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This invention relates to a vibratory drive mechanism
and in particvlar fo means for adjustably controlling the
~ stroke of vibratory apparatus driven by a constant stroke
crank and connecting rod mechanism. |

- Many types of vibratory apparatus such as conveyers
feeders, vibratory screens, earth tampers, and similar
apparatus are driven by crank and connecting rod mecha-
nisms that provide a substantially constant stroke regard-
less of the variations in load or forces being overcome
by the vibratory members. These drives are quife satis-
factory as long as it is not necessary to vary the ampli-
tude of the vibratory movement of the vibrating mem-
bers. However these drives cannof be readily adepted
for variable amplitude operation.

The principal object of this invention 1s to provide
means for varying the amplitude of vibration of a vi-
bratory member driven by a constant stroke crank and
connecting rod mechanism. | |
Another object of the invention is to provide means
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In the drawrngs |
FIG. 1 is a schematic side elevation ef a vrbratory-
cenveyor or feeder embodying a drwe constructed accerd— |

- ing to the invention.
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‘that are readily adaptable for remote confrol for con-

trolling the amplitude of vibration of a vibratory member.

A still further object of the invention is to- provide
tunable coupling means between a crank and connecting
rod mechanism and a tuned vibratory member arranged
so that at one condition of tuning there is no force trans-

the vibratory member.

A still further object of the invention is to. prevlde
means for adjustably controlling the amplitude of vi-
bration of a vibratory member regardless of the Vrbratery
force requirements of the vibatory member.

A still further object of the invention 1s to prevrde
tunable driving means for driving a tuned vibratory sys-
tem from a constant stroke drive
so that the tuning for zero force transmission from the

 drive mechanism to the tuned vibratory member occurs

with a substantial spring rate in the tunable drive means.
More specific objects and advantages are apparent from

the following description of a preferred ferm of the 111-'

“vention.

~ According to the invention, the drive force from a
- crank and connecting rod mechanism 1s divided into two
" parts by differential mechanism with one part being ap-

plied directly to the work member and the other part

‘being applied to a mass that is ceupled to the work mem-
ber through an adjustable rate spring. The range of
adjustment of the rate of the coupling spring coupling

the mass to the work member is such that at one extreme

the mass and spring form a resonant system having- an
~extremely low resonant frequency that is much lower
than the operating speed and at another condition of
‘tuning or adjustment of the rate of the spring they form

echanism arranged
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mitted from the crank and connecting rod meehamsm to
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rod 7 and crankshaft 5 need not supply the inertia forces

bO

- applied directly to the cenveyor trough 1 whereas the -
‘other -component of the force is applied to the mass 10.

bb

FIG. 2 is a schematic side elevation of a vrbratory*
conveyor or feeder employing a preferred form of the
invention employing pneumatic# 5prings as the adjustable
resilient elements., |

FIG. 3 is a schematic dragram illustratin g the general
cooperation of the elements including the division of drive
force between the two paths. | -

FIG. 4 is a graph illustrating,

in general the Vanatien |

in transmitted force wrth changes in tunmg of the cou-

pling spring. | o
“These specific figures and the aceempanymg descrip-
tion are intended merely to illustrate the mVentmn and

‘not to impose limitations on the claims.

A vibratory system that includes the improved drive
mechanism may comprise a conveyor trough or feeder
trough 1 that is supported from base 2 by means of in-
clined struts or cantilever leaf springs 3 and coil springs
4. The springs cooperate with the trough 1 to form a

vibratory system that is preferably tuned to be resonant

near the operating speed. Vibratory energy to drive the

trough 1 is provided by a rotating crank or ecceniric -

shaft 5 that is journaled in a standard 6 erected from the
base 2. The crankshaft 5 is connected through a con-

~necting rod 7 to a lever 8 that is pivotally connected to a

bracket 9 depending from the conveyor 1. The Iever 8
carries a mass 18 on its lower end, the mass being con-

