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Limit-protection Method for the Workspace
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The end pose of a one-translation two-rotation (1T2R) parallel mechanism is a mapping of the servo motor action in the joint space. Because
it is difficult to obtain information about the end attitude state, we have designed and implemented a simplified algorithm for determining
the attitude of such a mechanism. The kinematic inverse solution of the robot and the modelling analysis of the workspace are carried out.
From this, it is deduced that the length transformation of the three branch chains of the mechanism reflects the position and attitude of
the end-motion platform. Based on this algorithm, the limit protection of a parallel power head under arbitrary configuration is realized. The
correctness of the calculation method is verified by simulation. Finally, based on the software and hardware conditions of an existing control
system, experimental verification is carried out. The experimental results show that the simplified algorithm can implement limit protection for

this type of machine.
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Highlights

e The kinematics of the 1T2R head are analysed, and the workspace of the mechanism is obtained.
* A new simplified algorithm for position and attitude judgment is proposed.
*  The new simplified algorithm of position and attitude judgment is combined with the mechanism control system to realize a

fast limit.

*  The algorithm is verified with simulation and experimental data.

O INTRODUCTION

Due to its compact structure, high stiffness to mass
ratio, high precision, and good dynamic characteristics
[1] and [2], the parallel power head has been of interest
to both academia and the manufacturing industry and
has been widely used in high-end manufacturing
fields, such as large aircraft structural parts [3].

The working space is the key index for evaluating
the performance of parallel power heads. Unlike
tandem robots, which are driven by a series of
connecting rods and rotating joints in series, parallel
power heads are connected by at least two independent
kinematic chains. Although the working space is
relatively small, their structure is precise and compact
with high repetitive positioning accuracy [4] and [5].
Workspaces can be partitioned in a number of ways,
depending on performance requirements and selected
parameters [6]. The factors influencing the size and
shape of the workspace include the constraints of the
length of the branch chain, the rotation angle, and
the size of the revolute joint [7] and [8]. The methods
used for the analysis of the workspace include the
geometric, numerical [5], and discretization methods
[9] and [10]. Gui et al. [11] proposed a reliability
mathematical model based on random probability and
presented a measurement and calculation method for

the evaluation of the reliability level of mechanism
motion. Shao et al. [12] analysed the new spatial-
planer parallel mechanism using geometric methods
and verified that it has good accuracy and efficiency.
Kaloorazi et al. [13] used the structural geometry
method to determine the maximum non-singularity
workspace of a 3-degree of freedom (3-DOF)
parallel mechanism, and Huang et al. [9] obtained
the workspace of the Stewart-Gough manipulator
by a discrete method. The scientific community has
also made many achievements in numerical method
research. Zhang [14] et al. used the fast search method
to calculate the workspace volume and took it as the
optimization objective function. In addition, Gao
and Zhang [15] and Zhu et al. [16] used the modified
boundary search method to obtain the workspace of
a parallel mechanism. Farzaneh-Kaloorazi et al. [17]
used an interval analysis approach for the barrier-free
working space of a parallel mechanism. Majid [18]
et al. analysed the workspace of a three-prismatic-
prismatic-spheric-revolute  (3-PPSR)  manipulator
using the numerical method and found that three
regions in the workspace corresponded to the postures
of a type of manipulator.

In order to make more reasonable and effective
use of the existing working space and ensure the
safe and reliable operation of the parallel power
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head, the method of trajectory planning and space
limitation is often adopted [19] and [20]. Khoukhi et
al. [21] proposed a multi-objective dynamic trajectory
planning method for the parallel mechanism under the
constraints of task, workspace, and mechanism with the
help of the discrete augmented Lagrangian technique.
Reveles et al. [22] proposed a kinematic redundant
parallel robot joint trajectory planning method using
a feasibility map, which plans the joint trajectory
while avoiding parallel singularities through the
graphical evaluation of the robot pose related to four
working modes. Dash et al. [23] proposed a numerical
path planning method to avoid the singularity of the
mechanism in the accessible workspace of a parallel
robot by clustering the singularities and using the local
routing method based on Grassmann line geometry
to avoid the singularities. Igbal et al. [24] discussed
two complex control strategies: computational torque
control (CTC) and variable structure control (VSC)
and improved the trajectory-tracking performance of
the robot. Manzoor et al. [25] integrated the functions
of mechanical computer-aided design (CAD) and
robot CAD into the same platform and achieved the
accurate control of the robot through various three-
dimensional models in the platform. Alam et al. [26]
considered two different methods based on sliding
mode control (SMC) to achieve the nonlinear control
of an elastic joint robot. This control method enables
the robot to obtain a locally stable closed-loop system.

