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1,693,940

PATENT OFFICE.

SAMUEL DAVIS ROBINS, OF WOODMERE, NEW YORK, ASSIGNOR TO ROBINS CONVEY-
ING BELT COMPANY, OF PASSAIC, NEW JERSEY, A CORPORATION OF NEW JERSEY,

SCREENING APPABATUS. -

Application filed April 12,

This invention relates to vibratory screens,
such as are used for screening coke, crushed
stone, ore, sand, gravel, etc., having especial
reference to that class of screens wherein a
rigid screening element of substantial weight
is given a circular motion, or gyration, in
planes at right angles to the plane of the
screen surface, L

" As is recognized in the screening art the
effective gyratory motion of the screening ele-

- ment is variable in accordance with the char-
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acter of the material that is being treated;
that is to say, for fine screening a motion or
vibration of small amplitude and high fre-
quency is employed, whereas for coarse
screening, (in which the screen openings are,
say, an inch or more in diameter), a motion
of relatively large amplitude and low fre-.
quency is used. In the screens of the prior
art the construction and operation. of the:
mechanism for actuating the heavy screening
clement is such that the movement of said
element tends to set up unbalanced impulses
that are transmitted to the supporting struc-
ture with destructive results. Even when the
frequency of vibration of the screen is refa-
tively low the floor spans and bracing com-
monly used in the structure have free periods
of vibration in consonance with the vibration
of the screen, ) o
The principal object of my invention is to
overcome the objections mentioned in & screen
of the class referred to, by the provision of
simple and efficient screen operating mecha-.

5 nism, including eccentric and spring connec-

tions which are co-operatively related to ef-
fect and maintain the dynamic balancing of
the apparatus under all working conditions.
Another object of the invention is‘the pro-
vision of means whereby the angle of the
screen surface can be readily and quickly ad-
justed while the screen is in operation, and
this without impairing the balance of the ap-
paratus. ; .
With these and other objects in view my in-
vention comprises novel features of construc-
tion and principles of operation which, in a
preferred embodiment of the invention, will
be hereinafter described, and the scope of the
invention then be defined in the appended
claims. EE L
Ip the drawings—
Figure 1 is a side elevation of a screen em-
bodying the preferred form of my invention.

1927. Serial No. 183048,

Fig, 2 is an end elevation of the appa-
ratus. ' - ' :
. Fig. 3is a transverse vertical section, partly
in elevation, of the apparatus, the section
IF)‘e.mg taken on the irregular line 3—3 of
1g. 1. . ‘ -
Fig. 4 is a perspective view of supporting
springs for the live screen frame and the ad-
Justablexmounting structure for the springs.
Fig. éﬁ‘s a similar view of the stationary
base frame, ' ‘ '
Fig. 6 is a transverse vertical section

through the drive shaft and one of the coun-.

terweighted fly wheels and adjuncts, as on
the line 6—6 of Fig. 3.

Fig. 7 is a perspective view of ‘one of the
clamps for securing the live screen frame to
the gyratory carrier shaft. ' :

Figs. 8 to 13, inclusive, are stress diagrams

hereinafter considered.

Referring to the drawings, 10' designates
a substantial base frame mounted on suitable
supports (not shown), which frame, in a
simple and efficient form, consists of two
spaced-apart flanged uprights 11 connected

by cross-braces 12 of angle iron to provide .

a rigid structure. Bolted to the uprights are
bearings 13, preferably of the self-aligning
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roller type, in which are journaled the ends

of a shaft 14 that is adupted to be driven
from a suitable source of power. .Keyed on

the shaft, adjacent the respective bearings

13, are fly wheels 15 having appropriate coun- -

terweights 16, each wheel being - preferabl;

made in two parts, namely a hub portion 1
and an outer portion including the rim 18.
The hub is bored to receive the adjacent end

of -the shaft 14, concentrically with the rim -

of the fly wheel, and an eccentric annular
recess 19 is formed between the hub and the
rim. In this recess is mounted, for turning
adjustment, a bushing 20 having an eccentric
bore, the eccentricity whereof is the same as
that of the recess 19 with relaticn to the con-
centric hub and rim of the fly wheel.  Conse-
quently by properly turning the bushing
within the recess 19 the eccentricity of the
bore of the bushing with relation to the drive
shaft may be varied from zero to a value equal
to the eccentricity of the recess plus that of