‘nected through an adjustable spring 11 to the conveyor

1. The lever 8 is a form of differential mechanrsm to o
distribute the force from the connecting rod. S
The crankshaft 5, which may also be considered as an

eccentric shaft beeause of its relatlvely short throw, 1s

preferably driven at a constant speed by means not
shown. This constant speed should, for best results under -

‘load, be approximately 5 percent less than the natural or |
resonant -frequency of the conveyor trough 1 on the -

springs 3 and 4. ‘While coil 5prmgs 4 are shown as as-

‘sisting the cantilever springs 3 in providing the resilient
force for the conveyor trough 1, other types of springs
“may be substifuted or the cantilever springs 3 may be

made stiff enough to provide all of the force themselves.
‘The system is tuned in this manner so that the connecting

required to vibrate the deck or trough 1.
Forces from the connecting rods 7, applled fo the_

lever 8, are divided with one component being applied to

the bracket 9 at the upper. end of the lever and thus -

Any movement of the mass 10 transmits a force through

the adjustable spring 11 to the conveyor trough 1. By |

adjustment of the adjustable spring 11 the magnitudes

- of the forces applied to the conveyor trough 1 may be

than the operating speed. Ordinarily, the full range of

~ tuhing is not empleyed but rather either one of the two

ranges of tuning is used, one employing spring rates equal
- or greater than that provrdmﬂ zero force transmission

and the other providing spring rates equal or less than.

providing zero force. The upper range of tuning is pref-
- erable for control purposes because of the 1mpreved regu-

- lation of the system with respect to changes in lead when

operating at full stroke.

A preferred form of the mventmn is 111ustrated in the

accompanying drawings.

~a resonant system having a resonant frequency higher 60

varied over a wide range and thereby vary or control

the amphtude of vibration of the trough 1 while the

‘stroke of the eccentric or crankshaft 5 and connecting rod '
7 remains- eenstant
adjusted for a very low spring rate the mass 10 tends

- When the. adjustable spring 11 is

" to form a-fulcrum for the lever 8 and the force trans-

~ mitted through the lever bracket 9 to the conveyor deck
- varies according to the weight and acceleration of the
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mass 18. This represents one extreme. condltwn of_

_- tuning.

~ creased, a force is transmitted through the spring 11
to the conveyor deck 1 in accordance with the. spring -

70 ‘rate and the deflection of the mass 19 from its neutral

As the spi rng rate of the ad]ustable sprmg 11 1S in-

- position. ThlS sprmg ferce acts in opposrtlon o the"- -



 work member or trough 1a.

S

force transmitted through thé lever and mounting bracket

9 to the conveyor to thus reduce the net force apphed_

to the convsyor trough 1.
If the spring rate of the adjustable sprmg 11 is in-

creased until the spring becomes very stiff, the mass 1¢-

moves in phase with the conveyor deck ‘1 and both-the

lever fulcrum 9-and the spring ‘10 -apply force in. phase

to the conveyor: deck 1. At an intermediate  adjust-
ment of the spring rate of the adjustable spring 11, the
force transmitted through the ~adjustable spring il ex-
actly counterbalances oris equal and opposite to the force

transmitted through the lever bracket 9 so that no force
is transmitted from the connecting rod 7 to the conveyor
In this condition of tuning the lever mass 1§

 trough 1.
oscillates through an -amplitude of motion which is

greater than the motion of the connecting rod in accord-

10

umts ‘The uppel end of the level 22, the end of the

- arm B, is pivotally cor*nsctsd to- a member 23 which
o corrssponc,s to the work member 1. of FIG. 1.

‘This
member is connected to ground through the spring 24 °
having a sprmﬂ rate K,. The spring 24 is not equiv-
alent to the springs 3 and 4 but rather is an equwalent_-
spring that represents the tened system comprising the -
work member 1 together with the springs 3 and 4 when

operated at the operating speed of the crankshaft 5 and
tuned to a frequency higher than the operating speed.

