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VIBRATORY CONVEYOR APPARATUS
WITH PHASE-OPTIMIZED CONVEYOR
DRIVE

ting reduction in drive connection strength, bearing and
shaft siZes, etc., thus permitting the present arrangement to
be more economically manufactured than previous construc
tions.
In accordance With the illustrated embodiment, a vibra

TECHNICAL FIELD

tory conveyor apparatus embodying the principles of the

The present invention relates generally to a vibratory

present invention includes an elongated conveyor bed, and

conveyor apparatus, and more particularly to a conveyor

a vibratory conveyor drive attached to the conveyor bed for

apparatus having an improved differential motion vibratory
drive With eccentric Weights of the drive mounted in a

phase-optimiZed con?guration for increasing the velocity of
material conveyed by the apparatus.

inducing vibratory motion in the bed. The induced vibratory
10

second parallel pairs of counter-rotating drive shafts rotat

BACKGROUND OF THE INVENTION

Vibratory conveyors are Widely used for material
handling, and typically include a generally elongated con
veyor bed, and an associated vibratory drive. Operation of
the vibratory drive induces vibratory motion in the conveyor
bed, Which motion in turn induces movement of articles

motion of the conveyor bed thereby effects conveyance of
articles in a conveying direction along the length of the bed.
The vibratory drive comprises a frame, and ?rst and
ably mounted on the frame. A drive arrangement, illustrated

15

as including an electric motor and a system of drive belts,

effects conjoint rotation of the ?rst and second counter

rotating drive shafts, With the drive arrangement preferably

along the bed. Vibratory drives for such devices typically

con?gured to effect differential motion of the ?rst and
second pairs of shafts by rotation of the ?rst pair of shafts at
tWice the rotational speed as the second pair of counter

include one or more pairs of counter-rotating shafts having

rotating shafts.

eccentrically-mounted Weights thereon for inducing the

The present vibratory drive further includes ?rst and
second eccentric Weight sets respectively mounted on the

desired vibration of the conveyor bed.

One type of vibratory conveyor arrangement, sometimes

?rst and second pairs of counter-rotating shafts. The ?rst
referred to as a four shaft differential motion conveyor, 25 Weight set includes at least one eccentric Weight mounted on

includes a vibratory drive including ?rst and second pairs of
counter-rotating drive shafts, With one pair of drive shafts
operated at tWice the speed of the second pair. This type of
vibratory drive arrangement has been found to induce sub
stantially planar, sloW forWard and fast rearWard motion,
Which is Well suited for gentle handling of delicate materials,
such as potato chips, ?aked cereals, and the like. In this

each of the ?rst pair of drive shafts for rotation thereWith,
With the second Weight set similarly including at least one
eccentric Weight mounted on each of the second pair of drive
shafts for rotation thereWith.
As noted, the ?rst eccentric Weight set is eccentrically
mounted to induce ?rst reciprocable vibratory forces Which

are out-of-phase With second reciprocable vibratory forces
induced by the second eccentric Weight set. It is preferred

arrangement, the vibratory drive is con?gured such that the
half-speed and full-speed drive shafts are synchroniZed, or

operated in phase, such that the vibratory forces induced by
the eccentrically mounted Weights cyclically add in one
direction, and cyclically subtract in the other direction. The
drive is con?gured such that the addition of vibratory forces

35

induce reciprocable vibratory forces along a line substan
tially parallel to the conveying direction of the conveyor

apparatus.

acts in the direction opposite to the material ?oW, causing a
fast pull-back of the conveyor bed. In contrast, the vibratory

The ?rst vibratory forces induced along this line are
out-of-phase With the second vibratory forces in that the
maXimum values of the ?rst vibratory forces along the line

forces subtract from one another in the direction of material

?oW, thereby causing the vibratory bed to sloWly move
forWard in the direction of material feed.
The present invention contemplates an arrangement

