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This invention relates to vibrating apparatus and par 
ticularly to an improved vibrating screen assembly having 
a vibrator which imparts a straight line or elliptical 
motion to the vibrating screen body to which the vibrator 
is attached. 

In order to advance material ‘along a screening deck of 
a vibrating screen as well as agitate it to promote screen 
ing action, a vibrator of the type referred to is usually 
mounted with the major axis of its vibratory motion at 
an angle of 35 to 50 degrees relative to a horizontally 
positioned screen deck. In this position the vibrating mo 
tion of the vibrator produces a motion of the screen body 
that has both vertical and horizontal components. The 
combined motion serves to agitate the material on the 
screen deck and advance material along the screening 
surface. 
A vibrating screen mechanism of the type referred to 

herein is disclosed in detail in a patent to C. S. Lincoln 
et al., US. 2,144,382. Mechanisms of~this type comprise 
generally a housing or frame adapted to be connected to 
a screen body in a position that the line of vibration will 
be at an angle, usually about 45 degrees, to the horizon 
tally positioned screening surface. To obtain vibrating 
motion two parallel shafts are mounted in the housing 
and means, which may be a pair of gears mounted respec 
tively on the shafts in meshing relation, provide counter 
rotation of the shafts. Eccentrically positioned weights 
.may be rigidly connected to the shafts and power trans 
mission means such as a pulley connected to one of the 
shafts for driving the mechanism. Rotation of one of 
vthe shafts causes the respective weights mounted on the 
two shafts to rotate in unison but in opposite directions to 
provide a reciprocatory motion that is imparted to the 
screen body. If it is desired’ to impart an elliptical mo 
tion to a screen body, the weights are connected to the 
shafts in nonsymmetrical relation to each other or the 
counterweights are attached at different radial positions 
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from their respective shafts or the counterweights may , . 
be given different masses relative to each other. 
To minimize stretching and slackening of belts connect 

ing the vibrator pulley to a driving motor mounted in a 
. ?xed position, it has been necessary in the past to place 
the driving motor so that a line in the plane in which the 
pulley rotates, from the driving motor axis to the axis of 
the vibrator pulley is approximately perpendicular to the 
path or major axis of the path along which the vibrator 
vibrates. This line will be hereinafter referred to as'the 
line of drive. According to prior art teachings there are 
only two positions in which the motor can be placed for 
vthe line of drive to be perepndicular to the path of vibra 
tion to achieve satisfactory operation with regard to the 
driving belts, one position being above the vibrator pulley 
and the other position being below the vibrator pulley. 
In some installations it has been very di?icult or even 
‘impossible because of the position of supporting struc 
tures or other structures in the building housing the screen 
assembly, to place the motor at either of the two positions 
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It is accordingly an object of the present invention to 
provide a new and improved vibrating mechanism having 
a driving motor arranged relative to a pulley on a vi-. 
brator, and having a line of drive between the motor and 
the pulley that may be at any angle to a path of vibratory 
movement of the vibrator and yet provide the minimum 
stretching and slackening of driving belts heretofore ob 
tainable only when the line of drive was perpendicular 
to the major axis of the path of vibratory movement. 

Another object of the present invention is to provide 
a vibrating mechanism having a vibrator driven by a 
pulley, in which the pulley will move only along a path 
perpendicular to the line of drive from- a driving motor 
to the vibrator when the direction of vibratory movement 
relative to the line of drive is not perpendicular. 

Another object of the present invention is to provide 
a vibrating screen assembly having a vibratory motion, 
in which stretching or slackening of driving belts will be 
minimized regardless of the position of a line of drive 
between a driving motor and the vibrating assembly and 
the path of vibration of the entire screen assembly. 
Another object of the present invention is to provide 

a new and improved vibrating screen assembly havinga 
vibrating mechanism producing a vibratory movement 
along a- line disposed at a predetermined angle to the 
horizontal and in which arrangement the driving motor 
may be placed directly above or below the vibrator. ‘ 

Other objects and advantages will appear from a de 
tailed description of the invention, one embodiment of 
which will be described as illustrated in the accompany 
ing drawings. I 

According to a preferred embodiment of the present 
invention, a vibrating screen is provided with a vibrating 
assembly of the type referred to as being described in the 
patent to C. S. Lincoln et al., US. 2,144,382. A pulley 
is mounted on an operating shaft of the vibrating mecha 
nism and this pulley is connected to a driving motor by 
one or more driving belts. The pulley mounted on the 
operating shaft of the vibrating mechanism according to 
the present invention is eccentrically bored and mounted 
to be eccentric to the axis of rotation of the operating 
shaft of the vibrating mechanism. The eccentricity of 
this sheave is of an amount to provide a resulting motion 
of the eccentric pulley that will be along a path-having 
a major axis that will always be perpendicular to the line 
of drive from the driving motor to the vibrating mecha 
nism when‘the vibrating mechanism is at the midpoint 
of its amplitude of vibration. The manner in which this 
is accomplished and the signi?cance of this result may 
be understood with reference to the drawings inwhich: 