The spring 24 provides force which is equal to the differ-

ence between the spring force of the actual springs and

~ance with the ratio of length of the arms of the lever 8

 .and the- force transmitted through :the connecting rod
equals the inertia force of the mass 19. In order that
the amplitude of motion of the conveyor trough 1 may

~ be reduced practically to zero when the force transmission

through the lever and ad]ustable Spring. system 1S zero

or approximately zero the system comprising the con-.

veyor trough 1 and the springs 3 and 4 must not be op-
-erated exactly at resonance. Preferably the system -is
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tuned to a frequency shghtly hl“’hel‘ than the operatmg

speed.
FIG. 2 shows a similar arrsnﬂement in whmh pnem

adjustable’ rate spring 11. In this partlcular arrange-

atic
springs, arranged to be variably inflated, serve as the

3{

‘ment a conveyor trough 1ais supported from a base 2a

by means of cantilever leaf springs-or struts 3a assisted

by coil springs 4a to form a tuned vibratory system

~ having a natural frequency substantlally at the OPEI'&UI]U
-speed. |

.35

‘This system 1S drwsn by a crank or eccentric shaft -
5q mounted in a drive housing 6z and connected through. .'

a connsctlnﬂ rod 7a to -a lever 8a. The lever 8a. is

connected to the work. member or trough 1a through a 4o

‘lever fulcrum bracket 84. The other- end of the lever
Sa carries a mass 19a that is sandwiched between a pair

 of air springs 12 held in a bracket 13 connected to the

13 is braced by a strut'14 to- prowde rigidity. ‘The air

-springs 12 are pneumatlcally connected through flexible -4

- connection lines 15 and an- ad]ustable pressure regulator
16 to an. air pressure supply pipe 17.

. chambers having fiexible but non-stretchable side walls,

 such as those sometimes used as automobile suspensmn
-sprmgs that the spring rate of an individual spring
- is not linear with displacement but rather increases non-
- “linearly as the hslght of the spring decreases.
~when two air springs are used as a pair in- opposition,

However,

figure the nonlinear characteristics of

as ﬂlustrated in the

‘one substant1a1 1y ‘cancels the nonlinear characteristics of
. the other so that the. combination presents ‘a spring Tate
‘that is substantially constant with dlsplacement and Whlch- '-

varies with the inflation. pressure.
A single air sprmg can be used in this system prowded

. ‘that the other air spring is replaced with a spring havmg

The lower end of the bracket -

It:is a character-
.istic of the air springs, which -are inflated pneumatic

necting rod 21 but at a lesser stroke.
deflection of the adjustable spring 26 is equal to the sum
of the motions of the member 23 and the mass 25. This
‘condition is illustrated by the branch 39 of the .curve

50

the inertia force of the mass

the inertia force of the conveyor deck at the operating
frequency.
The second arm of the lever 22 havmg the length C

is connected to a mass 25 which 1n turn- 1s connected

through an adjustable’ sprmﬂr 26 to the member 23. In
the event the conveyor is tuned-to have a resonant fre- -

quency below the operating speed the spring 24 of FI""‘

3 would be replaced by an equivalent mass. |
As indicated- above, when the adjustable sprmg such'
as the sprmg 256, is adjusted for low or zero spring rate
the lever 22 is-free to rotate except as it 1is restrained by
25, . Therefore, with the

condition of tuning illustrated, i.e., the resonant frequency

- of the conveyor being above the operstmcr speed, the force
-apphed to the conveyor member or member 23 of FI1G.

