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Abstract. In this research work, a novel spatial parallel manipulator with three degrees of freedom
(DOF) is proposed. The moving platform has two-translation and one-rotational DOFs with respect to
the fixed base. Based on the position and orientation characteristics (POC) theory, the number of the
DOF is computed and the output motion characteristics of the parallel mechanism are analyzed. The
formulas for solving position and orientation of the platform are derived. By using the kinematic
influence coefficient method, solutions of the forward/inverse velocity and acceleration are derived.
The virtual prototype model of the 2T 1R parallel manipulator is established by use of Pro/E software.
At last, the position, velocity and acceleration curves are described based on ADAMS software.

1. Introduction

Since the limited-DOF parallel mechanisms (PMs) have some advantages in terms of simple
structure, easy control and low costs, it has been become a hot focus in the fields of international
mechanisms and robots. Among the limited-DOF PM, the 3-DOF parallel mechanism has been paid
more attentions, especially 3-DOF spherical and 3-DOF translation PMs, such as Delta robot [1] and
“agile eye” robot [2]. Spatial parallel mechanism with two-translation and one-rotational (2T1R)
DOFs, however, has been obtained less attentions in literatures. Hunt [3] proposed the 3-PRS PM in
1983. Refaat and Herve [4] have synthesized of several spatial mechanism; Zhang [5, 6] presented
structural synthesis of fully-isotropic 2T1R PM.

In this paper, a novel 3-DOF parallel mechanism with 2T1R DOFs is presented. Based on the POC
theory [7], mobility of the mechanism is computed and the output motion characteristics of the
platform is analyzed. Then the generalized velocity and the acceleration expressions are set up by
using the kinematic influence coefficient method. The virtual prototype model of the 2T1R parallel
mechanism is established based on PRO/E software and kinematics simulation is performed by use of
ADAMS software.

2. Structure design

2.1 Constructional design.

The novel 2T1R parallel mechanism proposed here is shown in Fig. 1.The mechanism consists of
three chains, a fixed platform and a moving platform. The structure of first chain is R;;P,S;3 from the
base to platform in sequence, second chain is R»1P2,S,3, and the third chain is C3,P3,R33. Here, R, P, S
and C denote revolute joint, prismatic pair, spherical joint and cylindrical pair, respectively. In the
first chain, the axis of joint R;; is perpendicular to the central line of joint P;,. In the second, the axis
of Ry is perpendicular to the central line of Py, As for the third chain is concerned, the axis of Cs; is
parallel to the Rs3 and perpendicular to the central line of P3,. In order to achieve the desired output
characteristics of the mechanism, three chains should meet the following structural conditions: the
axis of the Ry is parallel to the axis of the R,; and perpendicular to the axis of Cs;.
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2.2 Degree of freedom of the parallel mechanism
In this paper, DOF analysis is performed based on the POC theory. Topological structure of the

R-joint

O 4,
Fig.1 Diagram of the novel 2T1R parallel mechanism

mechanism can be described as follows

the first chain: soc{-R;;L P1,-S;3-},

the second chain: soc{-Ry; L P2,-Sy3-},

the third chain: soc{-Cs;(L P3,)//R33-},

where “soc’” means single-opened-chain, symbol “//” and “L * denote the axes of the neighboring
joints being parallel or perpendicular to each other.

Joints Ry, Ry; and Cs; are mounted on the fixed base. Joints Si3, So3 and Rs3 are attached on the
moving platform.

For the first chain and second chain, The POC of end-effector is

Mbi:_tl(J_Ril) }UY (//P”)}U{q:{tz(;R“)],(i:lﬂ) 0

0

_rl (//Ril) 7 7
Fo_r the third chain,
el (//B’i)Ut (LRM)}UP(//FZ)}UP L(Rn)H ., } o
r'(//C,,) r r'(//Ry) | |T'(/Cy)

where M},; denotes the POC equation of the ith chain, t' represent the branched-chain terminal have

translational degrees of freedom and the number of DOF is i (i=1,2,3). r/ stands for the
branched-chain terminal have rotational freedom and the number of DOF isj (j=1,2,3).