“'the bushing. A suitably-disposed screw 21

in the wall of the recess engages the bushing

and secures it in any desired position of ad-.

justment.
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Within the eccentric bore of the bushing is
seated the outer race of a ball or roller bear-
ing 22, the inner race of which is seated upon
the adjacent end of a hollow c¢ylindrical shaft
93 which surrounds the drive shaft. - (See
Figs. 3 and 6.) Hence the rotation of the
drive shaft, with its fly wheels, causes the
hollow shaft to travel in an eccentric path
about the axis of rotation of the drive shaft,
that is to say, the hollow shaft receives a
gyratory motion in planes at right angles to
the axis of the drive shaft. If desired a
plain bushing may-be used instead of the ball
or roller bearing 92 referred to.

The counterweight 16 of each  of the fly
wheels is preferably bolted to the web of
the wheel in the space between the rim and

.

‘the hub, said weight comprising a number

of separate pieces which may be secured in
various positions to meet balance require:

" ments with different eccentric adjustments

25

of the bearing in the fly wheel.

Grease seals'24, which encircle the hollow
shaft, are fastened to and may turn with
the eccentric bushings 20. These seals pre-

. vent the escape of lubricant, from and the en- -
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. Both the two upper side plates 27 and ‘the
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trance of dirt to the bearings. . _
An inclined screening element is opera-
tively connecfed, midway between its ends,
to the hollow shaft 28 so as to receive uni-
form gyratory motion therefrom, as will be
hereinafter described, such shaft thus con-
stituting in effect a carrier for the screening
element. This screening element, in the form
illustrated, comprises a rectangular. live
frame with tensioned screen cloths therein.
In the present instance the live frame is com-
posed of two sections, one superposed on the
other, fastened together by bolts 25, which
sections are provided with spaced-apart
screening cloths 26. The upper section is
composed of two side plates 27 having on
their inner surfaces longitudinally extending
reinforcing angle bars 28. The lower sec-
tion is composed of two side plates 29, pref-
erably in the form of structural channels.

two lower side plates 29 are rigidly connected
at intervals :by .a number of angle bars 30,

‘each of which has affixed thereto a vertical

plate 81 with an upwardly curving upper
edge, the purpose of which edge is to ele-
vate the tenter of the adjacent screen cloth

in order to prevent “whipping”. Tension of

the screen “cloths is maintained, and they

are kept in contact with the upwardly curv-

ing edges of the plates, by means of laterally-
disposed grips 32 which engage the margins
of the cloths. Screws 33-extend through .
shitably-disposed apertures in the side plates

- 27, 29 of the live frame and engage the ad-

jacent cloth grips, and. hence as the nuts
34 on the screws are tightened the associated

grips are drawn toward the side plates and
efficient tensioning of the cloth is. effected.

- 1,608,940

. As screéning cloths weat out more quickly
at the feeding end of the screen, I prefer-
ably make each of the screen cloths in two

sections of unequal length, with the shorter

section, a, at the high or feeding end of

the screen overlapping the longer section, b,

thus permitting the section at the feeding
end to be readily removed and replaced when

“worn, without disturbing or discarding the

longer portion of the cloth which is still use-
ful. (See Fig. 2.) -

The upper side plates 27 of the live frame
have formed therein, midway between the
ends of the structure, openings 35 through
which the hollow shaft 23 extends. .This
shaft is firmly fastened to the live frame by
means, for example, of eomplemental clamp
sections 86 (Fig. 7) which tightly embrace
the hollow shaft and ‘are bolted to the ad-
jacent side plates. Therefore the gyratory
motion of the hollow shaft is positively. im-
parted to the live frame and all points of
the latter are given a true circular motion in
paths lying in planes at right angles to the
drive shaft; and, since the actuating center
of the shaft coincides with the center of
gravity of the frame, the inertia of the lat-

the actuating center; it being obvious that
if the actuating center were away from the

70
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“ter as a whole does not set up moments about

95

center of gravity of the screening élement, .

such moments would be set up and would

all points of the live frame. Such a motion
of this frame, being a ¢ompound motion, is
impossible to counterbalance effectually,
with the result that the escaping vibrations

‘influence the paths of motion described by .

100

would be disastrously transmitted to the sup- -

porting structure. - .

