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This invention appertains to centrifugal sepa 
rators, and more especially, to apparatus for sep 
arating solids from ?uids. 
One of the primary objects of the invention is 

5 to provide a separator of the above mentioned 
type wherein the separation‘ of solids from ?uids 
may be carried out in a continuous process, as. 
distinguished from those» apparatus which re 
quire periodic charging of the mix into the sepa-ev 

'10 rator, requiring that the apparatus be stopped 
from time to time to permit the introduction of 
fresh batches of mix to be introduced into the 
separating chamber. ‘ 
Another object of the invention is to provide an 

' improved device for separating solids from ?uids, 
which device is so constructed as to attain a rela 
tively high e?iciency of separation, whereby the 
solids may be. substantially completely extracted 
from the ?uids, or vice versa, without‘ any mate 
rial waste of the solids. To this end, the inven 
tion contemplates the provision of a rotatable 
hollow shell disposed with its central axis in a 
substantially vertical position, and having pro 
vision for introducing‘ the mix into the same at ' 

r the upper end thereof, and discharge of the solids 
from the lower end, together with v‘screw blades 

. mounted within the shell for rotation in the same 
direction but at a speed slightly less than ‘the 
speed of rotation of the shell, whereby to cause 
the screw blades or worm to slowly feed the solids 
downwardly within the shell as the solids are 
separated from the .?uid, to a point where the 
solids may be discharged at the lower end of the 
shell. 
A still further object of the invention is to pro 

vide in a separator device of the above mentioned 
type, an improved mounting which a?ords a sub 
stantial universal support for the relatively high 
speed centrifugal mechanism, whereby the same 
is- substantially self-centering to minimize the 
likelihood of breakage or damage to the parts due 
to misalignment of the parts or unbalancing of 
the same. In attaining this object, the invention 
contemplates the suspension of the separator 

‘15 shell and screw blades or worm mentioned above, 
from a universal bearing which a?ords a limited 
cushioning movement of the mechanism which is 
suspended therefrom, in all directions laterally 
respecting the vertical axis. 
Other and further objects and advantages of 

the invention will be hereinafter described, and 
the novel features thereof de?ned by the ap 
pended claims. . \ 

‘In the drawings:-— ' 
Figure 1 is a vertical sectional view through a 
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(Cl. 233-7) 
separator device constructed in accordance with 
my invention, certain of the parts being shown in 
elevation; ' 

Figure 2 is a horizontal sectionalview taken 
approximately on the line 2-2 of Figure 1, look- 5 
ing in-the direction of the arrows; ' 
Figure 3 is a detail view, partly in section and 

partly in side elevation, of the inner screw blade 
unit or worm which forms a part of the separator 
instrumentalities; 10 

Figure 4 is a detail view, partly in section and 
partly in elevation, of the outer shell which forms 
the separating chamber in which the screw blades 
or worm of Figure 3 are mounted; and 
Figure 5 is a fragmentary detail view of a sepa 

rator unit, generally similar to that illustrated in 
Figures 1 to 4 inclusive, but illustrating a modified 
type of discharge for the solid materials, which, 
in this case, are adapted to be discharged in ‘an 
axial direction, as distinguished from the lateral 20 
type or discharge illustrated in the other views. 
Like reference characters designate corre 

sponding parts in the several figures of the draw 
ings. 
My‘ improved separator device embodies pri 

marily a motor means, generally designated M, 
differential gears D, and a separator unit, gener 
ally designated S, the latter unit being intercon 
nected with the motorv means M through the 
intermediary of the gearing D in a manner here- 30 

