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Abstract

The working space is one of the important indexes to measure the working capabhility ofe
parallel mechanism. In this paper, the working space of a new type of 3-PR t\w@l
mechanism is studied. In the beginning, a novel 3-PRS parallel mechanismsi %sed
with the kinematics analyzed, and then the working space and volume a ned by
search algorithm, and the working space is drawn using AB. Fi \ influence
of the structural parameters on the working space is dis&a ywhich piQvjde theoretical

basis for parameter optimization.
Keywords: 3-PRS parallel mechanism; constrai@arkspace\\(ctural parameter.

L

1. Introduction . O N\
The parallel mechanism has % ra \@application on the practical
engineering such as aerospaoeé'\c man% ing and so on, thanks to the
S
I

characteristics of high rigidity, Il inergia, Il accumulated error and compact
structure. For example, 6 es of fré Stewart parallel mechanism has been
n

widely used in aerosp and in roduction [1].Since the appearance of

parallel mechanism wi degree reedom (less than 6 degrees of freedom), it

has also become t\researc pic, and the results of this research have been

achieved [2-4]. er, tw many technical issues to be resolved, such as
acedra

design and_.m turin cy of structural components, complex control,
working s ositi é'tions, etc. Working space is an important measure to
evaluate thésp€rforma parallel mechanism which directly reflects the working
capacity. Besides it is also an important foundation for parallel mechanism
design, motion ning, scale synthesis and so on. [5, 6].For different
organizations,@are many kinds of research methods to design and optimize the
parallel&han m, such as algebraic method, numerical method, random search

method 0 on[7-12].Kang Jian-li et al. [13] used the Monte Carlo method to
descrj working space of the 3-PRS mechanism, Lei Jing-tao [14] analyzed the
) r@ce of 4UPS-UP parallel mechanism using boundary search method, and Ji
a . [15]calculated dimensional size of position workspace and scope of attitude
wofkspace in the solution of different scale using the set of points. In this paper, a
new type of 3-PRS parallel mechanism is introduced, and the working space and
characteristics are obtained by using the search algorithm in different conditions,

which has important significance for the optimization design of 3-PRS parallel
mechanism.

ISSN: 1738-9968 IJHIT
Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

2. Mechanism Model and Inverse Kinematics Analysis

2.1. Summary of 3-PRS Parallel Mechanism

The schematic diagram of the 3-PRS parallel mechanism is shown in Figure 1, and
structural parameters are listed in Table 1. The 3-PRS parallel mechanism
comprises cutter, fixed platform and moving platform, three horizontal guide rails with
120" distribution AB,(i=1,2,3), three vertical slidesPD, (i=12,3) and three identical
branched chains PS. (i=1,2,3) .The cutter is mounted vertically in the center of the
moving platform, and each branched chain contains a connecting rod, a prismatic pair
(P), a Revolute (R) and a spherical pair (S).The fixed coordinate system O — XYZ is
located on the static platform. Axis OX at the point A , and center O is the midpoint of

the A/A, . The dynamic coordinate system O" —xyz is located on the moving plw,
Center O" is located at the tip (or shaft end), and axis O'x at the point S,. z
along the axis of the spindle.

R is circumradius of AAA,, which is located on the i de of theQ al guide

rail. ris circumradius of S S S , which is located on ovmg H. is the

height of PD.. 0 (i=12,3) is the included a g - e een P D.. h is the
distance between the tip and the center of the mo 0 atformw e distance between
the slider D, and the center of the pedestal O'

The 3-PRS parallel machine structure ustable g space has 3 degrees of
freedom that are around X, Y axis rota nd moyement along the Z axis, which is
is

different from the common parallel m, a hree sliding blocks on the base
can be adjusted. In the practical tlon tB\ king space of the 3-PRS parallel
mechanism can be changed g the itioft of the sliding block on the horizontal

guide rail.