It is to be understood that the counter-
weights 16 of the fly wheels 18 are located,
with relation to the axis of the drive shaft

108

14, diametrically opposite the central axis~

of the eccentrically journaled hollow shaft
23, and that the respective distances of the
centers of gravity of the counterweights from

moments of the counterweights about the
drive shaft axis are equal to the moment of
the live frame about the same axis, Conse-
quently a dynamic balance is effected at
any speed at which the shaft 14 is'driven.
As simple and efficient means to relieve the
eccentric bearings for the hollow shaft of
a large part of their maximum stress dur-
ing the gyratory motion of said shaft, and at
the same time to facilitate the angular ad-
justment: of the_live frame with respect to
ntal, as- the screening operation

‘may at’any time require, and also to ensure

the fixed angular position of the frame un-
der actual working conditions, irrespective
of the-tendency of the hollow shaft to ro-
tate the live frame in the direction of move-
ment of the drive shaft or the tendency of

10

"the axis of the drive shaft are such that the .
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unequal ldading of material on the screen-.

ing surface to set up moments tending to turn

the frame in one direction or the other about

the drive shaft, spring supporting and con-
troling mechanism is arranged in co-opera-
tive relation to the live frame and the actuat-
ing devices therefor, which mechanism in its

‘preferred form is as follows:

. Supported by and.between the uprights of
the base frame 1s a pendant frame comprising

two suitably-spaced hanger plates 37 rigid-

ly connected by parallel angle bars 38. In the
present instance the hanger plates are pivot-
ed at their upper ends to the adjacent up-
rights 11 by means of bolts 39, and the lower
ends of such plates are secured to the up-
rights by bolts 40 which extend from the

- plates through suitably located arcuate slots

41 in the uprights. - Hence by loosening the
nuts 42 of the bolts 40, the pendant frame can

be laterally adjusted within limits to vary

its angularity in respect to the vertical, and
then by tightening the nuts the said frame can
be effectually secured in any desired position
of adjustment. To facilitate the operation
of adjustment, a shaft 43 is journaled in suit-

able holes in the hanger plaies, the ends of’

which shaft extend through arcuate slots 44

in the respective plates. The shaft 43 has

keyed thereon, between the hanger plates and
the respective uprights 11, pinions 45 in mesh
with arcuate racks 46 which are integral with

ror secured to -the said uprights; and the

shaft has also keyed .thereon, at its outer

ends, suitable actuating devices, as, for exam- -
ple, hand cranks 47, whereby the shaft 43 .

may be turned from either side-of the appa-
ratus, thus through the intermeshing action
of the pinions and the racks effecting the
desired adjustment of the pendant frame,
and this while the screening apparatus is

On the cross-bars .88 of the adjustable

- pendant frame, adjacent the respective side

45
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members of the latter, are supported two

springs 48 which, in the present.instance, are-
of the leaf type. These springs are securely

clamped in their mid sections between hori-
zonta] plates 49 by suitable bolts 50, which
bolts also serve to hold the springs securely
to bed plates 51 that are, in turn, affixed, as

by rivets, to the cross-bars 38. (See Fig. 4.)

e
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The respective ends of each spring 48 are’

flexibly connected by means of parallel links
52 to brackets 53 on the lower section of the

live frame, one link preferably depending-

and the other link upstanding, as shown, to
accommodate the inclination of the live

frame. As thus mounted and connected to

the live frame, the springs simultaneously ex-

ert an wpward resilient action against the’

frame in paths equally spaced from the re-
spective sides of the actuating shaft. (See
Fig..1.) o ’

From the foregoing described construction

it' will be seen-that the live frame and its
associated spring supports are adjusted as a
unit; coincident with the adjustments of the:
penéant. frame previously explained, and
therefore the springs resiliently maintain the

. live frame in any angular position of adjust-
~ment of the latter, and this without impair-
* ing the resilient effect of the respective ends

of the spring on the live frame. ,

The Joading of the -eccentric bearings of
the actuating mechanism of screens of the
class to which my invention relates is main-
ly radial loading. The amount of the radial
load is the resultant of two forces, one be-
ing the dead weight downward, viz a uniform
force active in one direction, and the other ho-

'3
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ing the centrifugal force set up by the gyrat- -
ing live frame, viz a force of uniform mag- -

nitude, but changing in direction. The re-

-sultant of these two forces is a force chang-

ing both in direction and magnitude. By
employing the springs acting upwardly
against. the live frame as aforesaid, the re-
sultant force indicated is greatly reduced
and in consequence the eccentric bearings
and also the stationary bearings for the drive
shaft are relieved of a large part of their.
maximum stress.

