
drives second helical gear 146. Helical gear 146 is in turn 
mounted on Shaft 147 journaled in bearings 148 and pro 
vided with oil seals 149, hearing eccentric weight 144 and 
auxiliary weight 144a on one end and eccentric weight 
145 and auxiliary weight 1-45a on the other end. Shaft 
147 also bears pulley 151, for driving the worm unit 
shown in FIGURE 6. 
FIGURE 6 shows driven pulley 153 mounted on shaft 

154, which is journaled in bearings 155 and has, as its 
central portion, worm con?guration 156. Worm 156 drives 
gear 157, which is directly connected to shaft 160. 

10 

20 

30 

35 

40 

45 

60 

65 

6 
Referring now to FIGURES 7, 8 and 9, it will be noted 

that post-treating unit 200 comprises air heater-circulator 
section 210 and Separator drum 220. Gas burner 213 is 
included in heater-circulator portion 210, fan 211 being 
driven by motor 212 to force air through heater-duct 214, 
which opens into the interior of Separator drum 220. Also 
positioned within the interior of drum 220 is ?uid supply 
pipe 215, having discharge nozzles 216 to aid in washing, 
cleaning, or otherwise treating the contents of drum 220. 
Annular rims 223 and 223a respectívely surround the dis 
charge end and input end of drum 220, and are supported 
by trunnions 224 and 224a. (The rear roller in each pair 
cannot be seen in the drawings.) Mounted axially outward 
of one of the two rims 223 is annular sprocket gear 228 
driven by chaín 227, which in turn is driven by drive gear 
226 mounted on reversible gear head motor 225. 

Referring now to FIGURES 8 and 9, which illustrate 
the speci?c Construction of drum 220, it will be noted 
that the periphery is made up of alternate solid, or im 
perforate, panels 220a and perforate panels 220b. Mounted 
on the radially inner faces of solid panels 220a are pro 
jections 221 and 222, which combine to form interrupted 
screw ?ights. Projections 221 are roughly right triangular 
cross-section truncated pyramids, one right angle-de?n 
ing side of the pyramid lying in an approximately radial 
plane at an angle to the axis and the other right angle 
de?ning side conforming to the inner surface of panel 
220a. It will thus be seen that projections 221 have one 
exposed surface which lies in a radial plane and a hy 
potenuse surface which intersects the inner surface of 
panel 220a along a line parallel to the axis. Projections 
222 are substantially similar in con?guration to projec 
tions 221, with the exception that they are provided at 
the discharge end of drum 220 With scooplike extensions 
222a. The mechanical etfect of the arrangement just 
described is such that when drum 220 is rotated so that 
the hypotenuse face of the projections lead, the drum 
functions as a tumbling and mixing unit. When, however, 
drum 220 is rotated in the opposite direction the contents 
thereof are in eifect screwed to the discharge end of drum 
220, toward which the narrow end of projections 221 and 
222 point, scooplike extensions 222a serving to move the 
contents of drum 220 into discharge chute 250. It will be 
appreciated that the preceding geometric description has 
been somewhat simpli?ed as an aid to Understanding. 
Variations in the exact con?guration of projections 221 
and 222 may be desirable; e.g., the right angle of projec 
t?ons 221 and 222 may slightly exceed 90° to aid in part 
retention during discharge. 

In operation, when a load of plated parts, impact media, 
unused metal particles, and promoter is supplied to drum 
220 and drum 220 then rotated to insure tumbling action 
(i.e., so that the radial plane of projections 221 and 222 
lead), the liquid and relatively small particles fall through 
the perforations in panels 220b, the larger plated objects 
remaining behind in the drum. This separating etfect is 
enhanced and the plated objects rendered cleaner by 
supply?ng steam and/or water through jets 216, shell 230 
serving to prevent spattering and further serving to direct 
the separated material through opening 231, where it is 
collected in pan 260. When the parts have been su?iciently 
cleaned, they are dried with hot air supplied through heat 
?ng duct 214 and discharged through chute 250, as previ 
ously described. If desired, additional ?uid treatments to 
give the parts color, luster, protection against corrosion, 
or the like can be introduced through jets 216. Another 
convenient way to subject parts to a dichromating or other 
liquid treatment is to introduce such a liquid through 
opening 221, allowing it to rise through the perforations 
in drum 220 while shell 230 serves as a container. Thus 
a tank of treating solution may be wheeled to sub-unit 200, 
connected to opening 221 with a hose, raised to let the 
liquid ?ow into drum 220 by gravity, and lowered after 
treatment is complete to let the liquid return to the tank. 
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Although this invention has been described with par 
icular reference to a commercial mechanícal plating 
)peration, it will be readily apparent that numerous varia 
ions may be effccted without deviating from the spirit 
)f the principles taught herein. For example, unit 100 
nay be used in a conventional barrel tumbling operation, 
;arts having rough or corroded surfaces being placed, 
ogether with tumbling media in barrel 120, and the ro~ 
ary-reciprocatory operation carried out in the manner 
lescribed. Similarly, unit 100 can be employed to blend 
?owders, ?nely divided material such as abrasive granules, 
?lurries of various types, and so on. 
Likewise, although unit 200 as shown and described 

