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Abstract. In this paper a three-dimension vibrator for fuses’ sand filling, including one-dimension vertically
translation and two-dimension oscillating rotation (1T2R) is presented, which is used to improve the low efficiency in

the process of traditional fuses’ sand filling. The paper starts with a type synthesis of a new kind of 1T2R parallel
mechanism (PM) which is constructed based on the POC set. After two of the driving joints in the PM are substituted
by the spring-damp system, the design propose of single-input and multi-outputs can be realized. Then the kinematics
analysis and simulation optimization of this mechanism was also carried out.

1 Introduction

Fuse is an important component of the smart grid user
end system, some problems still remains in the
production process of the fuse [1]. Since the fuse can
improve the electrical stability and thermal stability of the
electrical appliances [2], [3] and the density of quartz
sand filled in the fuse box has a direct and significant
influence on the breaking performance of the fuse [4]-[6].

Single-dimension sand filling vibration appliances [7],
shown in Fig. 1. (a) (b), are widely used in domestic low
voltage electrical enterprises. As is shown in Fig. 1.(c)
The fuse sand filling unit consists of flexible sand filling
nozzle 1, fuse 2, electromagnetic coil components 3,
spring 4, base 5.
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Figure 2. Expected motion of fuse in the process of sand filling

For the reasons that the traditional single-dimension
vertical vibrator is difficult to meet the requirements of
sand filling density. The paper proposed a novel three-

dimension vibrator for fuses’ sand filling, including one-
dimension vertical translation and two-dimension
rotations (shown in Fig. 2), based on POC set [8].

In comparison to the traditional fuse’s sand filling
vibrator, the two additional rotary vibration of the new
designed PM exerted on the fuse can make the fuse get
oscillated in roll and pitch directions, which can spread
the quartz sands in the fuse uniformly, compact the fine-
grained quartz sands and improve the density of fuse
product.

The paper is organized as follows. The type synthesis
of 1T2R PM is given in section 2. The kinematic analysis
is carried out in section 3. The vibration simulation and
geometry optimization of the 1T2R PM vibrator is carried
out in section 4. Finally, conclusions are drawn in section
5.

2 Type synthesis of PM

The multi-dimension fuse vibration platform can improve
the density of quartz sand filled in the fuse. The platform
needs to achieve a motion of one translation and two
rotations, shown in Fig. 2. The input-output
characteristics of mechanism should meet the
requirement of the decoupled judgment criteria, the POC
1
set of the decoupled PM can be derived as M, = PZ} .

7

2.1 The construction of decoupled PM

For the sake of reducing the control difficulty of the PM,
the decoupled property should be combined with the
mechanism in the design process.

According to the decoupled judgment criteria of the
PM proposed by author of paper [9], the 1T2R PM shown
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in Fig. 3 is selected as the prototype to construct the
multi-dimension vibrator because of its simplicity, and
the structure synthesis and kinematics analysis are given
in detail thereinafter, it consists of two basic kinematic
chains (BKC). One of the loops is a BKC of planar five-
bar loop with two driving translation joints P;, P, and
three revolute joints R;, R,, R;, it can be denoted by
HSOC{-P,LR||R,||R4LP,-}. The other loop is a BKC
consist of a driving joints P;, two spherical joints S}, S,
and a revolute joint R,, it can be denoted by SOC, {-P5-S-
S5-R,-}. The linkage S,R, is the output moving platform,
as is shown in Fig. 3.

Output
Linkage

R

Figure 3. The construction of 1T2R PM

2.2 PM synthesis with the output motion
characteristic matrix

1) POC matrix of each branch end
The POC matrix of the branch end of HSOC, and

SOC, can be expressed as: M, { , 2d12) } , M, :[’1} ,
C et y) CoLr
respectively.
2) POC matrix of the moving platform of the PM
Substitute the POC matrix of the terminal branches of

chain 1, 2 into formula a7, -"'as, [10], the POC matrix

of the moving platform is obtained.