Fig. 1 is an elevation view of a vibrating screen 
equipped with a vibrating mechanism of the type to which 
the present invention is directed; - > 

Figs. 2, 3, 4 and 5 are diagrammatic views of the 
vibrating mechanism in four successive positions; 

Fig. 6 is a diagrammatic illustration to enlarged pro 
portions showing the motions resulting from the applica 
tion of a vibrating mechanism constructed accordingto 
the prior art and in which a line of drive from the vibrat 
ing mechanism to a driving motor lies in a vertical posi 
tion; and _ ‘ N 

Fig. 7 is a diagrammatic illustration also, to enlarged 
‘proportions to illustrate the resulting motions of 21 vi 
brating assembly constructed according to the present in 
vention and applied to an arrangement in which the line 
of drive is in a vertical position. ' I 

For simpli?ed explanation, Fig. 1 shows the inven 
tion applied to a straight line type vibrating mechanism 
10 in a vibrating screen assembly. The explanation will 
apply to a vibrator having an elliptical path if the line 
B—B in Figs. 6 and 7 be considered the major axis of 
the elliptisel Path 
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_ The vibrating screen illustrated comprises a screen 
body 11 having one or more screen decks 12 supported 
between side plates 13, 14. The screen 11 is suspended 
by four cables 15 which are attached to an overhead sup 
port '16 by ‘helical springs 17. > 
The mechanism 10 is mounted rigidly on the screen 

body .11 by means of a support 18 and is provided with 
a power transmission member or pulley 20 through 
which ‘it may be-operated. A motor'21 is shown in this 
embodiment as being mounted on stationary support 16 
and is utilized to drive the vibrating mechanism 10 
through one ‘or more driving belts 22. The support 18 
is ‘mounted in line with the force exerted by the oper 
ation of the vibrating mechanism 11). 'The angle be 
tween thescreen deck 12 and the direction‘of force ex 
Ierted “by the vibrating mechanism 10 may have any 
suitable value ‘herein illustrated as approximately 45 
degrees. v'I'he‘support 18 which also serves to transmit 
the vibrating force to ‘the screen body 11 has the ‘longi 
tudinal center line thereof passing substantially through 
the center of gravity of the screen so that allrpartso'f ‘the 
screen are reciprocated equally. 
The construction of the vibrating mechanism 10 may 

‘be as disclosed in the patent to Lincoln et al., US. 
2,144,382 previously referred to. A housing 25 is pro 
vided having side walls which carry a pair of parallel 

. shafts '26, 27. ‘One end of the shaft 26 protrudes from 
the housing ‘and the pulley 20 is mountedthereon. Gears 
‘28, 29 shown ‘in broken lines in Fig. 2 are mounted 
concentrically on the shafts 26, 27 for mutual engage 
ment whereby the rotation of the pulley 20 serves toro 
tate'the two shafts in opposite directions. 
To provide straight line vibratory motion equal e'c 

centric weights 30, 31 are mounted on the shafts 26, 27, 
respectively, as shown in Figs. .2, 3, 4 and 5. The 
weights 30, 31 in the particular vibrator illustrated "are 
oriented on the shafts as shown in Fig. 2 so that when 
the center of gravity of the weight 30 on shaft 26 is'be 
tween the two shafts .and in a plane C--C de?ned by the 
axis of both shafts, the center of gravity of ‘the other 
weight 31 on the other shaft 27. is also between the two 
shafts and in the plane 0-0. 
The operation of the vibrating mechanism to produce 

rectilinear'vibrations is illustrated in Figs. 2 through 5 
which .show diagrammatically the location of the ec 
centrically positioned weights 30, 31 at four successive 
positions 90 degrees apart during'rotation of the shafts. 
‘In ‘vibrating ‘screens ‘constructed according to the prior 