In order to calculate the DOF of the mechanism, a sub-PM is defined as a mechanism only consists
of two kinematic chains of the original PM. For the first sub-PM composed of the first chain and
second chain, its number of displacement equation &;; is

: Ry
Eri=dim{Muv U Mbs.} = dim { , 1=5 3)
r
According to DOF formula proposed by Yang and Sun [8], the DOF of the first sub-PM is
m 1
Fsubzz fi-z §L-'=10-5=5 (4)
i=1 j=1

where F'is the DOF of the mechanism, f; is the DOF of the ith kinematic pair. So the POC equation of
the first sub-PM is
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Mpa -2 = Mor o Moy :{tz(l Rll)zln{tz(J— Rzl):l :l:f (J_ Rn)} -

3 3 r(/Ry3)

r r
Similarly, the number of displacement equation &, for another independent closed loop, which is
composed of the first chain and the third chain, is

3

&1 = dim. {M,: U M} = dim. {{j }} =6 (6)
Complementing Eq. (3) with (6), we obtain
F:Zm:fi-i Sy =14-(5+6)=3 (7)
Finalll:lly, thej;lltput characteristics of moving platform can be described as follows
Mpa :1\413,1(1.2)me.~,:{tz(i R“)}n{ - Hm R“)} (8)
: r'(/Ry)| | r'(/R)

p
Egs. (7) and (8) show that the number of DOF of the mechanism is 3 and the moving platform
moves along x-, z-axis and rotates around x-axis.

3. Kinematics analysis

3.1 Position and orientation solutions

As shown in Fig. 1, the coordinate system O-xyz is fixed to the fixed base where the origin point O
is located on the midpoint of the side 4,45, x-axis is aligned with the side 4,45, y-axis is parallel to the
axis of Ry, z-axis is defined by the right-hand rule. The moving coordinate system O'"-xy’z"is fixed to
the moving platform, where the original point O’ is located on the midpoint of the side B,B,. Three
axes, x-, y™-, z"- axes of the moving frame are parallel to the axes of the fixes frame. O4,=0A4,=a,
O'B,=0'B,=b; distance between the point O to the axis of Cs; is dz; O'Bs=d,, 6 is the attitude angle of

the moving plating around x-axis. T = [x 0 Z]T is the position coordinate of the original point O’ .

Attitude matrix R of the moving platform can be derived as follows
1 0 O

R=|{0 cosO -sinO )
0 sin® cosO

3.2 Inverse positions solution
The inverse positions solution of the PM is that finding the input line displacements /;, /, /3 when the
coordinate (x,0,z) and attitude angle 6 are given. The coordinates of By and B; in the fixed coordinates

can be computed easily, and B, = [x -b0 Z]T , B, = [x +b0 Z]T

According to Eq.(9), the coordinate of point Bs is

B,=RB,, +T (10)
where Bj( is the coordinate in the moving coordinate system

Substituting the known parameters into Eq. (10), we have

. T
B, =[x ricosf 1 sinf+z]

According to the constraint of the rod length, the position equation can be gotten.

I :(e—x)erz2 (11)
122 :(€+X)2+ZZ (12)
17 = (r, —d,cos0)” +(z +d,sind)* (13)

where e =a—b. When three independent parameters x, z, 8 are given, /1, [, /5 can be solved. It is
obvious that the inverse position has only one solution.
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3.3 Forward position solutions

The forward position solutions is to define the coordinate x, y, z, of point O' in the moving frame
when all input displacements of the three actuators, /;, /,, /5 are given.

From Eq. (11), (12), (13), we obtain

122 'll2
X=—-—" 14
4e (14
2 2 2
Z=i\/4ez1 de+17—1 (15)
4e
Msin@ + Nsind =k (16)
where M =2d,d,, N=-2dd,, K =z* +d? +d} -1}
From Eq. (16), we obtain
+ 2 2 g2
6:2tan'1M_ M_+N"—K (17)
M+K
Since the structural limitation, sign “+” in (15) can only be selected sign “+” and sign “-"" should

be deleted. That is to say, z just has one solution. Thus, when three input parameters /y, /,, /3 are given,

position parameters x, z and pose angle 6 can be solved. The forward position has two solutions.
From Eqgs. (11), (12) and (13), the function relationship between the output and the input

parameters can be described as x = f (ll,lz),z =f (ll,lz),E’: f (11,12,13). Thus this mechanism has

weakly coupling property and is easy to complete real-time control.