' inafter more particularly described. 
As seen in Figure l, the motor M is preferably 

an electric motor having a power output which 
is su?icient to drive the mechanisms hereinafter 
described at the desired rate of speed, and it'is 
to be understood that the rate of speed of the, 
motor will depend in a measure upon the type 
of’ material which is to be handled by the sepa 
rator. As shown, the motor M is mounted upon . 
a suitable frame'm, which in turn is mounted 
upon a base I. The base I is secured to a sup 
porting platform or table 2 in such a manner as to 
be substantially spaced above the same. To 
this end, I provide a series of tie bolts 3, which 
extend through the base i and table 2 at spaced 
intervals, and in order to maintain the base i 
and the parts carried thereby elevated above the 
table 2, I provide spacers 4, which are nothing 
more than tubular sleeves encircling the tie bolts 
9 and interposed between the lower side of the 5° 
base I and the upper side of the table 2. Also 
encircling the tie bolts 3 at their upper extremi 
ties, and interposed between the heads 5 of the 
bolts and the upper side of the base I, I provide 
resilient cushion members or buffers 6. These 55 
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members 8 may be composed of rubber, and serve 
to permit the base I and the parts carried thereby 
to have a limited cushioned rocking movement 
relatively to the table or platform 2. It is to be 
understood that I do not wish to be limited to the 
precise construction just described, as the same 
may be modi?ed in any desired manner to at 
tain the same results. Secured to the upper side 
of the table or platform 2, as by means of bolts 
1, I provide a central bearing block 8, which has 
formed in its upper end a. partly spherical recess 
or socket 9 for receiving therein a complemen 
tary, partly spherical head III formed at the up 
per end of a hub II. This hub || extends down 
wardly through a central opening |2 in the bear 
ing block 8, and also through a central opening 
l3 in the table 2. As shown in Figure 1, both of 
these openings I2 and I3 are substantially larger 
than the hub || so as to permit the hub to have a 
limited lateral movement responsive to relative 
rocking movement between. the partly spherical 
head In and the bearing block 8. The head I0 
is ?xedly secured to the lower side of the base I 
by means of the bolts H which pass through the 
base | and extend into the upper end of the head 
It), with which the bolts |4 have threaded en 
gagement. The hub H and head “I are provided 
with a continuous axial bore for receiving a drive 
shaft l5 which is freely rotatable therein. Thus 
the parts In and H constitute a bearing for the 
shaft I5. The drive shaft I5 is extended upward 
ly beyond the upper end of the head I3, where 
it is ?xed to the motor- shaft by means of any 
suitable coupling such as the coupling l6. l1 
designates a thrust bearing- which is seated 
in a recess provided therefor in the upper end of 
the head I0, and this thrust bearing is adapted 
to take care of axial thrusts imposed upon the 
shaft IS. The base | is provided with a central 
opening l8 through which the upper end of the 
shaft I5 is adapted to extend so as to enable the 
same to be coupled to the motor shaft through 
means of the coupling l6. v 

The drive shaft I5 is thus directly driven by 
the motor means M, and is extended substantially 
below the table or platform 2, as best seen in Fig 
ure 1. The separator unit S is mounted upon the 
lower end of the drive shaft I5 so that practically 
the entire weight of the separator unit is sus 
tained by the drive shaft IS. 
The separator unit proper is primarily com 