‘art as illustrated in the previously referred to‘Lincoln 
‘patent, ‘a ‘concentrically bored pulley or sheave was 
‘mounted ‘on the operating shaft 26 of the vibrating 
vmechanism 10. Such prior art structures have a serious 
disadvantage which is illustrated in Fig. 6 of the draw 
ings. Fig. 6 of the drawings illustrates diagrammatically 
‘the ‘motion of a concentrically bored pulley along a 
straight'line path'o'f vibration. The mean line of vibra 
tion is identi?ed in Fig. 6 as line B—B and numbers 1 
‘through 9 .locate arbitrarily chosen points along the line 
of vibration for reasons which will appear. For a vibra 
tor as‘ shown in the Lincoln patent referred to, the 
meanpath of vibration is a straight line indicating the 
actual path of vibration. For a vibrator that vibrates 
alongv a nonstraight line path such as an ellipse, line B—B 
‘is representative ‘of the mean path of vibration which is 
in the case of an ellipse, the major axis of theellipse. 
"The vibrating mechanism represented in this ?gure may 
'be mounted with respect to a screen so that the line of 
vibration B—B is ‘approximately at a 45 degree angle 
to the screen decks to obtain ‘effective agitation and ad 
vancement of material along a screening deck. The dis 
advantages of the prior art ‘structures can be illustrated 
by assuminga driving motor mounted with its axis of 
.rotation located at the point identi?ed as 13.1 in Fig. 6. 
'tTheyI line of drive for such an arrangement is so labeled 
in Fig. '6 and is a line’joining'the axis of‘ rotation of the 
driving motor D; with a point numbered "3 ‘and :7 *along 
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4 
the line of vibration B—B. The point labeled 3 and 7 
represents the position of the vibrating mechanism at 
the midpoint of its vibration between the point l-9 on 
one end of the line and the point 5 on the opposite end 
of the line. The use of a concentrically bored pulley as 
illustrated in Fig. 6 results in the geometric center of the 
pulley always being on a line B--B that represents the 
path of motion of the vibrating mechanism drawn 
through the center of the pulley at its midposition 3-7. 
In other words, the path of travel taken by a concen 
trically bored driving pulley makes the same angle with 
the horizontal and with the'line of drive as does a line 
representing the path of vibrating motion of'the vibrating 
mechanism itself. 
The motion of the pulley illustrated in Fig. 6 is such 

that as the pulley moves from a position P1 with its 
center at point 1 on line B--B through position P2 with 
its center at point 2 and so on to position P5 with its cen 
ter 'at point 5. Thus the pulley has ‘moved substantial 
ly .closer to the point D1 which represents the ‘rotating 
axis of a driving motor. Therefore if driving belts were 
to be ?tted on the pulley when the pulley is in its posi 
tion P1 it can be seen that when the pulley moves to 
position P5 'sul’?cient slackening of the belts can result 
so that no rotary motion is transmitted to the pulley in 
position B5. Likewise if driving belts were ?tted on 
the pulley when in position P5 movement of the pulley 
through vpositions labeled P6 to P9 can stretch the belts 
beyond their elastic limit causing them 'to break. If the 
belts are ?tted to .the pulley for position P3-—‘P7 alter 
nate stretching and ‘slackening of the belts will occur. 
Thus it can be seen that the smaller the acute included 
angle x between the line of drive 3-D1 and the line 
B—B the greater this problem becomes. The solution 
to this problem before the present invention was to 
place the driving motor so that its axis of rotation would 
be at either of the two points labeled D2 or D, in Fig. '6. 
With the driving motor located at one of these two 
positions the amount of change in the length of a line 
from the point D2 or D3 to the center of the pulley as 
the center of .pulley moved through positions 1 through 
9, is minimized. As previously stated such a solution to 
the problem was not always possible because of the in 
ability to locate the driving motor at either of the points 
D2 or D3. It has therefore long been desirable to have 
an arrangement in which the driving motor could be 
located at points other than D2, D3 and yet avoid the 
problem illustrated in ‘Fig. 6. - 

According to the present invention the pulley '20 as 
shown in Fig. l is eccentrically bored to be mounted 
eccentrically with regard to the axis of the shaft 26. The 
distance between the geometric center of the pulley 20 
and the axis of the eccentric bore of pulley 20 for any de 
sired location of the driving motor 21 other than the 10 
cationsidenti?ed as D2 and D3 in Fig. 6 is determined by 
the formula 

E equals A cosine x 

A represents the amplitude of vibrationof the vibrating 
mechanism along the line of vibration B—B, which is one 
half of the total throw. In other words, as illustrated in 
'Figs. 6 and 7, A is the distance between the point 3—7 and 
the point 5; or the point 3-7 and the point 1-9. x repre 
sents the acute included angle between the path of vibra 
tion B-—~B of the vibrating mechanism 10 and the line of 
chive 3—D1. With the eccentricity of the pulley 20 so de 
termined, the eccentrically bored pulley is oriented on shaft 
26 as shown in Fig. 1, so that when the vibrator mech 
anism 10 is at the midpoint of its vibration, as also shown 
in Fig. 2, that in the plane of the pulley 20 (which is "a 
parallel of the side plates 13, .14) a line K--K through 
theaxis of rotation F of’shaft 26 and the geometric axis 
G of the pulley 20, shall be from and form an angle with 
a second line F—J——H which is a line'from the axis of 
vrotation F-of the:shaft_26 through the center of gravity 
J. of the weight 30, of x degrees measured in the .same 
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clock reference direction from the line F-H as the line 
of drive F-D1 is disposed from the line B—F—B. 
With speci?c reference to the embodiment shown in 

