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Abstract: POC setis used to describe the positionand orientationcharacteristic of the relative motion of two
arbitrarilymoving links ofPM. The dimensional constraint type is one of the significant elements of the topological
structure of PM, and the topological structure characteristics of PM depend on its topological structure.This
paper deals with the topological structure analytical of general 3-5RPM and two special 3-5RPMs with the
applications of the theory and methods for topological structure analytical of PMs based on POC set. The
topological structure characteristics of these PMs is derived with this systematic theory and method; then, more
detailed description are applied to the topological structure characteristics of two kinds of special 3-5RPMs. This
research explains that the changes of the dimensional constraint type not only affect the POC Set of PM, but also
lead to changes in DOF of PM.

Keywords:- Dimensional constraint type; POC set; 3-5RPMs

l. INTRODUCTION

Over the last decade, the major topological structure synthesis theory for parallel mechanisms (PMs) has
been established home and abroad. They are the ScrewTheory!, the Displacement Subgroup Theory™®, and the
Position and Orientation Characteristic (POC) Theory®.

The analytical theory and methods of the topological structure of mechanism based on POC set,putting
out by Professor Yang and others, features the following characteristics: non-instantaneity of mechanism andDOF,
easier mathematical calculation and generality of mechanism. Moreover, they put out the significant concept of
dimensional constraint type, which is used to describe the geometric constraint types of relative position and
orientation between the axis of adjacent kinematic joints on one chain(including parallel, coaxial and insert at one
point). Three key elements of topological structure of mechanism are dimensional constraint type. kinematic joint
type and connection relationship of structural unit, which is one of the theoretical basis of constructing equation
and operational rules of the POC set of mechanism.

Adopt analytical theory and methods of the topological structure of PM based on POC set and take
general and two special 3-5RPM for studying objective. By analyzing and study the impact of dimensional
constraint type on POC set andDOF of PM,we will further reveal mapping relation between dimensional
constraint type and POC set of mechanism. On this basis, we will give more detailed description on the features of
the topological structure of two special 3-5RPM, thus we will expand the applications of POC set in analyzing the
topological structure of PM.

II.  DIMENSIONAL CONSTRAINT TYPE AND DOF FORMULA

2.1Definition of the dimensional constraint type

The dimensional constraint type means the geometric constraint type in the relative orientation between the axis of
the kinematic joints, which nature is that the topological structure of mechanism is introduced into the
dimensional parameter type(the rod(axis) length is zero or any non-zero value, the twist angle is zero or ©/2 or
any non-zero value and so on). The following is the dimensional constraint type existing in the axis of the revolute
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(R) joint of the branch in 3-5RPMs:

(1) Axis of the several adjacent R joint parallel to each other, marked as: SOC{—R IR || --- I R —=};
(2) Axis of the two adjacent R joint coincide with each other, marked as: SOC{—R|R —};

(3) Axis of the several adjacent R joint intersect at one point, marked as: SOCi— RR--R —};

(4) General type, marked as: SOC{—R— R —--R —}.

2.2 DOFformula
To reveal the inner relationship of the topological structure of PMs, the degree of freedom (DOF) and POC
set, more general DOF formula (proposed by Yang and Sun) is applied as

F=Y"Lfi—2X/= éLj (1-1a)

[12-15]. .
: é’;Lj = dim.{(ﬂ}i=1 M,, U Mb(jﬂ))} (1—1b)

follow 1-1

Where

fi:DOF of the ith R joint;

m: Number of kinematic joint;

v: Number of independent loops (v = n —m + 1);

n{le M,,: POC set of the moving platform forsub-PM, formed by the front jbranches;
M,,: POC set of the end link of the ith branch;

€, © Number of independent displacement equations for the jth branch, which consists of equivalent
J

single-open-chain (SOC) of the moving platform for sub-PM, formed by the front jbranches, and the (j + 1)th
branch.