Whereby eccentric Weights of a differential motion vibratory
drive are con?gured to provide out-of-phase inducement of

are non-synchronous With the maXimum values of the sec

ond vibratory forces along the line. In a presently preferred
45

vibratory motions, thereby substantially increasing the feed
rate of material being conveyed, Without any change in the
rotating and balance of the shafts of the drive.
SUMMARY OF THE INVENTION

A vibratory conveyor apparatus, and vibratory conveyor
drive, embodying the principles of the present invention
includes ?rst and second pairs of counter-rotating drive

Other features and advantages of the present invention
Will become readily apparent from the folloWing detailed
55

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective vieW of a vibratory conveyor

apparatus embodying the principles of the present invention;

Weights is a substantial increase in the feed rate of the

conveyor (on the order of ?fty percent) for the same rotating
be achieved as in a non-optimiZed system, thereby permit

description, the accompanying draWings, and the appended
claims.

respectively mounted. In distinction from previously knoWn
vibratory drives, the eccentric Weights of the present vibra
tory drive are arranged such that vibratory forces induced by
the ?rst set of Weights are out-of-phase With the vibratory
motion induced by the second eccentric Weight set. The net
effect of this phase optimiZed con?guration of the eccentric

tional vibratory drive. Thus, the same material ?oW rate can

arrangement, the ?rst and second eccentric Weight sets are
mounted such that the maXimum values of the ?rst vibratory
forces are induced along the line at 45 degrees of rotation of
the ?rst drive shafts after maXimum and minimum values of
the second vibratory forces are induced along the line. By
this arrangement, substantially greater feed rates are
achieved for materials being handled by the conveyor appa
ratus.

shafts upon Which ?rst and second eccentric Weight sets are

imbalance on the drive shafts When compared to a conven

that the ?rst and second sets of eccentric Weights are
mounted on the ?rst and second pairs of drive shafts to

65

FIG. 2 is a perspective vieW of the vibratory drive of the
conveyor apparatus shoWn in FIG. 1;
FIGS. 3 and 4 are respectively, top and side vieWs of the
vibratory drive shoWn in FIG. 2;
FIGS. 5A—D and 6A—D are diagrammatic vieWs respec

tively illustrating the motion of eccentric Weights of a

5,938,001
3
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previously known vibratory drive and of the vibratory drive
of the present invention; and
FIGS. 7 and 8 are graphical representations illustrating

trained about a drive pulley 38 mounted on the upper one of

?rst drive shafts 24, With the drive belt 36 in turn effecting
driven rotation of the loWer one of ?rst drive shafts 24 via
a pulley 40, and the desired counter-rotation of second drive

the theoretical velocities of conveyor beds, and material

shafts 26 by respective pulleys 42, 44. Suitable idlers 45

conveyed thereon, of a previously knoWn vibratory drive,

maintain the desired tension in the drive belt 36. By virtue

and a vibratory drive embodying the present invention.

of the differing diameters of pulleys 38, 40, and pulleys 42,

DETAILED DESCRIPTION

While the present invention is susceptible of embodiment
in various forms, there is shoWn in the draWings and Will
hereinafter be described a presently preferred embodiment,
With the understanding that the present disclosure is to be
considered as an exempli?cation of the invention, and is not
intended to limit the invention to the speci?c embodiment
illustrated.

10

44, ?rst drive shafts 24 are rotatably driven at tWice the
rotational speed of second drive shafts 26.
In order to induce vibratory motions in the conveyor bed

12, the vibratory drive 14 includes ?rst and second eccentric
Weight sets respectively mounted on the ?rst and second

pairs of counter-rotating drive shafts. The ?rst Weight set
includes at least one eccentric Weight mounted on each of
15

?rst drive shafts 24, With the illustrated embodiment includ
ing tWo ?rst eccentric Weights 46 mounted on the upper one

of drive shafts 24, generally at the center thereof, and tWo

With reference ?rst to FIG. 1, therein is illustrated a

?rst eccentric Weights 48 mounted on the loWer one of drive

vibratory conveyor apparatus 10 embodying the principles

shafts 24, generally at respective opposite ends thereof.

of the present invention. The conveyor apparatus 10 includes
a generally elongated conveyor bed 12 along Which material
to be conveyed is carried, generally in the direction indicated
by the arroW C shoWn in FIG. 1. A vibratory drive 14,

Similarly, the second eccentric Weight set includes at least
one Weight mounted on each of the second drive shafts 26.