3.4 Velocity analysis

Differentiating Eqs. (11)-(13) with respect to time, then obtain
11[1=(€—x))k+22 (18)
121.2:(€+X)x+22 (19)

Ll = (z+d,sin0)z +[(R—d, cosf)sin@ +(z +d, sin0)cos 01d,0
Rewriting them as matrix form, have

Jdirv = Jinvs (21)
where Vv = [fl , fz , i3 1" represents the output velocity vector of the moving platform and § =[x, y,0]"

represents the input velocity vector of the actuators. While J . and J,  stand for the direct and the
inverse Jacobian matrices, respectively, and

(20)

v

L 0 0 e—xz 0
J,;,, =10 2 0 J.=|letxz 0 (22)
0 0 /s 0 mn+p

where m=z+d,sin@, n=(d, —d, cos0))d,sind, p=(z+d,sinB)d,cosb.

By combining Eq. (21) with Eq. (22), the formulate for solving the inverse/forward velocities are
derived as follows
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zl=|le+x z O 0 20 (23)
0 0 m n+p| |0 0 Is]

I Lo 0] [e-x z O

L|=10 LOo||e+x z 0 (24)
I, 0 01 0 m n+p__'



3.5 Forward acceleration
According to the second order influence coefficient method [9, 10], the acceleration a is derived as
below

a=I1"HI+J] (25)

where “a” is the acceleration vector, it can derived as a =[a,.a,.a, ]T . H represent Hesse matrix, and
Hll H12 Hl3

H='H, H,, Hj; (26)
H3l H32 H33

H, - o’u :( o’u, 0u, 0Ju, ] 27)
olol, \odlal, alol, olol,

where u, =1 —(e—x) +2%, u, =1," +(x+ef +2z°, u, = +(d, —d, cos@) +(z+d,sind) .

e—x z 0
J=J,J. =letx z 0 (28)

0 z+d,sind (d,+zcotd)d, sinf

By substituting Egs. (26), (27), (28) into Eq. (25), the forward acceleration solutions will be
obtained as well.

4. Kinematic simulation

If all structural sized of the mechanism are given, and a=100mm, »=82.27mm, d;=95mm,
d>,=145mm, the virtual prototype model of the 2T1R PM is built by PRO/E software in Fig. 2. Then
the model is imported to ADAMS software and the kinematics simulation can be realized easily. The
prismatic pairs of the three chains are selected to the actuators, and their input functions are given,
respectively, and /;=66.2+15*sin(100d*t), ,=67.4+40*sin(140d*t), /5=51.4+20*sin(120d*t). Time
range is from 0 to 5 second. The generalized displacement, velocity and acceleration curves of the
mechanism are solved (see Figs. 3-7).
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Fig. 2 The virtual prototype model of the 2T1R PM Fig. 3 displacement

481



Anabysis: Last_Run Time (sec) L] 10 20 30 40 50

Fig. 4 velocity Fig. 5 angul_ar velocity

eration (degfsec™"2)

o
=
=

Acceleration (mmisec™2)

g
8

Angular Accal

= f.’ - o
o y
B

50 00 ' 10 ) 20 ' 30

Time (sec) Time {65}

20 ) 30

Fig. 6 acceleration Fig. 7 angular acceleration

5. Summary

A new spatial parallel mechanism consisted of two RPS-type chains and one CPR-type chain. The
moving platform has three DOFs i.e. two translation and one rotation. The number of the mobility is
computed and the output motion characteristics of the parallel mechanism are analyzed based on the
POC theory. The inverse and forward kinematic problems are discussed. According to the
relationship between output and input, the robot has weak coupling property and is easy to complete
real-time control. The virtual prototype is established based on PRO/E software and simulated by
ADAMS software. The manipulator has widely potential applications in the fields of parallel machine
tools, picking and packaging robots and micromanipulation robot.
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