Fig. 1, wherein the driving motor 21 is directly above the 
pulley 20 and the line of drive F—D1 lies 45 degrees in a 
counterclockwise direction from the line F-B, the ec 
centricity 
_E_‘ equals A (cos x) which, when 1: 

=45 ° equals \/272 times A 

the amplitude of vibration of the vibrating mechanism 
from its midposition to its maximum displacement in 
one direction from its midposition. With an eccentricity 
uaqln ‘s12 Buot s'e pazqpn aq Aaur SQAIBA otarades peapui 
equal to _{1_\/2/2 in this speci?c embodiment the pulley 
is oriented so that in the plane of the pulley the line 
F-—G—K is disposed from the line F-—I-—H 45 degrees 
in a counterclockwise direction. 
With an arrangement as has just been described mini; 

mumvstretching and slackening of driving belts from the 
driving motor to the pulley 20 is obtained despite the fact 
that the line of drive is not perpendicular to the line B—B 
as illustrated by the line of drive D2—F or D3—F, illus 
trated in Fig. 6. 
The manner in which this result is accomplished by 

the construction and arrangement described, can be illus 
trated with reference to the diagram shown in Fig. 7. 
Fig. 7 shows a line of drive forming an acute included 
angle x of 45 degrees with the path of vibratory motion 

B—B _of the vibrating mechanism. The angle x is the 
same in Fig. 7 as in Fig. 6. Fig. 7 however illiistrates 
the motion of a pulley that is bored and oriented accord 
ing to this invention. The geometric center G of the pul 
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ley shown in Fig. 7 does not move along the line B—B , 
as does the center of the pulley shown in Fig. 6. Fig. 7 
shows that the geometric center G of a pulley bored 
and arranged according to this invention moves along a 
line K—K which is always perpendicular to the line of 
drive F3--D1. The movement of the eccentrically bored 
pulley shown in the diagram of Fig. 7 can be traced 
through the same nine positions illustrated in Fig. 6 to 
point out the difference in the movement of the pulley 
acheved by this invention. 

In the speci?c embodiment shown in Fig. 1 and dia 
gramed in Fig. 7 when the eccentricallyrbored pulley is 
in the position labeled P1 in Fig. 7 the eccentric axis F 
will lie upon line B—B at point 1 and the geometric axis 
G of the pulley will lie along the line K—K at the point 
numbered 1’, The eccentric aXis F and the geometric axis 
G are spaced apart by the distance E which represents'the 
eccentricity as determined according to this invention. 
In this ?gure the two points 1 and 1' are joined together 
by a dotted line labeled e1 to more clearly illustrate the 
relative positions of points 1 and 1' and the motion to be 
described. When the pulley 20 is rotated by the driv 
ing motor 21 in the direction of the arrows shown in 
Fig. 7 the pulley will move to position P2 the eccentric 
axis F of the pulley 20 will move upwardly along the 
line B—B to the point numbered 2 and the geometric axis 
G of the pulley will move outwardly along the line K—‘-K 
to the point 2'. As the pulley continues to rotate and 
moves to position P3 the eccentric axis F moves still fur 
ther up the line B—B to the point 3 while the geometric 
axis G returns along the line K—K to the point num 
bered 3’ which is coincident with the point ‘1'. The next 
position P4 shows the eccentric axis F of the, pulley at 
point 4 on the line B—B with the geometric center G at 
point 4' on the line K—K. Position P5 which represents 
the uppermost point of travel of the vibrating mechanism 
10 ?nds the eccentric axis F of the pulley at point. Son 
the line B—B and the geometric axis G of the pulley at 
point 5’ on the line K—K. From this position the vibrat 
ing mechanism 10 begins its downward motion and the 

40 

45 

55 

60 

65 

70 

75 

6 
eccentric axis F of the pulley moves to point 6 on the line 
B"—B and the geometric axis G to point 6’ on the line 
K—K. The next- position illustrated P7 ?nds the pulley 
once again at its midposition with the eccentric axis F 
at point 7 on line B—B and the geometric axis G of the 
pulley at point7’ on the line K—K. For this midposi 
tion it can be noted that the eccentric axis F at point 7 
on line B—B also lies on line K—K and line 
of drive F--D1. This of course represents the posi 
tion at which driving belt should be ?tted to the pulley 
in order to have a minimum and equal change in the 
distance between the pulley 20 and the driving motor 21 
as the pulley 20 moves along the line B—B. The next 
position shown ?nds the pulley in position P8 with the 
eccentric axis F at point 8 on the line B—B and the geo 
metric axis G at point 8’ on the line K—K. The ?nal’ 
position P9 to illustrate one complete cycle of the vibrator 
?nds the-eccentric axis F at point 9 on line B—B which 
is coincident with point 1 and geometric axis G at point 
9’ along the‘line K—K which is coincident with the points 
l’ and 3'. - 
While a particular embodiment has been shown and 