Because the pose of the end of the one-translation
two-rotation (1T2R) parallel mechanism in the
operation space is a nonlinear mapping of the motion
of the servo motor in the joint space, the modelling
and calculation process is complicated, the motion
controller takes a long time. It is therefore impossible
to realize the real-time operation to prevent exceeding
the limit during the operation of the mechanism.
The purpose of this paper is to propose a simplified
algorithm for position and attitude judgment, which
can greatly reduce the calculation amount of limit,
and realize the limit protection of the 1T2R parallel
power head through a combination of software and
hardware. Firstly, the inverse kinematics analysis
was carried out, and the mapping relationship
between the terminal pose of the mechanism and
each input value was constructed based on the inverse
kinematics model. Then, according to the mechanism
structure, scale parameters, range of motion of each
pair, interference and other constraints, the working
space of IT2R power head was determined. By
analysing and summarizing the motion rules of 1T2R
power head, a simplified algorithm for judging the
position and pose of 1T2R power head was obtained,

which was used to realize the limit protection of the
IT2R head. Finally, the algorithm was verified via
experimentation.

1 KINEMATIC ANALYSIS

The position inverse solution of the 1T2R head is to
solve the rod length quantity of each branch chain
motion joint by knowing the positional parameters
of the end reference point of the tool providing the
theoretical model for mechanism error analysis and
control.

1.1 Machine Tool Profile

As shown in Fig. 1, a 1T2R mechanism is a parallel
mechanism with one translational and two rotational
degrees of freedom. A 1T2R power head is composed
of a moving platform, a static platform, and three
RPS branch chains, in which R, P, and S represent
revolute joints, active prismatic pairs and spherical
joints, respectively. One end of each RPS branch
chain is connected to the moving platform through a
spherical joint, and the other end is connected to the
static platform through a revolute joint. The motorized
spindle is installed on the moving platform and the
active prismatic pair is driven by a servo motor.

Motor

Fixed platform
Screw

Electric spindle ) 4
Moving platform/.w-» A( w
) =

Fig. 1. Model of 1T2R spindle head

Revolute joint

Expansion link
Spherical joint

Guide

1.2 Inverse Kinematic Solution

The power head of the 1T2R mechanism diagram is
shown in Fig. 2, 4; and B, represent the centres of the
spherical joint and the revolute joint, respectively;
AA 4,45 and AB|B,Bj5 are equilateral triangles; points
O'and O are the geometric centres of the two triangles;
the moving platform is represented by Ad,4,45; the
static platform is represented by the plane of ABB,Bs3;
point P is the tip at the end of the mechanism; e is the
distance from P to the plane of the moving platform;
a, b are the circumcircle radii of the moving and static
platform, respectively; / represents the initial branch
length.
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The fixed and moving coordinate systems O—xyz
and O'—x'y’z" are established at the centre O and O’ of
the fixed and moving platforms, respectively. In the
initial position, the z’ axis and z axis are perpendicular
to the planes A4,4,4; andBB,B;, respectively, as
shown in Fig. 2. The x’ axis and x axis are along the
A, A4, direction and B,B, , respectively. The " axis
and y axis are determined according to the right-hand
rule. o and £ represent rotation about the x axis and y
axis, respectively.'