In the illustrated embodiment, a pair of second eccentric
Weights 50 are mounted on the upper one of second drive

embodying the principles of the present invention, is
attached to the conveyor bed 12 Whereby operation of the
vibratory drive induces vibratory motion in the conveyor
bed along a line substantially parallel to the conveying
direction of material moving along the conveyor bed.

shafts 26, generally at respective opposite ends thereof, With
25

While the speci?c Weight of each of the ?rst and second
Weights can be varied While keeping With the principles
disclosed herein, in a presently preferred embodiment, the
?rst Weight set collectively Weighs less than the second
Weight set. In the illustrated embodiment, each of the four

The conveyor bed 12 and the vibratory drive 14 are
mounted on a series of isolation supports 16 each including
one or more isolation rocker legs 18 Which suspend the
conveyor bed and drive from isolation A-frames 20. The

second Weights 50, 52 Weighs approximately three times
each of the four ?rst Weights 46, 48.

rocker legs 18 are typically connected With the A-frames, the
conveyor bed 12, and the associated drive 14 With suitable
bolts or other mechanical fasteners extending through rubber

a pair of second eccentric Weights 52 mounted on the loWer
one of second drive shafts 26, generally at the center thereof.

With reference noW to FIGS. 5A—D and 6A—D, the
35

optimiZed arrangement of the eccentric Weights 46, 48, and
50, 52 is diagrammatically illustrated, in comparison to a

bushings press-?tted into opposite ends of the rocker legs
18. This arrangement alloWs the conveyor bed and drive to
move smoothly forWard and backWard along a pendular arc.

typical four shaft differential motion vibratory drive (With

Thus, the isolation mounting arrangement effects mounting

the associated conveyor bed 12). As illustrated in FIG.
5A—D, a conventional drive is con?gured such that the

arroWs illustrating the direction of material conveyance on

of the conveyor bed and vibratory drive for pendular arcuate

eccentric Weights, designated W1 and W2, of the ?rst and
second pairs of counter-rotating shafts (Wherein the ?rst
shafts rotate at tWice the speed of the second shafts) provide

movement.

With particular reference to FIG. 2, therein is illustrated
the vibratory drive 14 of the conveyor apparatus 10. The

a generally additive effect, that is, the maximum values of

vibratory drive 14 is sometimes referred to as a four shaft 45 the vibratory motions induced by the Weights are in phase

differential motion drive, in that it includes ?rst and second

and synchroniZed With each other. Thus, When the maximum
vibrational forces induced by second Weights W2 extend
along a line perpendicular to a plane extending through the

pairs of counter-rotating drive shafts, Wherein the ?rst pair
of drive shafts are driven at tWice the rotational speed of the

second pair of drive shafts.

drive shafts, the vibratory forces induced by the ?rst eccen
tric Weights W1 are also induced along the line. By virtue of
the differential speeds at Which the respective drive shafts

The vibratory drive 14 includes a frame 22 With a ?rst pair

of counter-rotating drive shafts 24, and a second pair of
counter-rotating drive shafts 26 rotatably mounted in the
frame 22. The ?rst and second pairs of shafts are parallel to
each other, With the ?rst shafts 24 mounted in vertically
aligned relationship, and the second shafts 26 also mounted

are rotated, the maximum vibrational forces are added in one

direction, and subtracted in an opposite direction.
Reference noW to FIG. 6A—D shoWs the con?guration of
55