posed of an outer hollow, two-part shell, gener 
ally designated H, and an inner screw blade, or 
blades, generally designated 20, which may be 
termed a worm. The two parts of the shell I! are 
preferably composed of steel castings, the upper 
section 2| tapering upwardly and inwardly, and 
the lower section 22 tapering downwardly and 
inwardly. In other words, the shell sections 2| 
and 22 are frustro-conical in shape, and are dis 
pose'd base-to-base. To facilitate assembly of 
the shell l9, and to permit the shell to'be taken 
apart to afford access to the interior thereof, the 
bases of the upper and lower shell sections 2| and 
22 are ?anged, as at 23 and 24 respectively, these 
?anges being adapted to be disposed in abutting 
relation and secured together by any suitable 
fastening means'such as rivets 25. Instead of 
employing rivets for the purposes just mentioned, 
bolts may be substitutedtherefor, in which case, 
the shell I! may be more quickly assembled or 
taken apart._ The lower end of the lower shell 
section 22 is closed, according to one form of my 
invention, by the imperforate head: or end wall 
26. The upper end“ of the upper shell section 
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2| is partially closed by the upper head or end . 
wall 21. At the center of the upper end of the 
upper shell section 2|, I provide an upwardly ex 
tended spider or hopper 28, which may be formed 
separately and secured to the upper end wall 21, 
as by means of the bolts 29, or formed integrally 
with the upper shell section, whichever is pre 
ferred. The spider or hopper 28 is provided with 
a series of circumferentially spaced intake ports 
30, through which the mixture of liquid and 
solids is adapted to be introduced into the sepa~ 
rator unit S for separation of the solids from 
the liquid. The intake ports 30 are preferably 
inclined with respect to the vertical in order to 
facilitate the passage of the mixture through the 
ports 30 as the same rotate about the axis of the 
separator unit. According to the construction il 
lustrated in the drawings, the intake ports 30 are 
formed by a series of radially disposed circum 
ferentially spaced vanes 3|, and these vanes are 
inclined from their lower edges to their upper 
edges, in the direction of‘ the rotation thereof so 
that as the leading upper edges of the vanes 3| 
come into contact with the mix as it is directed 
into the upper end of the-hopper 28, they will 
serve to impel the mix downwardly through the 
ports 30 and into the separator shell, as should 
be perfectly‘ obviousfrom inspection of Figures 
1, 2 and 4. 
The upper shell section 2| is provided with a 

series of ‘liquid discharge ports 32, arranged in 
circumferentially spaced relation to each other 
about the periphery thereof, and adjacent to the 
upper end of this shell section. To better control 
the discharge of theliquid as it escapes through 
the ports 32, I preferably provide a series of 
radially disposed spouts 33 arranged about the 
periphery of the upper shell section 2| in com 
munication with the discharge ports 32, and con 
stitutin'g extensions of said discharge ports. 
In order to prevent the mix from passing direct 

ly to the discharge ports 32 and spouts 33 after 
the same has been introduced into the separator 
unit, I provide within the upper sh'ell section 2|, a 
depending shield or hood 34 which is generally 
bell-shaped; that is to say, the shield 34 ?ares 
downwardly and outwardly from the lower side of 
the intake ports 30. As best seen in Figure 1, 
the shield 34 may be formed as an integral exten 
sion on the lower end of the spider or hopper 28, 
although it is to be understod that it may be con 
structed separately from the hopper 28 if desired, 
in which case, it will be ?xedly secured in any 
suitable manner to the hopper 28 or the upper 
shell sectionv 2|. The shield is spaced inwardly 
from the inclined side walls of the upper shell 
section 2|, and terminates at its lower extremity 
preferably just above the base of the upper shell 
section, thus' providing an inner chamber or pas 
sage 35 within the shield 34, and, together with 
the upper shell section, an annular chamber 36 
within the upper shell section. 
From the foregoing description, it will be 

understood that the hopper 28, the shield 34 and 
the upper and lower shell sections 2| and 22 re 
spectively, are all rigidly secured together, and 
constitute a unit such as has been illustrated in 
Figure 4, which unit is ?xedly secured to the lower 
extremity of the drive shaft l5, as by means of the 
nut 31, so as to be driven directly by the drive 
shaft |5 at the same speed as this drive shaft is 
operated by the motor means M. 
The screw blade unit or worm 20 is separate 