Fig. 2. Mechanism sketch of 1T2R mechanism

’

The attitude transformation matrix of O'—x’y’z
in the connected body coordinate system of a moving
platform relative to O—xyz in the static platform
coordinate system is R:

R =Rot(z,y )Rot(x,0)Rot(z,¢)

cycp—syclsp —cysp—sycOcp sysO
=|sych+cyclsp —sysp+cyclcd —cysO
s0s¢ sOco cO

=[u v w], (D

where s=sin, c¢=cos, u, v, w represent the
measurement of three coordinate axes of O'—x'y'z’
in the static platform coordinate system O-xyz,
respectively, and w can be used to represent the tool
attitude vector.

v, 0, ¢ are the precession angle, nutation angle
and spin angle, respectively, which are related to a
and S

6 = arccos (cosacosf3 )
Y = atan2 [—cosgsinﬂ ) wj @
sin6 sinf

As shown in Fig. 2, the position vector of the
tool point P at the end of the mechanism in the static
platform coordinate system O—xyz is:

T
rp :[xP Ve ZP] . 3)
The following vector equation can be obtained:
r,=b,+gw,—a,+ew i=1273, 4)

where a;, b; is the position vector of 4;, B;; a,=Ray;
b, =b[cosp, sing, 0] ;ay is the measurement of
A; in the connected coordinate system of moving
platform, a, =a[cosg, sing, 0] ; ¢, is the
structural angle of 0’4 and OB, relative to x' axis
and x axis respectively, ¢, =27 (i—1)/3—-7/2; ¢;and
w; are the length of the branch chain and the unit
vector, respectively.

Since the revolute joint will restrict the branch
chain from moving along the x; axis, dot product x
axis direction unit vector u,=[cosp, sing, O]T at
both ends of Eq. (4):

(r, +a,—ew) -u, =0. ®)
Solve Eq. (5) to obtain

X, :gsin(Zl//)(l—COSO)+esinl// sin@,

Vp = gcos(Zy/)(l —cosf)—ecosy sin®,

p=—v. ©)
From Eq. (6)

4,=|lr, —b, +a, —ew|=|r, b, —s |

b - NG
w="r"0; %i:1,2,3 @)

where s; is the vector of the geometric centre of
the spherical pairs pointing to the tool reference point
in the static coordinate system, and s is the vector of
the geometric centre of the spherical pairs pointing
to the tool reference point in the moving coordinate
system.

s;=RR;s,s=[0 a e, (8)

cos(p, +7/2) —sin(p, +m/2) 0
R, =| sin(¢p, +7/2) cos(p,+7/2) O,
0 0 1
i=1,2,3. ©)

2 WORKSPACE ANALYSIS
The constraints of the 1T2R head include its structure,

scale parameters (a, b, I, ), motion range of each
prismatic pair and interference. Workspace analysis
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Fig. 3. Interference position of 1T2R spindle head

is used to determine the set of all reachable space
position points of the tool reference point under the
above constraints.

2.1 Constraint Analysis

The 1T2R power head is restricted by its own
mechanical structure and other conditions and can only
work within a certain space range. After analysing the
structure of the 1T2R head, the constraint conditions
are as listed in Table 1.

Table 1. Restrictions of 1T2R mechanism

Constraint type Constraint value
Active prismatic pair length constraint 04m=gqg;<0915m
Rotation angle constraint of revolute joint 120,93
Angle constraint of spherical joint loy] < 45°, | ;] < 90°
Ibnrt:r:ﬁrggcci Eli)i(re1twe(=,n principal axis and 5 =015m
Interference between tool point and table zp < 1.250m

Gimin and ¢ . are the maximum and minimum
lengths of the active prismatic pairs, respectively; 6, i,
and 0,,,,, are the maximum and minimum values of
each revolute joint angle, respectively; o;min and B max
are the maximum values of angles a and f of each
spherical joint, respectively; o, is the linear distance
from point S of the spindle end to the branch chain;
Oimin 18 the minimum allowable actual linear distance
between the spindle end and the branch chain. As
shown in Fig. 3, J; can be obtained as follows:

5i:|w,. ><rBIS| =|w,x(r, —ew—Iw=b,). (10)
2.2 Workspace Description

A hierarchical processing approach can be used to
divide the workspace into multiple subspaces. The

boundary region of the subspace is then determined by
means of the quasi-spherical coordinate search method
[27], and the envelope surface and the stereogram of
the workspace are described, defining the accessible
working space for 1T2R heads as shown in Fig. 4. It
can be seen from the calculation results that 1T2R
head can realize the attitude space range with a
maximum of 6 [0° 40°], w e [0° 360°]. As we
can see from the reachable workspace, not all regions
can achieve the maximum nutation angle.