Table 1. SK e Pararﬁ& of 3-PRS Parallel Mechanism

Name r\\\‘ R *BI h H R,
Value/mm ,-J@\ 350\0 20 120 0<H<900 350<R <600

Figure 1. The Diagram of the Series-parallel Machine Structure with
Adjustable Working Space
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2.2. Inverse Kinematics Analysis of 3-PRS Parallel Mechanism

Correspondingly, the inverse kinematics analysis of the 3-PRS parallel mechanism is
that the position and attitude parameters of the end effector are known, and the position
parameters of the vertical sliding block are solved. In the fixed coordinate system
O — XYZ, the vector displacement of D, and P, are as follows:

. R i
Dlz[R1+E,O,O}

T (1)
@:{@,ﬁm}
2 2
R-R. 3 i
D, = ;,__Rslo}
2 2

{
Ao B Ben Q-

S, =[r.0.n] «\()

e (& R
s[rglg X

In dynamic B%K e systew% — xyz , the vector displacement of O is as follows:

0" =[x )
The tr n mathi

] of moving coordinate system with respect to fixed
coordinate system is

()
Cos 3cosy —Ccos #siny sing
@csin pcosy+cosasiny —sinasin gsiny +cosacosy —sinacosf
inasiny —cosasin fcosy  sinacosy +cosasin gsiny  cosa cos B
where, «, 3, y are the rotation angles which around the X, Y and Z axes in the moving
coordinate system. The displacement of spherical hinge S, can be expressed as follows in
the fixed coordinate system O — XYZ.
[Si]oxvz :[T][Si]oxyz +OT’i :1’ 2’3 (6)
Equation (3), (4) and (5) into Equation (6), the displacement of spherical hinge S, in the
fixed coordinate system O — XYZ is rewritten:
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rk, +hn, +x;

S—f: rk, +hn, +y. (7
rk, +hn, +z;
—%rkl+§rml+hnl+xT
g = —%rk2+§rmz+hn2+yT (8)
—%rkggrgrma+hn3+zT
—%rkl—ﬁrmﬁhnﬁxT ‘\/’
8—3": —Erkz—ﬁrm,_,+hn2+yT 0 9)
L ST
1 3 Q
——rk; ——rm, +hn, + z;
" QO

ace plane because of

constraint of Revolute, and the expressmn nstra e plane is as follows:

Each connectlng rod can move only in %g espondmg
Q:Y=0

Q,:Y =—\/§(x —le

QQ

&@ .§Q)

Q,:Y = \/'(X—ER

Equations (7), g& othec ﬁral t equation, as follows can be obtained.

rk::! rm +yT —J3(- rk+frm+hnl+xT—%R2) (10)
_%rkz _®2 +hn, +y; =\/§(_Erk1+§rm1+hn1+xT _%Rz)

Sim@kquaﬁon (10),it would become:

«/_R «f_R +6rsmasm/5')

6rcosa +6rcos S

=f (a, f) =—arctan(

X =%r(cosﬂcos;/+sin asinﬁsin7—cosac057)—hsinﬁ+% R, +% R, (11)

y; =hsinacos f—rsinasin fcosy —rcosasiny

Equations (11) indicates that the parameter y depends on « and 8, and
functions of «, #,r ,handR (i=12,3) .Givenz,,

X, y; are
a and S, the position of the spherical
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hinge S, can be obtained by Equations (7), (8), (9) in the fixed coordinate system
O — XYZ. The length of the connecting rod is fixed, and the position component of the
movable pair on the Z axis can be determined by the following type:

Hi :\/Ii2 _(Pix _Six)2 _(PiY _SiY)2 +SiZ’i :1’2’3 (12)

3. Workspace Analysis

3.1. Main Constraints on the Working Space of the Mechanism

(1) Constraint of slide block
The base of the 3-PRS parallel mechanism can be adjusted, and the sliding block can

move along the horizontal guide rail. Its adjustable range is R, <R <R_(i=123).