from the outer shell unit described above, as‘ will 
be best understood from reference to. Figure 3. 
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This unit 28 is composed oi.’ an elongated sleeve 38 
which is adapted to be mounted upon the drive 
shaft l5 in such manner that it is free to rotate 
relatively to said drive shaft. Adjacent to the 
lower extremity of the sleeve 38, I provide upper 
and lower imperforate heads or plates 39 and 48 
respectively, these plates or heads being disc 
like in shape, and the upper plate 39 being sub 
stantially larger than the lower plate 48. Fixedly 
secured to the outer margins of the plates 39 and 
48 are a plurality of straps or bars 4|, these bars 
4| being arranged in circumferentially spaced 
relation to each other, and extending downward 
ly from the upper plate 3.9 to the lower plate 48 g 
at such an angle that they lie substantially par 
allel to the inclined lateral wall of the lower shell 
section 22. Each of the bars 4| carries a plurality 
of angular brackets 42 arranged in spaced rela 
tion one above the other, the brackets being weld- ' 
ed or otherwise ?xedly secured to the outer faces 
of the bars. These brackets 42 serve to support 
the helical blade or blades 43, which are wound 
edgewise about the bars 4|. As illustrated in the 
drawings, the blades 43 are wound as a double 
helix, which is to say, there are two separate 
blades, each of which is preferably continuous 
from top to bottom. y 
extremities of the separate blades should be dis 
placed 180 degrees from each other about the axis 
of the unit 28, as will be best understood from 
reference to Figures 1 and 3. The pitch of the 
blades is such that when the worm unit 28 is ro 
tated in the same direction as the outer shell unit 
I9, at a speed slightly less than the speed of rota 
tion of the outer shell unit, the blades 43 will act '5 
to feed the material which is engaged by the blades 
in a downward direction within the outer shell 
unit. The upper extremities of the blades 43 are 
preferably extended upwardly, as shown at 44 and 
45, so as to provide upwardly extending paddle 
like members at diametrically opposite points at 
the upper end of the worm unit 28. 
As previously mentioned. the sleeve 38 is adapt 

ed to be mounted on the lower end of the drive 
shaft l5. and when so mounted, the worm unit 28 
will be disposed within the lower shell section 22 
of the shell unit I9, as seen in Figure 1. 
The upper head or plate 39 liesslightly spaced 

below the lower extremity of the shield or guard 
34, thereby forming an annular passage 48 be- . 
tween the lower extremity of the shield 34 and the 
plate 39 which permits the materials introduced 
into the hopper 28 and chamber 35‘ to pass out 
wardly therethrough into the annular chamber 
36 where the separation of the solids from the 
liquid primarily takes place. As, will be seen from 
‘Figure 1, the outer edges of the blades 43 which 
comprise the worm, closely engage the inner face 

‘ of the lateral inclined wall of the lower shell sec 
60 

65; 

70 

tion 22 so that when the worm is rotated at a speed _ 
relatively less than the speed of rotation of the 
shell I9. the worm will produce a scraping action, 
preventing any material from adhering to the 
sides of the lower shell section 22'. and positively 
causing the solids to be fed slowly downwardly 
towards the bottom of the lower shell section, 
from which the solids are ultimately discharged 
through the outlet ports 41. The shell engaging 
edges of the blades 43 may be rotated. if desired, 
.at intervals so as to prevent the ?uid-from being 
trapped between the blades and retained in the 
separator when operation thereof is discontinued. 
The worm unit 28 is adapted tobe drivenlby 

the drive shaft i5 through.the intermediary of 
a differential gear mechanism D which will now 

In such a case, the upper ' 