s particularly suited for the purposes discussed, it can 
)e readily adapted for other applications. Thus, since it 
arovides a convenient means for both tumbling the con 
ents of drum 220 for a desired length of time and dis 
:harging the contents by simply reversing the direction 
?f rotation, employment of an imperforate container 
nakes this unit suitable for conventional tumbling opera 
?ions. Similarly, it may be employed as a dryer for granu 
ar, lump, or other discrete material. 
What I claim is: 
1. A treating unit adapted for use in the mechanical 

plating of small parts, comprising in combination: a base 
Ërame, a support mounted on said frame, a driving means 
nounted on said support, a leaf spring having one end 
??ixed to said support and the other end cantilevered 
?herefrom, a housing mounted on the cantilevered end of 
;aid spring, a shaft journaled in said housing to permit 
*otary movement, a generally cup-shaped container 
rigidly mounted on the upper end of said shaft, the axis of 
;aid container being in line with the axis of said shaft, a 
rotating means mounted in said housing and connected to 
;aid shaft and said driving means, and a pair of rotatively 
mounted eccentric weights mounted on said housing with 
their axes parallel to each other and at right angles to the 
axis of said shaft, said weights being geared so as to rotate 
in opposite directions and connected to said driving means, 
whereby actuation of said driving means rotates said 
:ontainer and imparts reciprocal axial motion thereto. 

2. A treating unit adapted for use in the mechanical 
plating of small parts, comprising in combination: a base 
Ërame, a support adjustably pivotally mounted on said 
Ërame, a driving means mounted on said support, a leaf 
spring having one end a?ixed to said support and the 
ather end cantilevered therefrom, a housing mounted on 
:he cantilevered end of said spring, a shaft journaled in 
;aid housing to permit rotary movement, a generally cup 
;haped container rigidly mounted on the upper end of 
;aid shaft, the axis of said container being in line with 
:he axis of said shaft, means connected to said support 
:o rotate said support about its pivot to establish the de 
;ired attitude of said container, a rotating means mounted 
,n said housing and connected to said shaft and said driv 
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ing means, and a pair of rotatively mounted eccent?'ic 
'weights mounted on said housing with their aXes parallel 
to each other and at right angles to the axis of said shaft, 
said weights being connected to said driving means and 
geared so as to rotate in opposite directions at substan 
tially the same speed, whereby actuation of said driving 
means rotates said container and imparts reciprocal axial 
motion thereto. 

3. A treating unit adapted for use in the mechanical 
plating of small parts, comprising in combination: a base 
frame, a support adjustably pivotally mounted on said 
frame, a driving means mounted on said support, a leaf 
spring having one end a?ixed to said support and the other 
end cantilevered therefrom, a housing mounted on the 
cantilevered end of said spring, a hollow shaft journaled 
in said housing to permit rotary movement, a generally 
cup-shaped container having lifter bars a?ixed to its inner 
surface, said container being rigidly mounted on the upper 
end of said shaft so that the axis of said container is in line 
with the axis of said shaft, said shaft extendíng below said 
housing and being connected to a ?uid supply source, the 
upper end of said shaft communicating With said con 
tainer, whereby ?uid may be introduced thereinto, means 
connected to said support to rotate said support about its 
pivot to establish the desired attitude of said container, a 
rotating means mounted in said housing and connected to 
said shaft and said driving means, and a pair of rotatively 
mounted eccentric weights mounted on said housing with 
their axes at right angles to the axis of said shaft, said 
weights being connected to said driving means and geared 
so as to rotate at the same speed in opposite directions, 
whereby actuation of said driving means rotates said con 
tainer and imparts reciprocal axial motion thereto. 
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