The upwardly acting spring force is a. va- -

riable one, the magnitude of which changes
with each position of the eccentric, that is
to say, the maximum is at the bottom of the’
stroke when the springs are most deflected
and the minimum is at the top of the stroke
when the springs are least deflected. g

By reference to the diagrams, Figs. 8 to 18,
inclusive, it will be seen that in a gyratory

90
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screening apparatus embodying my inven- -

tion, the stresses on the eccentric bearings’

22 and on the main bearings 13 are reduced
to a minimum, and that all forces are counter-
acted within the stationary base frame 10 to

105

the exclusion of escaping impulses into the '

supporting structure. o
In Fig. 8 are plotted the static forces, (W,

S) for eight positions of the eccentric 45 de--
The arrows pointing upward -

grees ‘apart.

110

are the vector values of the varying spring

force (S) while those pointing downward
represent the constant force of gravity (W)

.which 'is equal to the total -weight of the live

frame
wheels. o _

In Fig. 9 are plotted the static resultants, it
being noted that .the static forces are verti-
cal because the horizontal leaf springs pro-
duce only vertical reactions.. Should thé an--

pius the weight of the shaft and fly

gle of the screen be changed, the force dia- -

gram will be changed accordingly, but, for
the sake of illustration, only the horizontal
sefting of the springs need be considered.

The gyration of the live frame sets up a
centrifugal force (C) which has a constant
value for a given eccentricity at any speed.
This force is indicated in the diagram Fig.



. amount of eccentricity must be sufficient to
invention

v

10, as a radial.forée, constant in magﬁittid(s,
but changing in direction at the rotational
speed of the shaft, which speed for a given

set up enough centrifugal force to throw the
material off the screen surface at each revo-

 lution. To fulfil this condition the centrifu-

10

gal force must slightly exceed the accelera-

tive force of gravity. e
The diagram, Fig. 11, indicates the.com-

bined resultants of the static and- kinetic

~ forees acting upon the eccentric bearings for

15

the eight different positions of the eccentric.

Fig. 12 is a polar diagram of the same re-
sultant, and Fig. 13 is a similar diagram of
the saine system of forces if the spring ele-
ment be omitted. A comparison of these two.
diagrams shows that approxiniately 40% of

'~ the maximum bearing stress has been elimi-

20

5 of the live frame.

nated from the eccentric bearings bythe pro-
vision of the spring element.

There are no kinetic forces acting on the -

main bearings 13 since the flywheel counter-
weights aré designed to balance the weight
Thus the centrifugal foree
acting upon the counterweights at all speeds
is equal in magnitude and opposite in direc-

- tion to the centrifugal force acting upon the

30

35

Iivq frame. Hence the introduction of the
springs does not-effect' the maximum main

bearing stress but serves to set up in the main
" tive sides of the shaft whereby the downward -

bearings a fluctuating stress varying from
zero to W with each revolution of the drive
shaft. The main bearings, then, are free
from all except static forces, which are indi-
cated as combined in Fig. 9. :

Since the main bearings are free from ki-

. netic stresses as above mentioned, they trans-

. mit-only static stresses to the base frame, the -

40

fluctuating downward force thus transmitted

_ being indicated in Fig. 9. .

The tension in the hanger plates 37 which

~ carry the springs 48, is a fluctuating stress,

. being

45

55

o5

eatest at the bottom of the stroke,
when the springs are under greatest compres-

~ sion, and least at thie top of the stroke when

the springs are under least compression. .
Tt will'be noted from Fig. 9 that the down-

“ward force transmitted by the main bearings

is least at the bottom of the stroke and great-

_est at the top. Thus the fluctuating tension

in the hanger plates is 180 degrees out of
hase with the fluctuating downward forces

1n the main bearings; with the result that the -

base frame transmits only a uniform down-
ward force to its supports. o
From the foregoing it will be seen that
(1) the resultant stresses are reduced about
40%; (2) the centrifugal stresses are bal-

. anced by the counterweights and are confined
to the eccentric bearings, and (3) the base.

frame receives two-series of counteracting
stresses, thus precluding the escape of vibra-
tions into the supporting structure for the
apparatus. '

R
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Itis to ’be'undérstbod that _my»inventif)n'is
not limited to the particular construction

‘herein disclosed, as the same may be vari-

ously modified within the principle of the

and ‘the scope of the appended
claims. - — .
I claim— o .