3 
be described. As seen in Figure 1, the upper ex 
tremity of the sleeve 38 terminates below the 
lower extremity of the hub H, and intermediate 
these parts there is provided a carrier plate 48, 
which is ?xedly secured in vany suitable manner 
to the drive shaft 15 for rotation therewith. The 
carrier plate 48 carries at diametrically opposite 
sides of its axis the planetary gears 49 and 58. 
Each pair of gears 49, 58 is ?xed on a common 
shaft 5| which is rotatably mounted in the car 
rier plate 48. The gears 49 are disposed at the 
upper side of the plate 48, and the gears 58 are 
disposed at the lower side of the .plate 48. Fix 
edly secured to the lower extremity of the hub 
II, is a pinion 52, the teeth of which mesh with 
the teeth of the upper planetary gears 49. _ The 
‘lower planetary gears 58 mesh with a pinion 53 
which is ?xedly secured to the upper end of the 
sleeve 38. Thus when the drive shaft I 5 is _ro 
tated, it causes the carrier plate 48 to rotate 
with it, and the rotation of the carrier plate 48 
moves the gears 49 around the ?xed pinion 52 
with a planetary motion, thereby causing the 
shafts 5| to rotate and transmit power to the 
lower planetary gears 58, which in turn transmit 
power to the pinion 53 to impart rotation’ to the 
sleeve 38. The sizes of the various gears and 
pinions and their number of teeth will be deter 
mined by the speed of the motor M and the rela 
tive difference in speed desired between the shell 
l9 and worm 28 of the separator unit S. I have 
found that a motor speed of 1280 R. P. M. and a 
worm speed of approximately 980 R. P. M. are 
satisfactory under ordinary conditions of use and 
afford e?icient separation of the solids from the 
liquid in the average mixture. In such a case, 
the pinion 52 will have twenty-four teeth, the 
gears 49 forty teeth, the gears 58 ?fteen teeth 
and the pinion 53 forty-nine teeth. It is to ‘be 
understood, however, that I do not wish to be 
limited to these precise gear ratios and speeds, 
as the same may be varied, to accord with the 
type of mixture which is to be handled by the 
separator. ' 

The differential gear mechanism D is prefer 
ably enclosed in a housing 54, and this, housing 
54 is removably secured by means of bolts 55 
to a supporting yoke or hanger 5B which is ?x 
edly secured to the hub II. The housing 54 is 
adapted to contain a suitable lubricant for lubri 
cating the gear unit, and to prevent the lubri 
cant from leaking out around the sleeve 38 at 
the bottom of the housing, I preferably provide 
a stu?lng box, generally designated 51. 58 des 
ignates a splash plate or guard which extends at 
least partially over the gear unit at the upper 
end of the‘ housing to prevent the lubricant in 
the housing from being thrown upwardly out of 
the, housing during the operation of the gear 
mechanism. 1 

The operation of the separator apparatus may 
be brie?y summarized as follows: The mixture 
of ?uid and solids is led from a suitable source, 
such as a'vat or tank T, through a conduit 59 
having a control valve V therein to control the 
rate of flow of the mixture to theseparator unit 
S, the discharge end 68 of the conduit being-dis 
posed over the hopper 28 at the upper end of the 
separator unit. The separator unit S is pref 
erably started up and brought up to operating 
speed before the control valve V is opened to 
allow the mixture to pass into the hopper. When 
the mixture enters the hopper 28, it passes down 
wardly through the intake' ports 38 and into the 
chamber 35 within the downwardly and outward 
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ly ?aring guard or shield 34, where it spreads 
outwardly away from the axis of the separator 
unit under the centrifugal action. The mixture 
continues through the inner chamber 35 and 
escapes outwardly through the annular passage 
46 between the lower extremity of the shield 34 
and the upper head or plate 39 of the worm unit 
20, and enters the. space 36 between the shield 
34 and the outer shell l9. Inthis space, the sep 
aration of the solids from the liquid takes place, 
and the liquid rises in the chamber 36 and passes 
outwardly from the shell through the ports 32 
and spouts 33, the solidspassing downwardly 
into engagement with the blades 43 which are 
rotating in the same direction as the shell, but 
at a slightly lower speed. The blades 43 grad 
ually and slowly feed the solids downwardly in 
the lower shell section 22, from the lower end of 
which they are ultimately discharged through 
the outlets 41 into a suitable container or recep 
tacle R, where they may be collected for suitable 
disposition of the same. As the separation takes 
place in the space 36, the paddle-like extremities 
44 and 45 of the blades 43 slowly stir the mix 
ture and facilitate the complete separation of the 
solids from the liquid. 
In order to conveniently dispose of the ?uids 

which are thrown off during the separating ac 
tion above described, I preferably provide a col 
lecting pan or tray, generally designated 6|, this 