(2) Constraint of vertical sliding stroke ¢

The vertical slider moves up and down along the vertical guide rail, and it is icted
by the length of the guide rail, the structure size of the connecting rod and the gutter, and
the sliding block can move only within a certain range. Th gulde rail str and the
lead of each sliding block are identical. H_, @mmlm@splacement
Correspondingly H__ is the maximum displacem @ constr\y) tion for the
slide stroke is H,, <H, <H__ (i=1,2,3).

3 Interference constralnt of connecting ro

S

The moving platform is connected wit iding hrough a connecting rod
together with a certain size. There may ferenc et en the connecting rod when
the robot is working. In order to avo CCUrke mterference the angle between
the connecting rod and the mov orm i than 180°, that is, the following

conditions are satisfied: A
(PS,xS,S,)x ] >0
(PS, xSS)xu>o® \
(P383 x 3380 \
where, T the uni@yr of the X axis and y axis in the moving coordinate
<f;> o T

system O’ @!s the geometric center of the moving pIatform.Pi_S:xﬁ
indicates the directig

angle is ir@ta n range. In the mechanism, the rotation angle range is 0° <6 <60°.

3.2. @Ie Analysis and the Influence of Key Parameters on Working Space

@ Example Analysis

The working space of the 3-PRS parallel mechanism is a set of attitude angles that can
be achieved at different heights when the center of the moving platform is moving along a
straight line, and the mechanism is constrained by the block stroke, the vertical sliding
stroke, the interference between connecting rod and Rotation angle, then, the working
space of the mechanism is in line with the working area of these constraints. The search
algorithm is used to calculate these regions, and the basic steps are as follows:
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(1) The end position coordinates (x,, Y, ,z, ) of the moving platform are determined as
the target search space, and the space is divided into several sub spaces with a thickness
of Az by family of planes with parallel to xoy plane.

(2) the end position coordinates (x,,y,,z,) of the moving platform are searched
according to the constraints which are given in each subspace starting from z=0.

(3) after the completion of a sub space of the search, an investigation for a subspace
of Azis performed again, until z=z_, .z _ is the highest point of the working space that

is allowed by the constraint conditions. The end position coordinates of the moving
platform of each subspace are searched out, and the space combination is the working
space of the mechanism.

In order to describe the size of the working space more clearly, the volume of working
space is introduced, and its calculation is as follows: W

V=V => AAz
Where, V, is the volume of the sub space. A is the area of the subspac @;’[IOH on

the Xxoy surface. Az is the height of the sub space.

In this example, the parameters of the structure are sh Table the working
space of the mechanism is searched by MATLAB. Fi cr| graphlc model
of workspace shows that, the working space is th try i |s and the upper
part of the work space is a cone and the lower f the ace is column with
constant cross-section. Figure 3 is the prOJect f the wo ace on the xoy surface

when z=640, z=680, z=720, z=7
working space is symmetrical, and the
reduced with the increase of cente

n be co d from Figure 3 that the
outlin the working space is gradually

t of g platform in the z axis .That
ing plat is gradually reduced.

shows that the posture ability :
Table e Pa\&{% of the Structure

Name R, I, l, I

w

Value 350\\\%0 g 20 820 820 820

0

Y/mm (X'mm)

Figure 2. The Working Space of the 3-PRS Parallel Mechanism
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z=640mm

Y/mm
Y/mm

z=720mm z=760mm

20

Y/mm
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Y/mm

-20

L L
-20 0 20 -
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Figure 3. The Working Space Projection on the xoy Surfacev

3.2.2. The Influence of Key Parameters on Worklng S

In the 3-PRS parallel mechanism, the base rad e’len he connecting
rod can be changed within a certain range. The o |nIy w e influence of R
and | on the working space, and this provides a retlcal or the optimization

design of the mechanism.