04

X [m]
Fig. 4. Reachable workspace of 1T2R

3 POSE DETERMINATION
AND SIMPLIFICATION ALGORITHM

By analysing and summarizing the motion rules of
IT2R head, a simplified algorithm for judging the
position and pose of IT2R parallel power head is
derived. This algorithm can realize the fast response
of the limit protection function under the existing
hardware configuration and is used to realize the limit
protection of the 1T2R head.

To facilitate calculation, the relationship between
the coordinates of the tool reference point in the z and
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the coordinates z, of the geometric centre point of the
moving platform in the direction of z is:

z =2z, +ecosO. (11)

Thus, the input parameters of the inverse
kinematics model of the 1T2R head are replaced by
the coordinates of the geometric centre point O’ of the
moving platform in the z direction, the process angle
w and the nutation angle 6.

QO is defined as the kinematic chain length
of the branch chain movement; Q' is the difference
between the kinematic chain lengths of any two
branch chains.

3.1 Position Constraint Condition

As shown in Fig. 2, let the vector from the geometric
centre point O of the static platform to the geometric
centre point O’ of the moving platform be o. rp can be
expressed as

Y, = 0+ew. (12)
Substituting Eq. (12) into Eq. (3), we obtain:
qgw,=a,-b,+0 i=123. (13)

By summing the above equation in order of i,
and taking into account the geometric relation of the
prototype a; +a,+as;=b;+b,+b;=0, we obtain:

|q1Wl+q2W2+q3W3| :3|0|~ (14)

According to Eq. (13), the left side of the above
equation is equal to a;+ta,+ta;=b;+b,+b;=0;
therefore:

|q1W1|+|q2W2|+|q3W3| <
3[of +[a; ~by[+[a, =b,[+[a; =b[. (15

Because  |a;—b;|+|a,—b,|+|az;—b;] has a
maximum value of 6asin(f,,,,/2) at the maximum
nutation angle, the following can be obtained by
sorting:

(J]a,=b,|+|a, =b,|+|a, =b,|) =6asin(6,, /2).(16)

max

By combining Eq. (15) and Eq. (15), and
substituting |g;w,|+|g2W»|+|g3w3| =0, the following
is obtained:

30| < Q <3|o| +6asin(6,,, /2). (17)

It can be seen from Eq. (17) that, theoretically,
the sum of kinematic chains of the 1T2R power head
branch prismatic pair is always approximately three
times the distance from the geometric centre point of

the static platform to the geometric centre point of the
moving platform.

3.2 Pose Constraint Condition

A similar calculation is used for the difference of
length between any two branch chains. The length
difference between branched chains 1 and 2 is used
as an example, which can be determined from Eq.

(13):
QW,—¢,W, =a,—a, —b, +b,. (13)

The difference between the two sides of a triangle
is less than the third:

||‘I1W1|_|92W2|| < |q1W1 —q2W2|. (19)
Substitute Eq. (23) into, and we obtain:
||qlwl|—|q2w2|| <la,—a, —b, +b,], (20)

because a;=aRV,, a,=aRV,, bj=bV,, b,=bV,, V, =
[cosp;, sing; 0], i=1,2.

According to the actual parameters of the
mechanism, a = b is substituted, and then:

|a,—a,—b, +b,|=
=a|(R-E)T|<2a(1-cos(p, —¢,))[R-E[, (21)
where, E is identity matrix,
T=[cosp,;—cosp, sinp,—sing, 0]
According to Eq. (1), the matrix R is related

to the precession angle y, nutation angle 6 and spin
angle ¢, and further:

|a, —a, =b, +b,| = 2a(1-cos(27/3)) f (v.0). (22)
Substituting Eq. (22) into Eq. (21), we obtain:
lg.w,|~lg,w,| < 2a(1-cos(27/3)) £ (w.0). (23)
According to Eq. (26), we then obtain:
|0 < 2a(1-cos(27/3)) f (v.0). (24)
It can be seen from Eq. (24) that, theoretically, the
upper bound of the length difference between any two

branching chains of the 1T2R head is a function of w
and 6.
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3.3 Simulation

