Kinematic Analysis of a Novel Vibratory Bowl Feeder
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Abstract. This study aims to propose a kinematic analysis approach for a novel vibratory bowl feeder, and
verify its feasibility by kinematic simulation. First, the novel design is presented, and its advantages compared
with conventional feeders are described. Moreover, the equations for kinematic analysis are derived. Finally, the
solid model for the proposed design is established, and then kinematic simulation is performed by ADAMS
software. The simulation results indicate that the proposed design can effectively advances the part with high
efficiency.

1. Introduction

A feeder (conveyor) refers to a machine that can continuously or intermittently transport parts
according to the specified route. Since the feeder can perform the operations of screening, classifying,
and orienting, and etc., it is extensively used in production and manufacturing, e.g., in electronic,
mechanical, food, medical, and chemical industries. Nowadays, it is one of important and
indispensable automatic machinery.
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Figure 1. Vibratory bowl feeder [1]. Figure 2. Inline vibrating feeder [2].

Vibratory feeders consist of troughs or tubes flexibly supported and vibrated by mechanical or
electrical means to convey objects or bulk materials.Vibratory feeders could be classified into the
vibratory bowl feeder and the inline vibrating feeder by the moving path of the part or the shapes of
the trough, as shown Fig. 1 and Fig. 2, respectively. The parts on feeders move along their tracks as a
result of the vibration produced by the feeder. A vibratory feeder has the disadvantages of huge
volume, short distance of transportation, large noise, and easy damage to the parts. In addition, its
service life may be reduced due to the fatigue induced by vibration. Therefore, there have been many
attempts to improve its performance.

In 1971, Gladwell and Masour [3] established the theoretical model for the vibrating feeders. In
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1972, Mansour [4] formulated the theoretical model of inline vibrating feeders, and investigated the
effect of conveyor parameters on the motion of conveying parts. During 1990, El-Shakery et al. [5]
conducts the analysis and design of inline feeders driven by linkages. In 2005, Ting et al. [6] proposed
an inline conveyor driven by a bimorph piezoelectric actuator, and its dynamic modeling, driving
control circuit design, motion trajectory analysis, and optimal transport feed are examined. In 2010 &
2012, Hsieh & Tsai [6-7] proposed a novel inline vibrating feeder, and. presented its approach of
design and analysis, respectively.

The purpose of this study is to propose a novel vibratory bowl feeder, and verify its feasibility by
kinematic simulation. In Section 2, the proposed new feeder will be presented. Then, Section 3 will be
devoted to conduct the kinematic analysis. Furthermore, Section 4 will define the advancing efficiency
for evaluating the performance of the feeder. In Section 5, kinematic simulation will be carried out
with a specified example. Finally, conclusions will be drawn in Section 6.

2. New feeder

Fig. 3 shows the proposed new vibratory bowl feeder. The feeder is composed by a motor, a variable
speed coupling (generalized Oldham coupling), and a bowl. The motor and the reducer are connected
by the constant speed coupling, and then drive the bowl through the variable speed coupling. Since the
variable speed coupling, in the proposed system, can be easily replaced with various dimensions of the
coupling, or changed with different assembly configurations. Hence, the angular displacement,
velocity, and acceleration of the output can be adjusted to meet different motion requirements with
proper design.
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Figure 5. Equivalent mechanism.

Since only a mechanism with one degree of freedom is used, the structure of the proposed system is
simple and reliable, and the building cost is low. Moreover, the coupling can act as a flywheel, hence
the proposed system is energy effective, and can produce larger impulsive forces. Compared to existed
feeders, the proposed feeder can produce more complicated motion, if a proper design is conducted.

Fig. 4 and 5 show the generalized Oldham coupling [8] and it’s kinematically equivalent
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mechanism, respectively, employed in the proposed feeder. Points ao and ¢ denote the axes of rotation
of the input and output disks, respectively. Points a and b denote the arc centers of the slots of the
input and output disks, respectively. And point o is the point of intersection of the two arcs. Moreover,
oa =r and ob =r; are the radii of the circular slots of input disk and output disk, respectively.

3. Kinematic analysis

The main approaches for kinematic analysis of closed loop mechanisms are relative
velocity/acceleration, vector loop, and matrix loop approaches. The vector loop approach can be easily
computerized and is suitable for the analysis of planar mechanisms, therefore it is adopted for the
kinematic analysis in this study.

Figure 6. Vector representation.