(] 2) £ ¢
M = =
AtV

2.3 The DOF of the mechanism

The POC set of the moving platform is affected by the
degrees of freedom (DOF) of the mechanism, so it’s
necessary to analyze whether the DOF of the PM can
meet the demand of the POC set. According to the
formula of DOF [11], we will obtain:

F=i/’,~—2g=12—(6+3):3 )

Where m-- the number of kinematic pairs
fi-- the DOF of the i th kinematic pair
v-- the number of the independent loops
&1~ the number of the independent loop of
the j th basic loop.

3 Forward kinematics of 1T2R PM

The static and moving coordinate systems are established
as shown in Fig. 4. The angle between the y-axis and the
Y-axis is donated by a, The angle between the x-axis and

the X-axis is donated by f, the angle between the X-axis
and linkage R3R; is denoted by y, The longitudinal
coordinate of the moving platform’s center is denoted by
z. the displacement of shifting pair P;(i=1,2,3) is denoted
by di(i=1,2,3), the distance of each two adjacent joints is
denoted by L;(i=1,2...9).

Figure 4. Coordinate system of 1T2R PM

3.1 The governing kinematics equation of the PM

Project the linkages in loop -P;LR|||R;||R4LP,- to the X-
axis and the Y-axis respectively, and the projection
equation of the loop will be obtained:

L,cosa+ L,cosy =L,
L +d +L,sina+L;siny=L, +d, G)

Since the coordinates of spherical joints Sj, S, must
satisfy the geometry constraint equation below [12], [13]:

(X, =X + (¥, =Y +(Zs, = Z5)' =L 4)

So, the simultaneous equations of the mechanism
kinematics can be expressed as:

L,cosa + Lycosy =1,
L +d +Lsna+Lsiny=0L, +d, (5)
(X, =X+ (g, =Xy ) +(Z, = Z3) =L

3.2 Forward position problem

The purpose of the forward position problem is to obtain
the output parameters, i.e., the position parameters z, a, 5
of the moving platform’s center, and the displacement d,
d,, d; of the shifting pairs P, P,, P; are known.

A+A|A +B -C*
—— (6)

z=L +d, +L,sina=L +d, +L,sin| 2arctan B_C

From Eq. (5), two linear equation in variables a, f are
obtained, expressed in the following way:

Asina + Bcosa+C=0 @)
Dsinf+ Ecos S+ F =0 (®)
From Eq. (7) and Eq. (8), we can obtain:
a2+ -C

B-C

Dix/Dz+E2—FZ

E-F

« =2arctan

f =2arctan
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where

A=2L,(L, +d,-L —d,)

B=2L,L,

C=L-L—(L+d —-L,—d,) —(L,+d, +d,)
D=(Ly+2d,+3L,cosa)L;sina+2(L, +d, —L,)L;cosa
E=-2L1L,

F=-L+L+(GL+d,+1L, cosa) +(L, +d, +L,sina—L,)

3.3 The reduction and selection of the driving
pair

For the reasons that the number of the vibration
generators have an important influence on fuse
vibration’s cost, we propose to reduce the number of the
driving joints to one. Since the loop 1 has partly
symmetry in the structure, the active driving joints in
loop 1 are substituted by the force adaptable elastic
element to realize the design purpose of single-input and
multi-outputs, that is to say the driving pairs P,, P, are
constrained by the spring-damp system based on the
mechanism decoupled principles, and the loop 1 becomes
the force adaptable servo loop. Since only one driver is
needed in this mechanism, the operation cost of the fuse
vibration is reduced. The shifting pair P; is selected to be
the vibration generator and the structure of the PM fuse
vibrator is shown in Fig. 5.(a), and by the usage of the 24
potentiometers, which are shown in Fig. 5.(b), the
vibration mode (working amplitude, pitch angle and roll
angle) of the PM can be adjusted easily.