3 is out of phase with the motion of the connecting rod

'21. Thus as the connecting rod 21 approaches the right

hand end of its stroke with the mass 25 defiected to.the
right from the position shown, it is being decelerated and

the resulting force applied through the lever to the. mem-

ber 23 acts toward the left. As the spring rate of the
cwphng sprmﬂ' is increased from the zero condition, the
spring applies a force to the member 23 corresponding to
the relative deflection of the mass 25. Therefore, when

the ‘mass 25 is at the right hand end of its stroke corre-

sponding to the connecting rod 21 also. being at the right
hand end of its stroke, the spring 26 applies a force acting

‘toward the right to the member 23 and thus in opposition
1o th,... force applied through the lever and acting to the

left. This condition is indicated in FIG. 4 which rep-
ressnts the net force *tpphed to the work member or to

“the spring 24 of FIG. 3 for various conditions of tuning
-of the adjustable. sprmg 26 corresponding to the adjhsfable
sprinng 11 or the air springs 12.
- this condition of tuning the work member 1 or the mem- -

It may be noted that in.

ber 23 of FIG. 3 moves counter to the motion of the.con-
~Thus the actual

g shown in FIG. 4.

At the other cstrsme of tuning, Jmth the sprmg rate of

5 the adjustable spring set for a very large value correspond-

ing'to a very stiif spring approaching a solid connection,

| “there -is very little if any relative movement between the

. mass 25 and the member 23 and therefore there: is. no-
~ rotation of the lever 22 and both ends of the lever there-

' 60

a spnnﬂ' rate generally equal to the spring rate of the air -

SPring fwhen inflated” to appmxunately half its maximu m
| '_workmfr pressure,
~approximately the same manner except that the neutral -

‘Such a substituted system performs in

~ or rest position-of the mass 10aq varies with the inflation

| pressure However, the range of spring rates available

- in this arrangement are qmte small and the use of a pEllI‘
~ of opposed air springs is preferred.

FIGS. 3 and 4 are included to more clearly 111ustrate '

the dynamic conditions. that exist in the drive constructed
jaccordmg to the invention. -
crank 20 having a radius R drives a connecting rod 21
‘that is connected to an intermediate pwot point -of a
lever 22 the overall length of Whlch is- equal to B—LC

. work member.

 the mass 25 and a fixed point, the condition of tuning to
| accomphsh the zero force transmission would occur when
“the spring 26 and the mass 25 were in resonance with the

‘As illustrated in FIG. 3 a

fore apply force to the member 23 in phase, the amount

of the force. developed depending upon the spring rate and
- deflection of the spring 24 representing the tuned system.
— This ‘condition is indicated by the right. hand end 31 of
- th

curve shown in FIG. 4.

At an intermediate: ad]ustment of tbe sprmg rate of the -
'- adjusi,able spring,

a point 32 is reached -at which there
is no net force apphed from the connecting rod to-the
if the spring 26 were connected between

speed of operation of the crank 29.: If in the illustrated
system the mass 25 and spring-26 are resonant at the

cperating speed and are driven to a substantial amplitude

7;) of wbratmn the force in the connecting- rod 21 is quite
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small but the spring force of the spring 26 is applied to

the member 23. This is a force in phase with the motion
of the mass 25 and hence in phase with the motion of the
connecting rod 21 and would be a force represented by
a point on the branch of the curve between the point 32
and the point 31. The point 32 is reached, from the
resonant condition, when the spring rate of the adjustable
spring 26 is reduced in the proportion of the length C of
the lever arm to the total length of the lever from the
spring rate at which the mass 25 is resonant on the spring.
‘This is the condition that the force transmitted through
the lever directly to the member 23 is equal and opposite
to the force transmitted through the lever and mass 25
and adjustable spring 26 to the member 23.

In a practical use of this arrangement the mass 25 or
the mass 19¢ Sandwiﬂhed*beiwefe;n the pneumatic springs
i1s made quite small so that the quasi-resonant condition,
“the condition of no force transmission, occurs at a relative
low spring rate of the adjustable spring K. The operation
is then confined fo that branch of the curve in FIG. 4
lying between the points 32 and 31, the full amplitude of
vibratory motion occurring near the point 31 which repre-
sents a practically direct connection between the connect-
ing rod 7 and the work member 1.

The advantages of this type of system over the use of
the air springs directly in series with the connecting rod
resides in the ability of this arrangement to reduce the
transmitted force to zero with a non-zero spring rate as

well as the provision of a substantially direct connection

to the work member at the higher spring rates.
Various modifications of the arrangement shown may
be made such as varying the order of the pivots in the

lever 8 without departing from the spirit and scope of
the invention.