described in which a driving motor is mounted directly 
over the operating pulley of the vibrating mechanism to 
form anjanglev of 45 degrees between the line of drive and 
the path along which the mechanism vibrates and that this 
provides a long sought construction and arrangement hav 
ing particular advantages, it is to be understood that the 
invention is not to be so restricted but that by this inven 
tion a construction and arrangement is disclosed which 
permits the location of a driving motor 21 in any position 
establishing an acute included angle x between the line of 
drive G—-D and the path of vibration B—B of a vibrating 
mechanism and achieves the desired result of minimum 
change inthedistance between adriving motor 21 and an 
operating pulley 20 ‘on a vibrating mechanism of the type 
described. »Moreover, the invention may be applied to 
other types of vibrators and to vibrate apparatus other 
than screens, such as sieves, hoppers, sifters, tappers, pack 
ing and tamping apparatus etc., and is especially appli 
cable'to feeders and conveyors of the reciprocated type. 
What is claimed is: 
1. In combination'with a vibrator resiliently mounted 

for vibratoryjmovement'in space and having a pair of 
parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in re 
sponse to rotation of the other of said shafts with rota 
tion vof said shafts being in opposite directions at equal 
angular velocities, eccentric weight means ?xed on each 
shaft, and a driving sheaverrotatable about an axis sub 
stantially ?xed in spaced parallel relation to one of 
said shafts, the improvement comprising: a sheave ec 
centrically mounted on a ?rst of said shafts; flexible belt 
means drivingly connecting said driving sheave to said 
eccentric sheave to rotate said eccentric sheave and said 
interconnected shafts; said eccentric sheave being mounted 
on said- ?rst shaft eccentrically a distance E from the 
geometric‘. center of said sheave an amount-determined 
by the formula ‘ 

; £=A cos x 

when A represents the amplitude of vibration of the 
vibrator and x the acute included angle between a line 

representing the mean path of vibration and aline of 
drive de?ned as a line between said axis of rotation 
of. said driving sheave and the axis of rotation of said 
?rst shaft when said vibrator is at the midpoint of its 
amplitude of vibration. _ 

2. In combination with a vibrator resiliently mounted 
for vibratory movement in space and having a pair of 
parallel coextensive shafts, motion translating means con~ 
necting said shafts to rotate one of said shafts in re 
sponse to rotation of the other of said shafts with ro 
tation. of said shafts being in opposite directions at equal 
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angular velocities, eccentric; weight means ?xed OIIlGBCh, 
shaft,‘ and a driving sheave rotatable aboutv an axis sub 
stantially ?xed in spaced parallel relationvto one of said 
shafts, the improvement comprising: a sheave eccen- 
trically mounted on a ?rst of said shafts; ?exible belt 
means drivingly connecting said driving sheave to said 
eccentric, sheave to rotate said eccentric sheave and 
saidj interconnected shafts; said eccentric sheave being, 
mounted on said ?rst shaft eccentrically a distance E 

from the geometric center of said sheave an amount de: 
termined by the formula 

£=A cos x 

when A_ represents the amplitude of‘ vibration of‘ the: 

vibratonandx theacute included angle between a- line 
representing the mean pathv of vibration and a line: of 
drive de?ned asa line between said: axis of'rotation-of 
said driving sheave and the axis of rotation of- said‘ ?rst 
shaft when said vibrator is at the midpoint of its ampli 
tude of vibration; and said eccentric sheave being oriented 
on said ?rst shaft when said vibrator is at the midpoint 
of its amplitude of vibration so, in a plane perpendicular; 
to said shafts, that a ?rst line from the axis of rotation 
of said ?rst shaft through the geometric center of said 
eccentric sheave shall be from: a, second line from said, 
axis of rotation of said ?rst shaft through the center 
ofgravity of said Weighted ?rst shaft x degrees in the 
same clock reference direction from’ said second line as 
said line of drive measures said x degrees from said 

line. representing the mean path of vibration. 
3. In combination with a vibrator resiliently mounted 

for vibratory‘movement in space and having a pairof" 
parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in re 
sponse to rotation of the other of said shafts withrota 
tion of said shafts being in opposite directions at equal 
angular velocities, and equal eccentric weight means ?xed 
on each shaft, and a driving sheave rotatable about an 
axis substantially ?xed in spaced parallel relation to one 
of said shafts, the improvement comprising: a sheave 
eccentrically mounted on a ?rst of said shafts; ?exible 
belt-means drivingly connecting said driving sheave to 
said eccentric sheave to rotate said eccentric sheave and 
said interconnected shafts; said eccentric sheave being 
mounted; on said ?rst shaft'eccentrically a distance E 