The form of motion in which the tool makes an arc
trajectory parallel to the plane of the static platform is
relatively simple and easy to describe. Therefore,
under this motion, the above conclusions are verified
by combining the existing 1T2R parallel mechanism
data. When the values of z,r and 8 remain unchanged
at w e [0° 360°], the length of 1T2R head branch
chain prismatic pair is calculated as shown in Fig. 5.
Since the leg length data ¢, ¢, and g5 satisfy the

symmetric three-phase sine quantity. The values of z,-

and 6 can be changed and the leg length data summed
to obtain Table 2. The difference of the leg length data
is taken to obtain Table 3.

Table 2. Summation of 1T2R head branches’ length

0.9
- =q
. - o
/TN T N T 2
0.85 / / N B
3 )
4 SN
E 0.8 ) / 3 \
o~ '-,’ 4 S \
S 0.75 5 7 \ .:. \ /
z, X\ //
L , | R | \ ]
0.7 s =
- i 0"--.-“‘ \/ S -~

0-6507"40 80 120 160 200 240 280 320 360

¥ [deg]

Fig. 5. Data distribution type of 1T2R branches’ length

6=39 0=29° 0=19° 0=9° 0=0° max/min
18720 Omax 1.879424 1.874194 1.872384 1.872018 1.872000 1.879424
Omin 1.876457 1.873482 1.872296 1.872016 1.872000 1.872000
19695 Omax 1.976447 1.971561 1.969863 1.969517 1.969500 1.976447
Omin 1.973780 1.970920 1.969783 1.969515 1.969500 1.969500
20670 Omax 2.073528 2.068943 2.067343 2.067016 2.067000 2.073528
Omin 2.071116 2.068363 2.067271 2.067015 2.067000 2.067000
2 1645 Omax 2.170656 2.166338 2.164826 2.164516 2.164500 2.170656
Omin 2.168465 2.165811 2.164760 2.164514 2.164500 2.164500
2 2620 Omax 2.267824 2.263744 2.262310 2.262015 2.262000 2.267824
Omin 2.265824 2.263262 2.262250 2.262013 2.262000 2.262000
Table 3. Subtraction of any two 1T2R head branches’ length
Zor 6=39 6=29° 6=19° 6=9° 6=0°

0.6240 O'nax 0.271960 0.209725 0.140941 0.067737 0

' nin -0.271960 -0.209725 -0.140941 -0.067737 0

0.6565 ' nax 0.272005 0.209745 0.140944 0.067737 0

' nin -0.272005 -0.209745 -0.140944 -0.067737 0

0.6890 ' nax 0.272056 0.209763 0.140947 0.067737 0

' nin -0.272056 -0.209763 -0.140947 -0.067737 0

0.7215 ' nax 0.272098 0.209779 0.140950 0.067737 0

' nin -0.272098 -0.209779 -0.140950 -0.067737 0

0.7540 ' nax 0.272134 0.209793 0.140952 0.067737 0

O'min -0.272134 -0.209793 -0.140952 -0.067737 0

' nax 0.272051 0.209761 0.140947 0.067737 0

Average value
" nin -0.272051 -0.209761 -0.140947 -0.067737 0

According to the data of Fig. 5 and Table 2, the
following relationship can be fit:

0<0<0, (25)

where, O represents the lower bound of the length
sum of the branch chain movement, 0=3z,,
O represents the upper bound of the length sum of
the branch chain movement

0=3z,-0.012251z,, +0.015190 .
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From the data in Table 2 and the Eq. (25), it can
be seen that the length of the 1T2R head branch chain
prismatic pair is always approximately equal to three
times of z,., which satisfies the Eq. (21). Therefore,
the motion characteristic law of this form of motion
can be extended.

By the same token, through Fig. 5 and Table 3, O’
and 6 can be fitted as follows:

lo]<0, (26)

where, 5’ represents the upper bound of the length
difference |Q'] of the auxiliary leg of the branch chain
movement, Q' <0.0069976 +0.003748 .