the eccentric Weights of the present vibratory drive, Which

in vertically aligned relationship, and in laterally spaced

are mounted in an out-of-phase arrangement so that the

relationship to the ?rst shafts 24. Suitable bearings provide

maximum values of the vibratory forces of the ?rst eccentric
Weight set are induced along a line (extending perpendicular
to a plane through the ?rst drive shafts) out-of-phase With
the maximum values of the vibratory forces created along
the line by the second Weight set. Thus, as the ?rst and
second drive shafts are rotatably driven, maximum values of
?rst vibratory forces are cyclically induced in opposite
directions along the aforementioned line attendant to rota
tion of each of the ?rst shafts, and maximum values of
second reciprocable vibratory forces are induced in opposite
directions along the line attendant to each rotation of the

the desired rotatable mounting of the drive shafts 24 and 26.

A drive motor 28, preferably comprising an electric
motor, operates through the primary drive belt 30 to effect
driven rotation of the upper one of drive shafts 24 via a drive

input sheave 32. An idler 34, Which may be con?gured as a
Lovejoy idler, maintains the desired tension in the drive belt
30.

Conjoint rotation of the drive shafts 24, 26 for counter
rotation is effected via a drive belt 36. The drive belt 36 is

65
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said vibrating drive further including ?rst and second
eccentric Weight sets, said ?rst Weight set including at

counter-rotating second drive shafts. The maximum values
of the ?rst vibratory forces are induced along the line
out-of-phase With the maximum values of the second vibra

least one eccentric Weight mounted on each of said ?rst

tory forces, With a presently preferred arrangement con?g

pair of drive shafts for rotation thereWith, and said

ured such that the ?rst and second Weight sets are mounted
so that the maximum values of the ?rst vibratory forces are

second Weight set including at least one eccentric
Weight mounted on each of said second pairs of drive
shafts for rotation thereWith,

induced along the line at 45 degrees of rotation of the ?rst
drive shafts after maximum and minimum values of the
second vibratory forces are induced along the line.
FIGS. 7 and 8 graphically illustrate and compare the
theoretical motion of the vibratory conveyor bed 12, and
material carried thereon. FIG. 7 illustrates the motion of the
bed, and conveyed material, as provided by a conventional
four shaft differential motion vibratory drive, as diagram
matically shoWn in FIG. 5A—D. In contrast, FIG. 8 illustrates
graphically the motion of the conveyor bed 12, and material
conveyed thereon, as driven by the vibratory drive 14
embodying the principles of the present invention. As Will be
observed, substantially increased material feed rates are

said ?rst eccentric Weight set being eccentrically mounted
to induce ?rst reciprocable vibratory forces in opposite
directions along a ?rst line and having a ?rst maximum

value, and said second eccentric Weight set being
eccentrically mounted to induce second reciprocable
vibratory forces in opposite directions along a second
line and having a second maximum value, said ?rst and
15

acute angle of rotation of one member of said ?rst pair

of counter-rotating drive shafts.
2. A vibratory conveyor apparatus in accordance With
claim 1, Wherein
said means for rotatably driving said drive shafts drives

achieved by the vibratory drive con?gured in accordance
With the present invention.
The above-described con?guration of the ?rst and second
Weight sets of the vibratory drive 14 are con?gured such that

the ?rst Weight set, including Weights 46, 48, induce ?rst
reciprocable vibratory forces along the line perpendicular to
a plane extending through the ?rst drive shafts 24, 24, With
maximum values of the ?rst vibratory forces being cycli
cally induced in opposite directions along the line attendant

said ?rst pair of drive shafts at tWice the rotational

25

to each rotation of the counter-rotating ?rst drive shafts.
Similarly, the Weights 50, 52 of the second Weight set are
mounted on the second pair of drive shafts 26, 26 to induce

second reciprocable vibratory forces along the aforesaid
line, With maximum values of the second vibratory forces

being cyclically induced in opposite directions along the line
attendant to each rotation of the counter-rotating second
drive shafts 26, 26. Maximum values of the ?rst vibratory
forces are induced along the line out-of-phase With maxi
mum values of the second vibratory forces to optimiZe the
material handling characteristics of the associated conveyor
bed 12. In the illustrated embodiment, the ?rst and second