‘ pan being composed of annularly arranged inner 
and outer walls 62 and 63 respectively, which are 
interconnected at their lower ends by a bottom 
wall 64, forming a trough 65 of suitable depth. 
As the liquid collects in this trough 65, it drains 
through an outlet 66 which may be extended to 
any desired point for disposal of the fluid. The 
inner and outer walls 62 and 63 are spaced from 
the separator unit S so as not to interfere with 
the rotation thereof, and as illustrated in Figure 
1. the walls 62 and 63 are inclined so as to be 

_. disposed substantially parallel with the outer 
peripheral wall of the upper shell section 2|. 

' The outer wall 63 of the ?uid collecting tray or 
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pan is extended upwardly to a point above the 
?uid outlet spouts 33 so as to de?ect the ?uid 
downwardly into the trough 65 as the same" is 
thrown out of the spouts by the rapid rotary mo 
tion of the separator shell. 
Due to the provision of the universal bearing 

a?orded by the parts 8 and ill, previously de 
scribed, which bearing parts serve to support 
the weight ofthe entire apparatus, any inadvert 
ent or accidental unbalancing of the apparatus 
during operation will be accommodated by the 
self-centering action of the bearing parts. Any 
vibrations due to an unbalanced condition will 
be absorbed or yieldably cushioned by reason of 
the provision of the resilient cushion members 
6 previously described. 
To prevent the partly spherical head Ill from 

rotating in the socket 9 of the bearing block 8, 
during rotation of the drive shaft I5, there is 
provided a recess 66 in the bearing block 8 at 
the upper end thereof which is adapted to re 
ceive therein a laterally projecting stud or pin 
61 which is ?xed to one side of the head “I. 
The recess 66 is su?iciently large to allow a 
limited amount of play for the pin or stud 61, 
having in mind that the head I0 is intended to be 
movable relatively to the bearing member 8 to 
carry out its self-centering function. 
The ?uid collecting pan or tray 6| may be 

?xedly mounted in any suitable manner so that 
it will be held stationary. 68 designates suspen 
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sion brackets or hangers by means of which the 
tray 6| may be secured to the table or platform 
2 to support the tray at the proper elevation 
respecting the ?uid discharge spouts 33. 

Referring to Figure 5, I have shown a slightly 
modi?ed form of shell for the separator unit S, 
which is adapted to effect an axial discharge of 
the solids from the bottom of the separator unit, 
as distinguished from the radial discharge re 
sulting from the'provision of the discharge ports 
41 as arranged in Figures 1 and 4. In this modi 
?ed construction, the lower shell section 22' is 
provided at its lower end with a perforate spider 
26', affording downwardly opening discharge 
outlets 41’ disposed at circumferentially spaced 
intervals about the axis of the separator. If de 
sired, the spider 26' may be provided with a series 
of radially disposed vanes 69 which are inclined 
in a manner similar to the vanes 3| within the 
hopper 28. In other words, the spider 26' may 
be of a construction which is generally similar 
to the upper hopper 28 with the inclined vanes 
69 serving .to facilitatethe discharge of the solids 
through the bottom of the separator shell. 
While the speci?c details have been herein 

shown and described, the invention is not con 
?ned thereto, as changes and alterations may be 
made without departing from the spirit thereof, 
as de?ned by the appended claims. 
Having thus described my invention, what I 

claim as new and desire to secure by Letters Pat 
ent is- ' 