I1l.  TOPOLOGICAL STRUCTURE AND DOF OF GENERAL 3-5RPM
General 3-5RPM shown in Fig.1, in which R denotes revolute joint. In thePM, triangle A;A,A; and
B,B,B; are equilateral triangles; between the base and the moving platform, the three branches are connected in
parallel; each branch is connected in series with 5 R joints, and all the R joints are arbitrary.
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Fig.1. General 3-5RPM

3.1POC set of general 3-5RPM

In Fig.1, the dimensional constraint type of general 3-5RPM belongs to General type, marked as
SOC{—R;; — R;; — R;3 — Ry — R }(i = 1,2,3). We can easily know that the branch’s DOF is 5, therefore, the
POC set of the end link is
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M, = [:z] or M, = [;z]

Then, the DOF of general 3-5RPM is calculated easily by using the formula (1 — 1) and the way based
on POC set.
Due to the dimensional constraint type of the general 3-5RPM branch belongs to General type and the
formula(1 — 1b), the number of independent dlspl ment equatlons ig for the first branch is
g, = dim. U = dlm J =6
With the formula(1 — 1a), the DOF1 of sub- P con |5t|ng of the first And second branches is

Faa) =Zﬁ- —Zﬁj =10-6=4
i=1 =

Similarly,

6, = dim My M} = {[5]} =
m 2
F=Zfi—Z§Lj —15—(646) =3

i=1 j=1

Therefore, the DOF general 3-5RPM is 3, and the POC set of its moving platform is

]

which has three independent elements. It is impossible to be sure about the nature of six elements,
because the dimensional constraint type of general 3-5RPM belongs to General type. Therefore, it is impossible to
be sure about the motion mode of the moving platform of general 3-5RPM, and it could not describe it more
detailed.

I. Topological structure and DOF of two special PMs

By giving an introduction to two special 3-5RPM, we go further discussion on the impact of the changes
of dimensional constraint type on the POC set of 3-5RPM. Special 3-5RPM is actually a new mechanism derived
from the change of the dimensional constraint type (arbitrary position between R axis change to a state of parallel,
collinear or insert at one point) of general 3-5RPM.

During this process, POC set of PM and the features of the topological structure change. To be more
specific, the change may be the motion mode of the moving platform of PM or the change of DOF and motion
mode.

4.1 POC set of 3-RERPM

3-RERPM shown in Fig.2. On the base A;A,As, Ry;. R,y and Ry, axis parallel to each other, and
perpendicular to the base plane; on the moving platform B;B,B3, Rys. R,s and Rss axis parallel to each other,
and perpendicular to the moving platform plane; three R joints in the middle of the branch parallel to each other,
and form a E joint; Ry; and Rys axis parallel to each other.
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Fig.2.3-RERPM

Topological structure of the PM is analyzed by using the theory and methods based on POC set. Thus
POC set and topological structure of the PM are obtained.
(1) Topological structure of PM
a.  Topological structure of branch:
Three branch:SOC{—R;; — R;»//R;3//Ris — Ri5s —=}(i = 1,2,3);
Ril//RiS(i = 1'2'3)

b. Topological structure of two platform:
The base: Ry;. R,y and Rj; axis parallel to each other, and perpendicular to the base plane;
The moving platform: Rys. R,s and Rss axis parallel to each other, and perpendicular to the moving platform
plane.
(2) Select the midpoint of the moving platform B,B,B; as the basic point O’
(3) Determine the POC set of the branch end link
Combined with the dimensional constraint type of the branch, the POC set of the branch end link is

M, = [:18/&)] U [tlg/ii)] U [tls/ii)] | 2(//<>(R11,R )] @=129

(4) Determine the number of independent displacement equations$,, for the first branch
a.  with the formula (1 — 1b), the number of independent displacement equations &, for the first loop is

§, = dim.{M UM }—dim{[ r ]U[ r ]}—dim{t3}—6
Lo U b2f ™ Ur?(//¢ Ry, R1)) r2(//<O Ry, R — 3
b.  with the formula (1 — 1a), the DOF of sub-PM consisting of the first and second branches is

m 1
Fan=) fi= ) &,=10-6=4
i=1 j=1

c. considering that Ry; and R,; axis parallel to each other, and R;, axis is not parallel to R,, axis, POC set
of the sub-PM consisting of the first and second branchs is