35

a frame;

?rst and second parallel pairs of vertically aligned,
counter-rotating drive shafts rotatably mounted on said

frame;
means for rotatably driving said drive shafts so that said
?rst pair of drive shafts are driven at tWice the rota
45

rotation thereWith to induce ?rst reciprocable vibratory
forces along a line perpendicular to a plane extending
through said ?rst drive shafts, maximum values of ?rst

vibratory forces being cyclically induced on opposite
directions along said line attendant to each rotation of
55

cable vibratory forces along said line, maximum values
of said second vibratory forces being cyclically induced

a vibratory conveyor drive attached to said conveyor bed

for inducing vibratory motion in said conveyor bed for
thereby effecting conveyance of articles in a conveying

direction along said bed,
said vibrating drive comprising a frame, ?rst and second

drive shafts,

said counter-rotating ?rst drive shafts,
said second Weight set including at least one eccentric
Weight mounted on each of said second pair of drive
shafts for rotation thereWith to induce second recipro

1. A vibratory conveyor apparatus comprising:

on said frame, and means for rotatably driving said

tional speed of said second pair of drive shafts; and
?rst and second eccentric Weight sets,
said ?rst Weight set including at least one eccentric Weight
mounted on each of said ?rst pair of drive shafts for

an elongated conveyor bed; and

pairs of counter-rotating drive shafts rotatably mounted

claim 1, including
6. A vibratory conveyor drive, comprising:

angular orientation.
From the foregoing, it Will be observed that numerous
modi?cations and variations can be effected Without depart
ing from the true spirit and scope of the novel concept of the
present invention. It is to be understood that no limitation
With respect to the speci?c embodiment illustrated herein is
intended or should be inferred. The disclosure is intended to
cover, by the appended claims, all such modi?cations as fall
Within the scope of the claims.
What is claimed is:

speed of said second pair of drive shafts.
3. A vibratory conveyor apparatus according to claim 1,
Wherein said ?rst and second lines are substantially parallel
to said conveying direction.
4. A vibratory conveyor apparatus in accordance With
claim 1, Wherein
said ?rst pair of drive shafts are mounted in parallel,
vertically aligned relationship on said frame, and said
second pair of drive shafts are mounted in parallel,
vertically aligned relationship on said frame, and in
laterally spaced relationship to said ?rst drive shafts.
5. A vibratory conveyor apparatus in accordance With
means for mounting said conveyor bed and vibratory
drive for pendular arcuate movement.

eccentric Weight sets are mounted so that maximum values

of the ?rst vibratory forces are induced along the aforesaid
line at 45 degrees of rotation of the ?rst drive shafts 24 after
maximum and minimum values of the second vibratory
forces are induced along the line. HoWever, it Will be
appreciated that the eccentric Weight sets can be positioned
in an out-of-phase relationship other than at this speci?c

second maximum values being out-of-phase by an

65

in opposite directions along said line attendant to each
rotation of said counter-rotating second drive shafts,
Wherein said maximum values of said ?rst vibratory
forces are induced along said line out-of-phase by an
acute angle of rotation of said ?rst drive shafts With said
maximum values of said second vibratory forces along
said line.

5,938,001
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7. Avibratory conveyor drive in accordance With claim 6,
Wherein
said ?rst and second eccentric Weight sets are mounted so

8
said drive means comprises an electric motor and drive
belt means operatively connecting said motor With said
?rst and Second drive Shafts

that maximum values of said ?rst vibratory forces are
9- Avibratcry conveyor drive in accordance With claim 6,
induced along said line at 45 degrees of rotation of said 5 Whcrcln
?rst drive shafts after maXimum values of said second
said ?rst Weight set Weighs less than said second Weight
vibratory forces are induced along said line.
set.
8. A vibratory conveyor driver in accordance With claim
6, Wherein
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