(@) ()
Figure 5. The mechanism sketch of 1T2R PM vibrator
constrained by the spring-damp system and the potentiometers

4 The simulation and optimization of the
vibrator

Experiment shows that the fuse vibrator with a working
amplitude of 1~2mm, a pitch angle of +2°, a roll angle of
+1° can improve the fuse’s sand filling density and the
efficiency according to process parameters.

Figure 6. The mechanism sketch and 3D graph of the I'T2R PM

4.1 The initial setup of the PM vibrator’s size

The simulation model of the PM is established in
Solidworks, as shown in Fig. 6, and the size of the
mechanism is set up according to the structure and the

dynamic parameters of the vibrator [14]. The PM’s
structure parameters are set as: L;=30mm, L,=220mm,
L;=22mm, L,=40.5mm, Ls=84mm, Ls=22mm, L,=11mm,
Lg=100mm. The stiffness of the springs between the
shifting pairs P;, P, is 5N/mm, and the damping
coefficient is 0.035.

4.2 Dynamic simulation analysis

In order to test the motion performance of the 1T2R PM
vibrator we designed, the motion simulation model of the
vibrator is established in ADAMS, the kinematic pairs
are constrained, and the fuse model is added onto the
center of the moving platform. The final simulation
model is shown as Fig. 7.

Figure 7. The structural diagram of the vibrator in ADAMS

According to the analysis of the type synthesis of the
mechanism, the prismatic pair P; is chose to be the
driving pair, and the driving force is added to it to
generate the vibration, the expression is: d3=10sin(100xt)
mm, 50Hz. The simulation results (the working
amplitude, the pitch angle and the roll angle) of the
moving platform are shown as Figure 8-10.
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Figure 8. Simulation curve of fuse vibrator’s working
amplitude
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Figure 9. Simulation curve of fuse vibrator’s pitch angle
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Figure 10. Simulation curve of fuse vibrator’s roll angle

From the simulation curves above, we can see that the
PM vibrator comes to a steady state after 0.0625s, the
working amplitude and the pitch angle of the fuse
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vibration can meet the production index of mechanical
sand filling, but the roll angle of the vibration is just
+0.43°, and can’t meet the working demand of +1°.

4.3 Model parameter optimization

The model parameter optimization must be carried out to
make the roll angle of the vibration meet the production
demand of mechanical sand filling as well.

By parametrical setting of each point in ADAMS, the
influence of each design variables on the roll angle of the
vibration can be analyzed, and we found that the Z
coordinate of the spherical pair S1, the Z coordinate of
the spherical pair S2 and the Z coordinate of revolute
joint has a great influence on the roll angle of the
vibration.

Then the coordinates of the three reference points are
adjusted to obtain the roll angle of the vibration. By using
the ADAMS to optimize the three design variables, the
coordinates of the design variables and the corresponding
roll angle are optimized. The optimization results are
shown in Table I.

Table 1. The optimization of the roll angle

Roll angle Siz S»z R,z
Initial Value +0.4398° 11.000 | 27.000 | 30.250
Optimization +0.8503° 11.007 | 25.472 | 30.599

To sum up, the optimized size of the 1T2R PM fuse
vibrator, which meet the demand of the mechanical sand
filling working index can be set as: L;=30mm;
L,=220mm; L;=22mm; L[;=40.5mm; Ls=89.629mm,;
L¢=22.572mm; L,=11.258mm; Lg=100mm.

5 Conclusion

(1) To improve the efficiency of the traditional single
dimensional vertical sand filling vibrator, a three-
dimension vibrator based on the decoupled PM for fuses’
sand filling is presented.

(2) The decoupled 1T2R PM is established based on
the POC set and the decoupled criterion.

(3) To reduce the number of the driving joints of the
PM, a creative method of substituting the two prismatic
pairs in loop 1 by spring-damp system is proposed. The
mechanism can provide one vertical translation and two
rotations output motion in the condition of one input
motion.

(4) The motion simulation of the mechanism is
carried out in ADAMS, and roll angle of the fuse
vibration is optimized by using the principle of sensitive
point.
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