It can be seen from Eq. (26) that in the case of
the same nutation angle, the upper bound of the
difference between the length of any two kinematic
chains is almost the same, with only an error of orders
of magnitude. This satisfies Eq. (24). Therefore, the
motion characteristic law of this form of motion can
be extended.

The above is the analysis of the motion
characteristics of a 1T2R head and the simplified
algorithm of pose judgment. The aim of the algorithm
is to further divide the working space of the mechanism
through the information of the three branch chains, so
that the judgment of the attitude of the mechanism
can be obtained without establishing a complex
mapping model of the servo motor action. Within its
workspace, the sum length of the 1T2R head branch
chain prismatic pair is always approximately equal
to three times the coordinate value of the geometric
centre of the moving platform. The absolute value of
the difference between the lengths of any two branch
chains is always less than a specific value related to
the nutation angle. Thus, the limit protection of 1T2R
head can be realized simply, reliably, and efficiently.

4 LIMIT PROTECTION IMPLEMENTATION PROCESS

Based on the above analysis results of the movement
characteristics of a 1T2R power head, the simplified
algorithm of position and pose judgment, the limit
protection method is designed in combination with
the actual mechanical structure of the 1T2R power
head servo feed system and its control system. This
method will adopt two methods: proactive limit and
preventive limit.

The active limits are all areas of the 1T2R power
head dexterous workspace except the boundary. The
preventive limits are to prevent the mechanism from
exceeding the workspace boundary, i.e., the boundary
area of the 1T2R power head dexterous workspace.

Real-time data of the prismatic pair length of the
branch chain can be obtained through the feedback
signal of the encoder of the servo motor. The PLC
program in the motion controller PMAC is used
to sum the leg lengths of the three branches and
calculate the difference between the lengths of any
two branches. The results of the operation are fed
into the motion controller register. Then, according
to the above pose judgment algorithm, whether the
limit area is exceeded can be determined. The specific
realization method of the 1T2R power head limit is
shown in Fig. 6.

— The pose of 1T2R parallel spindle head

Servo motor encoder
feedback signal of
chainl

Servo motor encoder
feedback signal of
chain2

Servo motor encoder
feedback signal of
chain3

Encoder signal processing ’

‘Leg length of chain 1‘ ‘Leg length of chain 2‘ ‘ Leg length of chain 3 ‘

|
Leg length sum of Length difference
three chains between any two legs

\ [
Active limit trigger Preventive limit
judgement trigger judgement

exceeded

CNC system limit trigger
[
Output servo emergency
stop signal
[
Motion controller responds to|
servo emergency stop signal | | Motion controller
PMAC

| 1T2R head emergency stop |

Fig. 6. Schematic diagram of limit protection process

For the active limit, according to Table 2,
Omin=1.872000 is determined to be the lower
trigger condition value of the active limit, and
Omax=2.267824 is determined to be the upper trigger
condition value of the active limit. For the preventive
limit position, according to the data shown in Table
3, it is determined that Q' =1.272134 is the upper
limit trigger condition value of the preventive limit
position, and Q',;,=-0.272134 is the lower limit
trigger condition value of the preventive limit position.
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5 EXPERIMENTAL ANALYSIS

The experimental platform is shown in Fig. 7, and the
IT2R parallel power head is driven by three chains.
Fig. 8 shows the servo feed control system. The
real-time length of three branches can be obtained
through the code disk of the branch servo motor.
The trajectory is an approximately circular trajectory
parallel to the plane of the static platform, as shown
in Fig. 9. According to the scale parameters (a, b, I,
e) mentioned above, after consulting the machine
tool operation manual, it is found that collision
interference occurs easily when the nutation angle is
40°, so the nutation angle 6 is selected as 30°. The
motion position of the tool reference point P at the
end of the mechanism in the z direction is 1.1687 m,
the nutation angle 6 is 30°, and the precession angle
w is varied from 0° to 360°. The length data of each
chain obtained during the experiment are shown in
Table 4. Fig. 10 shows the variation rule of the length
of the branch chain corresponding to the trajectory.