from the geometric center of said sheave an amour-1i 
determined by the formula 

when A represents the amplitude of vibration of the. 
vibrator and x'the acute included angle between‘a line 
representing the mean path, of vibration and‘ a line of‘ 
drive de?ned as a line between; said- axis of rotation of 
said driving sheave and the axis of rotation of said ?rst 
shaft when said vibrator is at the midpoint of its ampli_ 
tude of vibration; and said eccentric sheave being oriented 
on said ?rst shaft when said vibrator is atthe midpoint 
of ‘its amplitude of vibration so; in a plane perpendicular 
to said shafts, that a ?rst line from the axis of rotation 
of said ?rst shaft through the geometric center of said 
eccentric sheave shall be from a: second line from said‘ 
axis of rotation of said ?rst shaft through the center 
of gravity of said‘weighted, ?rst shaft x degrees‘in the, 
same clock reference direction from said second line as 
said line of drive measures tsaid'x degrees from said 

line representing the mean path of. vibration, and said‘ 
angle x beingless than 90‘degrees. 

4. I; combination with-a, vibrator resiliently mounted, 
for vibratory movement in space and having- a, pair of" 
parallel, coextensive shafts, motion translatingmeanscone 
neeting,>,s.aidshans to :rotate oneofsaid. shaftsin response 
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to rotation of the- other of said shafts with rotation of 
said shafts-being in opposite directions at equal angular 
velocities, and equal eccentric weight means ?xed on each 
shaft‘ with said shafts being so oriented that when the 
center: of gravity of the weight means on one shaft is 
between said‘shafts and'in a ?rst plane de?ned by the 
axis of both shafts the center of gravity of the weight. 
means on the other shaft is also in said plane and be 
tween said shafts, and'a driving sheave rotatable about 
an axis substantially. ?xed in spaced parallel relation to 
one of said shafts, the improvement comprising: a sheave 
eccentrically mounted on a ?rst of said shafts; flexible 
belt means drivingly connecting said driving sheave to 
said‘ eccentric sheave to rotate said eccentric sheave and 

i_ said interconnected shafts; and said eccentric‘sheave being 
mounted on‘ said ?rst shaft eccentrically a distance E’ 

from the geometric center of said sheave‘ an amount de'» 
termined by the formula 

2:11, cos. at 

when A represents the amplitude of vibration of the; 
vibratoTalong a straight line path perpendicular to said 
plane from midposition to maximum displacement from 
said midposition in one direction and x‘ the acute in 

cluded angle between, said path and a line of drive being 
a line between said axis of rotation of said driving; 
sheave and the axis of rotation of said ?rst shaft when 
said vibrator is at the midpoint of its amplitude of vibra 
tion. - 

S. In combination with a vibrator resiliently mounted, 
for vibratory movement in space and having a pair of’ 
parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in response 
to rotation of the other of said shafts with rotation of said 
shafts being in opposite directions at equal angular veloci'- 
ties, and equal eccentric weight means ?xed on each shaft 
with said shafts being so oriented that when the center of 
gravity of the weight means on one shaft is between said1 
shafts and in a ?rst plane de?ned by the axis of both 
shafts the center of gravity of the weight means on the 
othershaft is also in said plane and between said shafts, 
and a driving sheave rotatable about an axis substantially 
?xed in spaced parallel relation to one of said shafts, the 
improvement comprising: a sheave eccentrically mounted 
on a ?rst of said shafts; ?exible belt means drivingly con 
necting said driving sheave to said eccentric sheave to 
rotate said eccentric sheave and said interconnectedshafts; 
said eccentric sheave being mounted on said ?rst shaft ece 

' centrically'a distance E from the geometric center of said 
sheave an. amount determined by the formula 

§=A cos x 

when if. represents'the amplitude of vibration of the vi 
brator along a straight line path perpendicular to said: 
plane from midposition to maximum displacement from 
said midposition in one direction and:_x the acute included 
angle between said path and a line of drive being a line 
between said axis of rotation of saiddriving sheave and. 
the axis of rotation of said ?rst shaft when said vibrator 
is at the midpoint of its amplitude of vibration; and said 
eccentric sheave being oriented on said ?rst shaft when‘ 
said vibrator is at the midpoint of its amplitude of vibra 
tion so that, in a secondplane perpendicular to said ?rst 
plane and said shafts, that a ?rst line from thevaxis of; 
rotation of said ?rst shaft through the geometric center of 
said eccentriesheave shall be from a second line from 
said axis of rotation ofsaid ?rst shaft through the center 
of gravity of said weighted ?rst shaft x degrees in the; 
same clock reference direction from: said second line as 
said line of drive measures said x degrees from said path-.. 