. 1. A screening apparatus comprising a
screen frame, a drive shaft substantially co-.

incident with the center of gravity of the

-said frame, stationary bearings for said shaft,

{0

connections between said shaft and frame

whereby the frame is positively gyrated in
circular paths lying in planes at right angles

“to the drive shaft, and resilient equalizing

means simultaneously acting in the same di-

rection upon said frame beyond the respec--
- tive sides of the shaft and operative to main-

tain the said frame constantly in correct

screening position while permitting its posi- .-
e t

tive gyration.. :

screen frame, a drive shaft substantially co-
incident with the center of gravity of the said

2. A screening apparatus comprising a

38

frame, stationary bearings for said shaft,

connections between said -shaft iand frame

_whereby the frame is positively gyrated in

‘circular paths lying in plenes at right angles
to the drive shaft, and resilient means co-
acting with said frame to exert upward force
thereon simultaneously beyond the respec-

Joad upon the said drive shaft bearing is re-
lieved and at the same time the said frame is

constantly maintained in correct screening :

position while permitting its positive gyra-
tion. - o o S
3. In a screening apparatus, a screen frame

including a taut screening surface, actuating -

means substantially coincident with the cen-
ter of gravity of the frame and operative
positively to gyrate the frame in' circular
aths, said means including a drive shaft,
stationary bearings therefor, and a member

fixedly connected to the central portion of :

the frame, and spring means arranged $ym-
metrically about the actuating means ‘and
operative- to exert simultanepus -resilient
pressure in the same direction on the frame,

-whereby the said frame is constantly main-

tained ‘In correct screening position:-while
permitting its positive gyration by the said
actuating means. '

LG&

115

4. In a'screening apparatus, a screen frame-

including a taut screening surface, a drive
shaft substantially coincident with the center

of gravity of the said frame, stationary con- -

.centric’ bearings. for said shaft, . eccentric

bearings on said shaft, a member mounted in.

said eccentric beatings and fixed to the said
frame, whereby the said frame is positively
gyrated in circular paths lying in planes at
Tight angles to the drive shaft, and sprin,
means exerting upward thrust on the sai

frame simultaneously beyond the respective

‘120
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sides of the shaft to relieve the said concen--

tric and eccentric bearings of the load caused
by the weight of said frame and to maintain
the said frame constantly in correct screen-
Ing position during its positive gyration.

5. A screening apparatus comprising a
screen frame, a drive shaft substantially co-
incident with the center of gravity of the said
frame, stationary bearings for said shaft,
means, including an eccentric on the drive

shaft and a connecting member between said -

eccentric and the frame, whereby the said
frame is positively gyrated in circular paths
lying in planes at right angles to the drive
shaft, means rotatable with said shaft and
adapted and arranged to counterbalance the
screen frame, and resilient equalizing means
simultaneously acting in the same direction
ugon said frame beyond the respective sides
of the shaft and operative to maintain the
said frame constantly in correct screening
position during its positive gyration.

6. A screening apparatus comprising a’sta-
tionary base, a screen frame including a taut
screening surface, a drive shaft journaled on

-the base frame close to the center of gravity of

the screen frame, means,includinganeccentric
on the drive shaft anda connectingmemberbe-
tween said eccentric and the central portion of
the screen frame, whereby the said screen
frame is gyrated at all points in circular paths
lying in planes at right angles to the axis of

the drive shaft, counterweights carried by -

the drive shaft and rotating therewith to

produce dynamic balance, and resilient
-equalizing means interposed between the said

screen- frame and the stationary base frame
and simultaneously acting in the same direc-

* tion upon said frame beyond the respective

sides of the shaft to maintain the said screen
frame in correct screening position while per-
mitting its positive gyration.

.