Influence of base radius R on working The para s of the mechanism are as
follows: r =150mm, |. =820mm (| m R, =R, =R,, R values for
350mm, 400mm, 450mm and 500m le 3& e working space width on the x

X

axis and y axis, the working a@ ght on th is and the volume of the working
space. Figure 4-Figure 8% ' space nephogram and projection on
X0y, X0zand yoz surface \

Tabl(\@fuence ase Radius R on Working Space

350 400 450 500
working sp hdth
& (um) t®< 86. 5031 86.5031 78. 9523 38. 5563
working space wi ey
axi 114.8175  114.8175 92.0645 50.4084
working spacewe ht on the z 807 792 775 753
is (mm)
Vi f the working 5. 2597% 5.1153X 3.6640><  0.90256
space (mm’) 10° 10° 10° 10°

O
e
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Figure 4. Working Space in R =350mm ?y
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Figure 6. Working Space in R=450mm
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Figure 8. Workjn e Pro'ez&bn on xoy Surface In Different RadiusR
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Figure 9. Volume of the Working Space in Different Radius R

Table 3 and Figure 4-Figure 9 show that the working space width on the x axis and y
axis is gradually reduced, the working space height on the z axis is gradually reduced,
and the volume of the working space is also gradually reduced. When R is relatively
large, although the moving platform have a certain range of travel on the z axis, it has a
weaker orientation-capability.
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Influence of connecting rod length | on working space. The parameters of the
mechanism are as follows: r=150mm , R =350mm ( i=123 )
, h=20mm. | =1, =1, | values for 820mm, 850mm, 880mm and 910mm. Table 4
shows the working space width on the x axis and y axis, the working space height on
the z axis and the volume of the working space. Figure 10-Figure 14 show the working
space nephogram and projection on xoy, xozand yoz surfaces.

Table 4. Influence of Connecting Rod Length | on Working Space

| (mm) 820 850 880 910

working space width
on the x axis (mm)
working space width
on the y axis(mm)

working space height 807. 2 838.1 868.9

on the z axis(mm) .
volume of the working 5.92597x10°  5.6378<10° }QA@QOG

space (mm”)

86. 5031 86. 5031 86. 5031 86. 5031

114.8175 114.8175 114.8175

Z/mm

®
OQ

mm ’ ’ Y/mm
F@g)lo. Working Space in | =820mm

100 T

50

Z/Imm
Z/Imm

X/'mm

Figure 11. Working Space in | =850mm
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Z/mm

0 - 0
Yimm -100 50

1000

Z/mm

1000

0 ; 0
yimm 100 50 symm

\

/

t 5.2
820 830 840 850 860 870 880 890 900 910

connecting rod length | (mm)
Figure 14. Volume of the Working Space in Different Connecting Rod
Length |
Table 4 and Figure 10-Figure 14 show that the working space width on the x axis and
y axis is unchanged, the height of the working space increases on the z axis, and the

volume of the working space gradually increases. The projection of the working space
does not change with connecting rod length , on the Xoy .In other words, the connecting

o
o

the volume of the working

&
IS
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rod length | has no influence on the orientation-capability of the mechanism, but it only
affects the working space height on the z axis.

4. Conclusions

In this paper, a new type of 3-PRS parallel mechanism with adjustable working
space is analyzed, and the mathematical model of the inverse kinematics is
established. The main constraints which affect the motion of the mechanism are
given, and the working space of the mechanism and the projection in Cartesian
coordinate system are obtained by using the search algorithm in different conditions.
The influence of the base radius and the connecting rod length on the working space
is analyzed. From the results of the analysis, the following conclusions can be
drawn:

(1) The working space of the 3-PRS parallel mechanism is symmetrical, w. |ch is,
consistent with its structural characteristics.

(2) With the increase of the base radius, the working space of th %lsm
decreases gradually, and orientation-capability of 3-PRS parallel mechanls@l icantly

decreases when R is relatively large.
(3) Connecting rod length | has no influence on ntatlon ility of the

mechanism, it only affects the working space height.anthe
(4) This provides a theoretical basis for the op i

Acknowledgments Q ’ﬁ\

This work is supported by Sc:lentlflc chnol roject of Henan Province of
China with grant No0.13210221043 uth like to thank the anonymous
reviewers for their valuable work. per |s d and expanded version of a paper
entitled [Workspace Analysis\o NoveI Parallel Mechanism based on the
Searching Method] present SI2016 Chlna and August 19-20, 2016].