Myoa-ay =My [, = 1Nl =l
pa(1-2) b1 bz 2(//<>(R11,R12)) 2(//<>(R21,R22)) r (//Rn)
(5) Determine the number of independent displacement equations éLZ for the second branch
With the formula (1 — 1b), the number of independent displacement equations éL for the second loop is

b = dim Py [} =i e U 0 G} = i [520) =

(6) Determine the DOF of the PM
With the formula (1 — 1a),
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F= i ZSL]—15—(6+5)—
i=1

(7) Determine POC set of the PM

t3
Mpa = M2 ﬂMb3 - [Tl(//Rn)] ﬂ[ 2(//<>(R31,R32))] [r Y(//Rap)
(8) Motion characteristic analysis of the moving platform
With M,,, and DOF = 4, we can know that the 3-RERPMhas three independent translation and an independent
rotation (parallel to Ry joint).

4.2 POC set of 2ERR-RERPM

2ERR-RERPMMY shown in Fig.3. On branches A;B;. A;Bs, the front three R joints parallel to each
other and the back two R joints parallel to each other, and the two sets of R axis is not parallel to each other;
inbranch A,B,, the middle three R joints parallel to each other.

Bawe

Fig.3.2ERR-RERPM
Topological structure of the PM is analyzed by using the theory and methods based on POC set. Thus
POC set and topological structure of the PM are obtained.
(1) Topological structure of PM
a. Topological structure of branch:
Three branch: SOC{—R;;//R;2//Riz — Ris//Ris =} = 1,3);
SOC{—R3z1 —Ry2//R23//Ras — Rys —}.

b. Topological structure of two platform:
The base: Ry;. Ry; and Rj; axis are space arbitrary intersection;
The moving platform: Ry5. Rys and Rss axis are also space arbitrary intersection.
(2) Select the midpoint of the moving platform as the basic point O’
(3) Determine the POC set of the branch end link
Combined with the dimensional constraint type of the branch, the POC set of the branch end link is

tZ(J_ Ri1) t! (L Ry) 3 o
”(//Ris)] U [ Y(//Ru) [ 2(//0 Ry, RM))] =13

M, = [tl(l R21)] U [tz(l Rzz)] U [tl(l Ras)] [tz(l Rzz)]
2 r'(//Ry) ' (//R23) r1(//Rys) r3
We can know that DOF of the PM is five, and POC set has five independent elements.
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(4) Determine the number of independent displacement equations ¢;, for the first branch
a. with the formula (1 — 1b), the number of independent displacement equations &, for the first loop is

§1, = dim. {Mbl U Mb3} - dim.{[ 2(//<>(R13,R14))] U [ 2(//<>(R33,R34))]} dlm [ ]} =6
b. with the formula (1 — 1a), the DOF of sub-PMconsisting of the first and third branches is

m 1
F(1_3) Zzﬁ—zfl‘] = 10—624
i=1 j=1

c. considering that (R43, Ry4) is not parallel to < (Rs3,R3,), POC set of the sub-PM consisting of the first
and third branches is

Mpa-3) = My, ﬂ My, = [ 2(//<>(R13.R14))] ﬂ [ 2(//<>(R33,R34))]

t3

T'l <// (<>(R13. R14) ﬂ <>(R33: R34—)))