1. A centrifugal separator of the class de 
scribed, comprising a shell composed of two sec 
tions of generally frustro-conical con?guration 
‘secured base-to-base, a downwardly outwardly 
?aring annular shield disposed within the upper 
shell section in spaced relation to the peripheral 
wall thereof, said upper shell section being pro 
vided with a central intake'hopper at its upper 
end opening into the space within the shield 
aforesaid, and also provided with a plurality of 
?uid outlet ports in its peripheral wall adjacent 
to the upper end thereof and communicating di 
rectly with the annular space between the pe 
ripheral wall of the upper shell, and the shield, 
said shield extending downwardly within the 
upper shell at least a substantial distance below 
the ?uid outlet ports, a helical screw blade co 
axially mounted within the lower shell section 
and arranged to contact the peripheral wall 
thereof, said screw bla/de‘being secured to a plu 
rality of inclined bars arranged in circumfer 
entially spaced relation to each other, and the 
bars being secured to the outer margins of a 
pair of axially spaced imperforate disc-like heads, 
one of which heads is disposed in a position 
spaced slightly below the lower extremity of 
the shield aforesaid to provide an annular pass 
age therebetween, said lower shell section hav 
ing a discharge opening at its lower extremity 
through which solid materials are adapted to be 
discharged, and means for rotating the shell 
aforesaid and screw blade in the same direction 
about their common axis but at relatively differ; 
ent speeds, whereby to cause the ?uid of a mix 
ture of ?uid and solid matter to be separated and 
discharged through the aforementioned outlet 
ports, and the solid matter to be positively fed 
by the screw blade to the lower discharge open 
ing through which it is adapted to be discharged 
when the mixture is introduced into the shell 
through the hopper aforesaid. and subjected to 
the centrifugal force produced by the rotatable 
parts. 
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2. In a centrifugal separator of the class de 

scribed, including coacting rotary parts coaxially 
arranged for rotation in the same direction but 
at relatively different speeds about a common 
vertical axis, and means for admitting a mixture 
thereto and for separately discharging therefrom 
the ?uid and solid portions of said mixture re 
sponsive to the centrifugal action of said parts 
thereon, driving means for said rotary parts com 
prising a vertically disposed drive shaft oper 
atively connected to one of said parts and serv 
ing to suspend the same at the lower end there 
of , a sleeve rotatably mounted on said drive shaft 
and operatively connected thereto and to the 
other of said rotary parts so as to produce differ 
ential rotation thereof, and a self-centering sup 
port for said_ drive shaft, the latter including a 
?xed part having a partly spherical socket formed 
in its upper side, a hub embracing the upper end 
of said drive shaft and extending through said 
?xed part and having a partly spherical head 
provided at its upper end, which head is adapted 
to be seated in the socket aforesaid, and coacting 
abutment means extending between the head and 
the spherical socket aforesaid for positively re 
straining said head against rotary movement 
within the socket relative to the axis thereof, but 
permitting axial rocking movement of the head 
in the socket. 

3. Apparatus as claimed in claim 2, in com 
bination with motor means mounted upon the 
upper end of said‘head so- as to be supported 
thereby and operatively connected with the drive 

5 
shaft, and means disposed intermediate the motor 
means and ?xed part aforesaid for yieldably 
cushioning the rocking movement of said motor 
means responsive to axial rocking movement of 
the supporting head. 

4. Apparatus as claimed in claim 2, in com-. 
bination with motor means mounted upon the 
upper end of said head so as to be supported 
thereby and operatively connected with the drive 
shaft, and means disposed intermediate the motor 
means and ?xed part aforesaid and arranged in 
substantially radially spaced relation to the axis 
of the supporting head for yieldably cushioning 
the rocking movement of said motor means re 
sponsive to axial rocking movement of the sup 
porting head. 

5. Apparatus as claimed in claim 2, in com 
bination with motor means mounted upon the 
upper end of said head so as to be supported 
thereby and operatively connected with the drive 
shaft, and means disposed intermediate the 
motor means and ?xed part aforesaid and ar 
ranged in substantially radially spaced relation to 
the axis of the supporting head for yieldably 
cushioning the rocking movement of said motor 
means responsive tov axial rocking movement of 
the supporting head, said last named means com 
prising a plurality of vertically disposed tie bolts, 
and each of said tie bolts having a resilient buffer 
mounted on the end of the same intermediate its 
head and the motor means. 

ANTHONY DE MA'I‘TIA. 
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