3.1. Position analysis
Fig. 6 shows the vector representation of the proposed design. It has two independent vector loops,
and their equations can be formulated as

)
)

F AR —F —F =0 (1)

3

Eq. (1) can be resolved into its x and y components, respectively, as
r,cos88, +r,cosb, —r,cos@, —r,cosf, =0 2)
r,sin@, +r,sin@, —r,sin@, —r,sinf, =0 3)
where 6 is set as 0. Rearranging Eqs. (2) and (3), we have
r, €080, =—r,cosb, +r,cosb, +r, “)
rsiné, = —r,sinf, +r,sin 6, ®)

The square sum of Egs. (4) and (5) can be found to be

Acos6, + Bsinf, =C (6)
where
A=2r,(v,—r,cos6,) @)
B=-2r,r,sinb, ®)
C=("-r’—r’—nr’)+2rrcosb, (&)

Dividing Eq. (6) by v 4> + B> and simplifying it, we obtain
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C

cosgcosf, +singsinf, =——— (10)
NA+ B’
where
cos¢=L (11)
A+ B
and
Sing = ——> (12)

VA + B
Applying the adding formula of trigonometric functions to Eq. (10), then the closed form of 64 can
be solved by

C
0,=¢+cos | ———— 13
@+ cos { - } (13)

Dividing Eq. (5) by Eq. (4), and then followed by rearrangement, it yields

6, = tan"" { r,sin6, —r, sin 6, } (14)

n +r,cosb, —r,cosd,

3.2. Velocity analysis

Velocity analysis can be worked out by differentiating the equations deduced in position analysis with
respect to time. Due to the limit on the number of pages, the results for velocity and acceleration
analysis are presented directly without proofs. For velocity analysis, their deduced equations are

0’ :iSiI'l(g4 —02)0'

15
r, sin(@, - 6,) (13)

6, =250 20 (16)
r, sin(@, —6,)

3.3. Acceleration analysis
Acceleration analysis can be performed by differentiating the equations derived in velocity analysis
with respect to time. The derived equations are

9; _ FH - EI (17

DH - EG
g, - PI=1G (18)

DH - EG

where

D =—r,sind, (19)
E=r,sin6, (20)
F =r,sin0,8, +r,cos0,6,> +r,cos0,0,” —r, cos6,0,’ (1)
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G =r,cosb, (22)
H =-r,cos6, (23)
I=-1,0,cos6, + 1,0, sinb, +r,0,”sinb, —r,0,” siné, 24)

4. Advancing efficiency

If the absolute value of the negative acceleration is higher than the maximum static friction Fj,
between the part and the tough surface, then the part will advance on the trough. On the contrary, if the
positive acceleration is higher than Fy, then the part will move backward. The former is much larger
than Fy, and the later is only slightly higher, therefore the part will effectively advance on the trough.
In this work, the net advance s, is defined as

Sn :Sa _Sb (25)

where s, and s, are the distances of advancing and retreating, respectively. Moreover, the advancing
efficiency # of the conveyer is defined as the ratio of the net advance to the distance of advance
forward, i.e.,

S
n=-2 (26)

5. Simulation

The kinematic dimensions of a design example are specified in Table 1. The solid model, as shown in
Fig. 6, can then be drawn by CAD software. After that, the model is introduced into ADAMS software
for kinematic simulation, where the input rotational speed of 100rpm and the static friction coefficient,
between the part and the trough, of 0.3 are used in the simulation.

Fig. 8 shows the displacement of the advancing by the simulation. It can be found from the figure
that S, and S; are 304.15 and 30.59mm, respectively. By substituting them into Eq. (25), it yields that
sy in a cycle is 273.56mm. Moreover, the advancing efficiency is 89.94, found by Eq. (26). Therefore,
the proposed feeder is of relatively high efficiency.
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Figure 7. ADAMS model.
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Table 1. Kinematic dimensions.

n ¥ r3 ry

23.52mm 16.51mm 38.98mm 32.02mm
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Figure 8. Advance of the part.

6. Conclusions

In this work, a novel design for vibratory bowl feeder has been proposed. The structure of the
proposed design has been presented. Kinematic dimensions have been identified by investigating its
kinematically equivalent linkage, and then kinematic analysis is conducted subsequently. Kinematic
simulation has been conducted by utilizing ADAMS software, and the feasibility of the proposed
design has been verified. The result has indicated that the proposed new design can effectively
advance the part with high efficiency.

Acknowledgement
The support of the National Science Council, Republic of China (Taiwan), under Grants NSC 95-
2622-E-150-033-CC3 and 97-2815-C-150-002-E is gratefully acknowledged.

References
[1]  Boothroyd G 2005 Assembly automation and product design 2nd edition CRC Press Boca Raton
Florida.

[2] Kruelle C A, Gotzendorfer A, Rehberg I, Grochowski R, Rouijaa M and Walzel P 2005
Granular flow and pattern formation on a vibratory conveyor Springer Berlin Heidelberg.

[3] Gladwell G M L and Masour W M 1971 Proceedings of the Symposium on Computer-Aided
Engineering University of Waterloo Ontario Canada.

[4] Mansour 1972 Trans. ASME J. Eng. Ind. 2 94.

[5] El-Shakery S A, Abou-Elnasr R A and Khidr K M Alex. Eng. J. 4 29.

[6] Hsieh W H and Tsai C H 2010 A study on a novel vibrating conveyor Key Eng. Mater. 419-420
45.

[7] Hsieh W H and Tsai C H 2012 Design and analysis of a novel vibrating conveyors Adv. Sci.
Lett. 9 62.

[8] Freudenstein F, Tsai L W and Maki E R 1984 Trans. ASME J. Mech. 4 475.

©VIBROENGINEERING. VIBROENGINEERING PROCEDIA. NOVEMBER 2013. VOLUME 2. ISSN 2345-0533 97