Having described the mventmn I claim:

6

that support the work member from the base for vibration

- at a resonant frequency, a lever having a first point pivot~

10

ally connected to the work member, a mass on the lever

remote from said first point, tunable resilient means con-
necting that portion of the lever carrying said mass to the

work member, a crankshaft journaled on the base that

1s driven at a speed in the order of but not equal to the

resonant frequency of the work member on the support
means, a connecting rod connecting the crankshaft to a
point of the lever intermediate the mass and the first point,
and means for tuning the tunable resilient means. ‘
4. A vibratory drive system that comprises, in com-

- bination, a base, a work member, resﬂlent support means

15

that support the work member from the base for vibra-
tion at a resonant frequency, a a lever having a pair of
spaced apart pivot points and a mass remote from said

~ poinis, one of said points being connected to the work
- member, tunable resilient means connecting the mass to

20

the work member, a crankshaft journaled on the base
that is driven at a speed near but not equal to said
resonant frequency, a connecting rod connected from said
crankshaft to the other of said pair of points, and means

. for tuning said tunable resilient means.

29

5. A Vlbratc)ry drive system that comprlsus, in coms
bination, a base, a vibratory work member, means for
supporting the work member from the base for movement.
along a work path, a lever having a pair of spaced apart
pivot points and a mass spaced from said points, one of

- said points bemg connected to the work member, means

30
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1. A vibratory drive system that comprises, in com-

bination, a base a work member, resilient means support-
ing the work member from the base, a differential mech-
anism having a first point connected to the work member,
a mass connected to another point of the mechanism,

‘member, a crank shaft that is journaled on the base, said
crankshaft being operated at a substantially constant speed

and being connected to the differential mechanism, and

means for tuning said tunable resilient means.
2. A vibratory drive system that co mprises, in com--

40
tunable resilient means connecting said mass to the work -

45

bination, a base, a work member, resilient means support- -

ing the work member from the base and cooperating with
the work member to form a resonant system, a lever
having a first point connected to the work member, a mass
carried on the lever remote from the first point, tunable
resilient means connecting the mass to the work member,

50

a crankshaft journaled on the base that is rotated at a

speed that is near but not equal to the resonant frequency
of the work member on its support means, a connecting
rod connecting the crankshaft to said leV‘“I' at a point

o0

separated from said mass and said first pomt and means |

for tuning the tunable resilient means.

3. A vibratory drive system that Comprises, in com-

fixed relative to the base for applying vibratory force to

‘the other of said points, tunable resilient means connect~

ing the mass to the work member, and means for tumng N
the tunable means.

6.. A vibratory drive system that compnses in com-

bination, a base, a vibratory work member, means sup- -

porting the work member from the base for movement
along a work path, a lever having a mass carried on one
end, tunable resilient means connecting the mass to the
work member, pivot means connecting a point of the lever
remote from the mass to the work member, a crankshaft
journaled on the base that is driven at a substantially -
constant speed, a connecting rod connected between the
crankshaft and a point of the lever intermediate the mass

- and the first point, and means for tumng the tunable
-1es:111ent means. - | |

References Citlet! by the Examﬁier -
UNITED STATES PATENTS

1,722,767 7426

7/29  Schieferstein e
2,947,181  8/60 Carrieretal. oo _._ 74—26
- 2,947,410 8/60 Carrier oo ___ T74—26
- .2,984.339 5/61 _Musschoot e e e e 74—87 X
3,019,889  2/62 Carrier. -
3,024,663 3/62 Carrier oo _ 74—26
- FOREIGN PATENTS o
515267 1/31 Germany.
495,498 11/38 Great Brltam -

bination, a base, a work member, resilient support means 90 BROUGHTON G. DURHAM Pri zmary Exammer



	Drawings
	Front Page
	Specification
	Claims