: j":i‘_‘ =

Parallel power head Three branched chain

Fig. 7. 1T2R parallel power head

Table 4. Experimental kinematic chain length data

Tri-phase power
supply

Encoder signal

3“ -}wo driver

\ EPCI bus .___,,l

Servo motor

/0 & ——IE% Turbo PMAC
> ; 8
: Main circuit 3
Command power supply SATA bus
voltage
Encoder signal
Servo interface accessory card
Fig. 8. Servo feed control system
1.4
= 1.2
=
e
N 10
08+ —
0.2 - 02

im0 0ty

Fig. 9. Schematic diagram of trajectory reachable workspace

Fig. 11a shows the numerical distribution law after
the summation of the length data of the motion track.
It can be seen from the distribution of the summation
result that the sum of the length is distributed within
the interval range of 2.2514 m to 2.2521 m and has
periodic data fluctuation with a small amplitude. As
shown in Fig. 11b, in comparing the length of the data
points and the result data with the threshold value of
the over-limit setting, it is found that none of the data
points in the trajectory exceed the limit.

t[s] 0.0000 0.0221 0.0443 0.0664 0.0885 0.1107 0.1328 0.1549
gy [m] 0.6269 0.627 0.627 0.627 0.627 0.627 0.627 0.6271
q, [m] 0.8121 0.8121 0.8118 0.8114 0.811 0.8106 0.8101 0.8097
qsz [m] 0.8123 0.8128 0.8132 0.8136 0.814 0.8144 0.8149 0.8153

t[s] 0.1771 0.1992 0.2214 0.2435 0.2656 0.2878 0.3099
gy [m] 0.6271 0.6271 0.6271 0.6271 0.6271 0.6272 0.6272
g, [m] 0.8093 0.8089 0.8084 0.8080 0.8076 0.8071 0.8067
g3 [m] 0.8157 0.8161 0.8165 0.8169 0.8173 0.8177 0.8181

t[s] 35.9922 36.0143 36.0365 36.0586 36.0807 36.1029 36.1250 36.1471
gy [m] 0.627 0.627 0.627 0.627 0.627 0.627 0.627 0.627
g, [m] 0.8129 0.8126 0.8125 0.8125 0.8125 0.8125 0.8125 0.8125
q3 [m] 0.8121 0.8124 0.8125 0.8125 0.8125 0.8125 0.8125 0.8125
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Fig. 10. Branches’ length variation law

Fig. 12a shows the numerical distribution of
the leg length difference of any two branch chains.
It can be seen from the distribution of the difference
results that the leg length has a periodic fluctuation
with a fluctuation range of 0 m to 0.2164 m, and the

2.252
E 22518
=
0
22516
2.2514 : : :
0 10 20 30 40
a) t[s]

distribution form of the difference results of different
branch leg lengths is the same except for the phase
differences. As shown in Fig. 12b, by comparing the
result data of the leg length difference of data points
with the threshold value of the over-limit setting, it can
be seen that none of the data points in the trajectory
exceed the limit.

Through the above simulation verification of the
simplification algorithm of pose judgment, it is proved
that the simplification algorithm of pose judgment
can realize real-time judgment of the terminal pose
state of the mechanism during the action process of
a 1T2R power head. The result of pose judgment of
this algorithm is found to be accurate. The active limit
and preventive limit set according to the simplified
algorithm of position and pose judgment can realize
the limit protection function of 1T2R mechanism
accurately and reliably and ensure the safe and reliable
operation of the mechanism.
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Fig. 11. Branches’ length summation distribution of data points;
a) numerical distribution of the summation, and b) extra-limit judgment of summation
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Fig. 12. Distribution of branches’ length difference; a) numerical distribution of the leg length difference,
and b) extra-limit judgment of difference of leg length
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6 CONCLUSION

(1) This paper presents a simplified algorithm for the
determination of the position and pose of 1T2R
power head. Compared with the pose judgment
method using the inverse solution model, it is
estimated to be 99.42 % faster with no need to
upgrade the original system. The simplified
algorithm is easy to implement, efficient and
reliable.

(2) The real-time limit protection of a 1T2R power
head can be realized simply and reliably with the
help of the simplification algorithm of position
and pose judgment. Based on the software and
hardware conditions of the existing numerical
control system, this method can effectively
solve the real-time limit protection problem of
parallel machine tools by combining software
and hardware and improve the operation safety of
such topological machine tools.
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