References \
[1] Y.LuandB.H @pment ev%n of limited-DOF parallel manipulators”, Journal of Yanshan

Unlver5|ty, , (201 84.

[2] A. Peidrg d J M Marln A Web-based Tool to Analyze the Kinematics and Singularities of
ParaIIeI ” Journ 0 Iligent & Robotic Systems., vol.81, no. 1, (2015), pp. 1-19.

[3] C. Brlsa A Csi mputation and analysis of the workspace of a reconfigurable parallel
robotic system” A Disease in Childhood, vol.32, no. 29, (1993), pp. 7549-58.

[4] E. Macho, C. Pint(%mezua and A. Hernandez, « Software Tool to Compute, Analyze and Visualize
Workspaces o) Kinematics Robots”, Advanced Robotics., vol.25, no. 6, (2012), pp. 675-698.

[5] C. Wang, Cs . Chen and H. Wu, “Workspace Analysis and Structure Optimization of 3-RRR
Spher cal¢Paraltel Mechanism”, Machinery Design & Manufacture., vol.4, no. 4, (2015), pp. 55-58.

[6] H. Yu ang and S. Nian, “Workspace analysis and parameter optimization of 3-UrPS parallel
me ”, Journal of Machine Design, vol.30, no. 11, (2013), pp. 42-46.

[7] d X He, “Workspace analysis of a novel 3-UPS parallel mechanism”, Journal of Yanshan

w ersity., vol.35, no. 3, (2011), pp. 203-207.
Fan, J. CUI and X. Zhu, “ Method of Solving Workspace of Planar Parallel Mechanism Drive by

Angle Joint”, Journal of Mechanical Transmission., vol.4, no. 4, (2013), pp. 77-79.

[9] Y. Zhang, Y. Zhang and X. Dai, “Optimal Design for Planar Cable-driven Parallel Mechanism with
Respect to Maximizing Workspace”, Journal of Mechanical Engineering, vol.47, no. 13, (2011), pp. 29-
34.

[10] X. Chen, L. Chen and X. Liang, “Kinematics and Workspace Analysis of a Novel 4-DOF Redundant
Actuation Parallel Mechanism”, Transactions of the Chinese Society for Agricultural Machinery, vol.45,
no. 8, (2014), pp. 307-313.

[11] S. Li, C. Yu and Y. Tian, “Kinematics analysis of a novel asymmetric four-DOF parallel mechanism”,
Journal of Yanshan University, vol.35, no. 5, (2011), pp. 385-390.

[12] B. Li, Y. Guo, C. Wang and Y. Cao, “Orientation workspace and global orientation capability analysis
of the Gough-Stewart parallel mechanism”, Chinese Journal of Engineering Design, vol.5, no. 5, (2015),
pp. 452-460.

354 Copyright © 2016 SERSC


http://xueshu.baidu.com/s?wd=author%3A%28A.%20%20%20Hern%C3%A1ndez%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson

International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

[13] J. Kand, G. Chen and J. Zhao, “Analysis on workspace of 3-PRS mechanism based on monte carlo
method”, Journal of Henan Polytechnic University (Natural Science), vol.33, no. 4, (2014), pp. 478-481.

[14] J. Lei, Y. Cao and F. Wang, “Workspace Analysis of a 4UPS-UPU Parallel Mechanism Based on the
Boundary Search Method”, Machine Design & Research, vol.29, no. 1, (2013), pp. 5-9.

[15] Y. Ji, H. Liu and D. Yuan, “Workspace and Scale Analysis of 4-SPS /PPU Parallel Mechanism”,
Transactions of the Chinese Society for Agricultural Machinery, vol.44, no. 11, (2013), pp. 322-328.

Copyright © 2016 SERSC 355



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

356 Copyright © 2016 SERSC