6. 'In combination with ,a vibrator resiliently mounted 
for vibratory: movement , in space andvihavingearrpairr of 
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parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in response‘ 
to rotation of the other of said shafts with rotation of 
said shafts being in opposite directions at equal ‘angular 
velocities, and equal eccentric weight means ?xed on each 
shaft with said shafts being so oriented that when the 
center of gravity of the weight means on one shaft is 
between said shafts and in a ?rst ‘plane de?ned by the axis 
of both shafts the center of gravity of the weight means 
on the other shaft is also in said plane and between said 
shafts, and a driving sheave rotatable about an axis sub 
stantially ?xed .in spaced parallel relation to one of said 
shafts, the improvement comprising: a sheave eccentrical 
ly mounted on a ?rst of said shafts; ?exible belt means 
drivingly connecting said driving sheave to said eccentric 
sheave to rotate said eccentricv sheave and said intercon 
nected shafts; said eccentric sheave being mounted on said 
?rst shaft eccentrically a distance _l_3_ from the geometric 
center of said sheave an amount determined by the for 
'mula - 

£=A cos x 

when A represents the amplitude of vibration of the vi 
brator along a straight line path perpendicular to said 
plane from midposition to maximum displacement from 
said midposition in one direction and x the acute included 
angle between said path and a line of drive being a line 
between said axis of rotation of said driving sheave and 
the axis of rotation of said ?rst shaft when said vibrator 
is at the'midpoint of its amplitude of vibration; said ec 
centric sheave being oriented on said ?rst shaft when said 
vibrator is at the midpoint of its amplitude of vibration 
so, in a second plane perpendicular to said ?rst plane and 
said shafts, that a ?rst line from the axis of rotation of 
said ?rst shaft through the geometric center of said ec 
centric sheave shall be from a second line from said axis 
of rotation of said?rst shaft through the center of gravity 
of said weighted ?rst shaft x degrees in the same clock 

reference direction from said second line as said line of 
drive measures said x degrees from said path, and said 
angle x being less than 90 degrees. 

7. In combination with a vibrator resiliently mounted 
for vibratory movement in space and having a pair of 
parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in response 
to rotation of the other of said shafts with rotation of said 
shafts being in opposite directions at equal angular veloci 
ties, and equal eccentric weight means ?xed on each shaft 
with said shafts being so oriented that when the center of 
gravity of the weight means on one shaft is between said 
shafts and in a ?rst plane de?ned by the axis of both shafts 
the center of gravity of the weight means on the other 
shaft is also in said plane and between said shafts, and 
a driving sheave rotatable about an axis substantially 
?xed in spaced parallel relation to one of said shafts, 
the improvement comprising: a sheave eccentrically 
mounted on a ?rst of said shafts; ?exible belt means driv 
ingly connecting said driving sheave to said eccentric 
sheave to rotate said eccentric sheave and said intercon 
nected shafts; said eccentric sheave being mounted on 
said ?rst shaft eccentrically a distance equal to A(\/§_/2) 
from the geometric center of said sheave when A repre 
sents the amplitude of vibration of the vibrator from mid 
position to maximum displacement from midposition in 
onevdirection along a straight line path perpendicular to 
said plane, and said driving sheave is located to provide 
an acute included angle of 45 degrees between said path 
and a line of drive being a line between said axis of rota 
tion of said driving sheave and the axis of rotation of said 
?rst shaft when said vibrator is at the midpoint of its 
amplitude of vibration. 

8. In combination with a vibrator resiliently mounted 

10 

15 

20 

25 

35 

40 

45 

50 

55 

65 

70 

75 

10 
for vibratory movement in space and having a pair of 
parallel coextensive shafts, motion translating means con 
necting said shafts to rotate one of said shafts in response 
to rotation of the other of said shafts with rotation of 
said shafts being in opposite directions at equal angular 
velocities, and equal eccentric weight means ?xed on each 
shaft with said shafts being so oriented that when the 
center of gravity of the weight means on one shaft is 
between said shafts and in a ?rst'plane de?ned by the 
axis of both shafts the center of gravity of the weight 
means on the other shaft is also in said plane and be 
tween said shafts, and a driving sheave rotatable about 
an axis substantially ?xed in spaced parallel relation to 
one of said shafts, the improvement comprising: a sheave 
eccentrically mounted on a ?rst of said shafts; ?exible 
belt means drivingly connecting said driving sheave to 
said eccentric sheave to rotate said eccentric sheave and 
said interconnected shafts; said eccentric sheave being 
mounted on said ?rst shaft eccentrically a distance equal 
to A(\/_2-/2) from the geometric center of said sheave 
when A represents the amplitude of vibration of the 
vibrato-r- from midposition to maximum displacement 
from said midposition in one direction along a straight 
line path perpendicular to said plane, and said driving 
sheave is located to provide an acute included angle of‘ 
45 degrees between said path and a line of drive being 
a line between said axis of rotation of said driving sheave 
and the axis of rotation of said ?rst shaft when said 
vibrator is at the midpoint of its amplitude of vibration; 
andvsaid eccentric sheave being oriented on said ?rst 
shaft when said vibrator is at the midpoint of its ampli 
tude of vibration so that, in a second plane perpendicular 
to said ?rst plane and said shafts, that a ?rst line from 
the axis of rotation of said ?rst shaft through the geo 
metric center of said eccentric sheave shall be from a 
second line from said axis of rotation of said ?rst shaft 
through the center of gravity of said weighted ?rst shaft 
45 degrees in the same clock reference direction from 
said second line as said line of drive measures said 45 
degrees from said path. ' ' 