7. A screening apparatus compmsing a

screen frame, a-drive shaft having its axis
substantially coincident with the center of

. gravity of said frame, stationary bearings for

60

[}
[5]
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85

said shaft, annular bearings eccentric to and

carried by said shaft, a hollow shaft freely,

encircling said drive shaft and supported in
said annular bearings, said hollow shaft

-carrying the screen frame, whereby during

the rotation of the drive shaft the said hollow
shaft and frame are positively gyrated in cir-
cular paths lying in plarnes at right angles to
the drive shaft, and resilient equalizing
means simultaneously acting in the same di-
rection upon said frame beyond the respec-

tive sides of the shaft and operative to main- .

tain the said frame constantly in correet
screening position during its positive gyra-
tion. ‘

8. A screening apparatus comprising a
screen frame, a drive shaft having its axis
substantially coincident with the center of
gravity of said frame, stationary bearings for

said shaft, adjustable annular bearings ecceri-
tric to and carried by said shaft, means for
securing said annular bearings in predeter-
mined positions of eccentric adjustment, a
hollow ' shaft freely encircling said drive
shaft and supported in said annular bear-
ings, said hollow shaft carrying the screen
frame, whereby during the rotation of the
drive shaft the said hollow shaft and frame
are positively gyrated in circular paths lying

5

70

75

in planes at right angles to the drive shaft, -

ly acting in the same direction upon said
frame beyond the respective sides of the shaft
and operative to maintain the said frame con-

.and resilient equalizing means simultaneous- -

80

stantly in correct screening position during -

its positive gyration..

9. A screening apparatus comprising a -
screen frame, a drive shaft having its axis

substantially coincident with the center of .

gravity of said frame, stationary bearings
for said shaft, counterweighted fly wheels on
said shaft having annular bearings therein
eccentric to the axis of the shaft, a hollow
shaft freely encircling the drive shaft and
seated in said annular bearings, said hollow
shaft carrying the screen frame, -whereby
during the rotation of the drive shaft the said

hollow shaft and frame are positively gy-

rated in circular paths lying in planes at right
angies to the drive shaft, and resilient equal-
izing means simultaneously acting in the
same direction upon said frame beyond the

85

90

95

respective sides of the shaft and operative to -

maintain-the said frame constantly in correct
screening position during its positive gyra-
tion. '

screen frame, a gyratory carrier- element
therefor, a drive shaft having its axis substan-
tially coincident with the center of gravity of
said frame, stationary bearings for said shaft,
means operated by said shaft-to gyrate the
said carrier element and frame in circular

- paths-lying in planes at right angles to the

drive shaft, and leaf springs supported ad-
jacent to and longitudinally of the frame, the

100

10. A screening apparatus comprising a -

105

110

ends of said springs being connected to the

frame at points spaced from the respective .

sides of the drive shaft and simultaneously
acting in the same direction upon said frame

“to maintain the frame-constantly in correct

screening position during its-positive gyra-
tion. o

- 11. A screening apparatus comprising a
screen frame, a carrier element therefor, a
drive shaft having its axis substantially co-
incident with the center of gravity of said

frame, stationary ‘bearings for said shaft, .
means operated by said shaft positively to

gyrate the said carrier elément and frame in
circular paths lying in planes at right angles
to the drive shaft, an adjustable supporting
element adjacent to the said frame, means for
fixing said element in positions of adjust-

115
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ment, and springs supported on said element
and adjustable therewith, said springs being
arranged to act upon ‘the frame at points
spaced from the respective sides of the said
shaft and to act simultaneously in the same
direction upon said frame to maintain the
frame constantly in correct screening position
during its positive gyration. o
12. A screening apparatus comprising a
base structure, a screen frame, a carrier ele-
ment for said frame, a drive shaft mounted
on said structure and having its axis substan-
tially coincident with the center of grayity of

said frame, means operated by said shaft to

1,898,040

gyrate the said carrier element and frame in
circular paths lying in planes at right angles
to.the drive shaft, a pendant frame pivot-

ally mounted in the base structure,. leaf

springs secured at their mid sections to said
frame and having link connections at their

extremities with the screen frame, means for

adjusting said pendant frame, and means for
securing $aid pendant frame in positions of
adjustment. S

Signed at New York, in-the county and

State of New York, this 11th day of April;

“A. D. 1927, . : v
- SAMUEL DAVIS ROBINS.
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