(5) Determine the number of independent displacement equations éLZ for the second branch
With the formula (1 — 1b), the number of independent displacement equations éL for the second loop is

f;L —dlm Mpaa- 3)LJM1;2 dlm [t U[t = dim. 3}=6

(6) Determine the DOF of the PM
With the formula(1 — 1a),

F= i ZEL]—15—(6+6)—3
i=1

(7) Determine POC set of the PM
3

Mpa = Mpaa-3) ﬂ Moo =2 (// (<>(R13, Ry4) ﬂ <>(R33:R34))>‘ ﬂ [tZ(J;JRZZ)]

t“(L Ryy)
~ | <// (<>(R13,R14) ﬂ <>(R33'R34))>

(8) Motion characteristic analysis of the moving platform

With M,,, and DOF = 3, we can know that the 2ERR-RER PM has two independent translation (in the
plane  being  perpendicular to Ry, joint) and an independent  rotation  (parallel
toL = (O (Ry3,R12) N O (R33,R34))) . If Ry, axis parallel tol = (< (Rq3,R14) N < (Rs3,R34)), topological
structure characteristics of the moving platform of the PM can be made out more clearly.

1. CONCLUSIONS
(1) The changes of the dimensional constraint type of PM always lead to changes of POC set of PM and the
features of topological structure. By applying POC settheory and methods, we can obtain the mapping
relation between the changes of dimensional constraint type and the changes of the features of its topological
structure.
(2) By taking general and two special 3-5RPM for example, this article elaborates that the theory and methods
based on POC set can be applied to the analysis of the topological structure of PM. That is to say, the POC
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settheory and methods can provide more precise description on the features of the topological structure of
PM.

REFERENCRS

[1]. Hunt K H. Kinematic geometry of mechanism [M]. Oxford : Claredon Press, 1978.

[2]. Herve J M. Analyse structure des mechanisms par group des deplacements [J]. Mechanism and Machine
Theory, 1978, 13:437-450.

[3]. Qin-Chuan Li, Zhen Huang.Synthesis of three DOF translational PM configuration based on
displacement sub-group analysis[J]. Journal of Mechanical Engineering, 2003, 39 (6) : 18-21.

[4]. Angeles J. The qualitative synthesis of parallel manipulators[J]. ASME Journal of Mechanical Design,
2004, 126 (4) : 167-624.

[5]. Meng J, Liu G F, Li Z X. A geometric theory for analysis and synthesis of sub-6 DOF parallel
manipulators[J]. IEEE Transactions on Robotic, 2007, 23 (4) : 625-649.

[6]. Ting-Li Yang, An-Xin Liu, Yu-Feng Luo etc.Design of Robot topological structure[M]. Beijing :
Thomson Learning Press, 2012.

[7]. Hui-Ping Shen etc.Topological feature analysis and its implication and application of the PM based on
POC set[J]. Journal of Mechanical Engineering, 2005, 51 (13) : 101-115.

[8]. Tong-zhu Yu etc.Application of POC set methods in the synthesis of three-translational PM[J]. Machine
Design, 2012, 29 (8) : 48-54.

[91. Kong X. Reconfiguration analysis of a class of 4-DOF 3-RER parallel manipulator.
IFTOMM.14TH.WC.0S2.024, 2015.

[10]. Kong X. Type synthesis of 3-DOF parallel manipulators with a planar operation mode and a spatial
translational operation mode. Journal of Mechanism and Robotics, 5 (4) : 041015, 2013.

[11]. Kutzbach K. Mechanische leitungsverzweigung, ihre gesetze und anwendungen. Maschinenbau, 1929, 8) :
710-716.

[12]. Yang T L, Sun D J. General formula of degree of freedom for parallel mechanisms and its application. Proc.
of ASME 2006 Mechanisms Conference, DETC2006-99129, 2006.

[13]. Yang T L, Sun D J. Rank and mobility of single loop kinematic chains. Proc. of the ASME 32th
Mechanisms and Robots Conference, DETC2008-49076, 2008.

[14]. Yang T L, Sun D J. A general formula of freedom for parallel mechanisms. Proc. of the ASME 32th
Mechanisms and Robots Conference, DETC2008-49077, 2008.

[15]. Yang TL, Sun D J. Ageneral DOF formula for parallel mechanisms and multi-loop spatial mechanisms.
ASME Journal of Mechanisms and Robots, 2012, 4 (1) : 011001-1-17.

WWW.ijres.org 14 | Page