9. In a screen assembly mounted for vibratory move~ 
ment comprising a vibrator rigidly connected thereto, 
said vibrator having a pair of parallel coextensive shafts, 
motion translating means connecting said shafts to rotate 
one of said shafts in response to rotation of the other of 
said shafts with rotation of said shafts being in opposite 
directions at equal angular velocities, and equal eccentric 
weight means ?xed on each shaft with said shafts being. 
so oriented that when the center of gravity of the weight 
means on one shaft is between said shafts and in a ?rst 
plane de?ned by the axis of both shafts the center of 
gravity of the weight means on the other shaft is also in 
said plane and between said shafts, a driving sheave 
rotatable about an axis substantially ?xed in spaced par 
allel relation to one of said shafts, a sheave eccentrically 
mounted on a ?rst of said shafts; flexible belt means 
drivingly connecting said driving sheave to said eccentric 
sheave to rotate said eccentric sheave and said inter 
connected shafts; said eccentric sheave being mounted 
on said ?rst shaft eccentrically a distance E from the 

geometric center of said sheave an amount-determined 
by the formula 

am 
when A represents the amplitude of vibration of the 
vibrato-r‘ along a straight line path perpendicular to said 
plane from midposition to maximum displacement from 
said midposition in one direction and x the acute in 

cluded angle between said path and a line of drive being 
a line between said axis of rotation of said driving sheave 
and the axis of rotation of said ?rst shaft when said 
vibrator is at the midpoint of its amplitude of vibration; 
said eccentric sheave being oriented on said ?rst shaft 
when said vibrator is at the midpoint of its amplitude 
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of vibration so that, in a second plane vperpendicular to 
' said ?rst plane and said shafts, that a ?rst line from the 
axis of rotation of said ?rst shaft through the geometric 
center of said eccentric sheave shall be from a second 
line from 'said'axis of rotation of said ?rst shaft through 
the ‘center of gravity of said Weighted ?rst shaft x degrees 

in ‘the same clock reference direction from said second 
line as said line of drive measures said x degrees from 

said path, and said angle x being less aim 90 degrees. 
10. in a screen assembly mounted for vibratory move 

ment comprising a vibrator rigidly connected thereto, 
said vibrator having a .pair of parallel coextensive shafts, 
motion translating means connecting said shafts to rotate 
one of said shafts inresponse to rotation of the other of 
said shafts withrotation of said shafts being in opposite 
directions at equal angular velocities, and equal eccentric 
weight means ?xed on each shaft with said shafts being 
so oriented that when the center of gravity of the weight 
means on one shaft is between said shafts and in a ?rst 
plane de?ned'by the axis of both shafts the center of 
gravity of the weight means on the other shaft is also 
in said plane and between said shafts, said vibrator is 
arranged to position saidt?rst plane at a 45 degree angle 
,to the horizontal, a driving sheave rotatable about an 

y axis substantially ?xed in spaced parallel relation to one 
of said shafts, a sheave eccentrically mounted on a ?rst 
of said shafts; ?exible belt means drivingly connecting 
said drivingsheave to said eccentricsheave to rotate said 
eccentric sheave and said interconnected shafts; said 
eccentric sheave being mounted on said ?rst shaft eccen 
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tricallya distance equal toéh/E/Z) 'fromthe geometric 
center .of said sheave when A represents ‘.the amplitude 
of vibration of the vibrator from midposition-to maxi 
mum displacement ‘from said midposition in one direc 
tion along a straight line path perpendicular to said ?rst 
plane, and said driving sheave is located to provide an 
acute included angle of 45 degrees between said-path and 
a line of ‘drive being a line ‘between said axis of rotation 
of said driving sheave and the axis of rotation of said 
?rst shaft when said vibrator is at the midpoint of its 
amplitude of vibration; and said eccentric sheave being 
oriented on vsaid ?rst ‘shaft when said vibrator is at the 
midpoint of its amplitude of vibration so that, in-a second 
plane perpendicular to said ?rst plane and said shafts, 
that a ?rst ‘line from the axis of rotation of said ?rst 
shaft through the ‘geometric center of said eccentric 
sheave shall ‘be from a second line from ‘said ‘axis of 
rotation of said ?rst shaft vthrough the center of gravity 
of saidweighted ?rst shaft ,45 degreesinzthe same clock 
reference direction from said second line as said line of 
drive measures said 45 ,degrees from said path. 
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