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Precision Evaluation Method for the Positioning Error of Three-DOF Parallel
Mechanism using Coordinate Measuring Machine (CMM)
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ABSTRACT

This paper proposes precision evaluation method for the positioning error of three-DOF translational parallel
mechanism. The proposed method uses conventional CMM as metrology equipment to measure the position of end-
effector. In order to obtain accurate measurement data from CMM, the transform relationship between the coordinate
system of the parallel mechanism and the CMM coordinate system must be identified. For this purpose, a new
coordinate referencing (or coordinate system identification) technique is presented. By using this technique accurate
coordinate transformation relationships are efficiently established. According to these coordinate transformation
relationships, an equation to calculate error components at any arbitrary position of the end-effector is derived. In
addition, mathematical fitting models to represent the position error components in the two-dimensional workspace of
the parallel mechanism are also constructed based on response surface methodology. The proposed error evaluation
method proves its effectiveness through the experimental results and its application to real three-DOF parallel
mechanism.
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Fig. 1 Schematic of translational three-DOF parallel
mechanism

Fig. 2 Definition of geometrical parameters
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Fig. 4 Coordinates of triangular points to define
reference coordinate system

102

(). &F B 389 AA (P, Py, ‘Py)7t
‘PP, L ‘PP, o] H=F HA%r}

(). 971 7gea Ry A" FTELE(L, A
el dat A= olHEE §HY AACP)
2 o] FAIZth

(iii). CMM & o] §3l9 AA o|5d d= °]dH
°] ¥ "p, & A F}

(iv). & wges H4d 9% FE P, P
CMM 9l 83 "P,, "P; 2A SAEC

=
L

3 49 X7 2SR o]S ol &3 I
Fel 71E ABAE Ao doh o]FHA 7]
Z ZEACs =% P, 2] € 4129 2ol A
€.

d d d d
G 0 N I M
X, = deP ’yr_deP s Z,F= XX Y,
‘PR "7 ['P7P,

(12)

£, CMM o 98 A9 3 H(P, "By, "Pyol
s 71 HEA"Cs{"%, "), 217 & A &
A S0, Fig. 5 % 2ol 3 A& WY 779
TEoAt TEHA A% Zol HEAE A
g% 4 gtk 2PA, $4 "p, & J1E HEA
ddez Adsa, 43 Zol 9 "P"P, &
o] 1,2 e & xH0E AYFT

(13)

FH,y F& 3 AP, "Py, "Py)0l olF & HHA
EAst, 439 x FF% A} o2 x F B
3ol AFa 5. & nEEY 249} Tl A
9| it}

. _"P"P,-3.
7 l,sin@

m

(14

4714, 5. & o= A5 (1622 27 gHY
t}.

—

O:=1,c080"%,

0 = cos™ 1I22 +I|23 _1223
20,1,

as)

(16)



4718 WAF YT 2

D RFALITEIA A21 D ANE

Fig. 5 Definition of real reference coordinate system
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Fig. 6 Calculation of the positional errors at a target point
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Fig. 7 Prototype of three-DOF parallel mechanism
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Fig. 9(a) Three-dimensional representation for the end-
effector positions measured by CMM
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Fig. 10(a) Three-dimensional representation for the
measured end-effector positions after the
coordinate system identification
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Fig. 10(b) The measured end-effector positions after the
coordinate system identification
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Fig. 11(a) Error component ¢, in the X direction at plane
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Fig. 12(b) Counter lines of error component e, in the Y
direction (at plane Z=113.61mm)
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Table 1 Coeflicients of the regression equation

Error
Coefficient & e &
J:3 3.186x10™" 1.328x10" 3.995x10™"
i 1.859x107"° | -2.837x10"° | -1.506x10"°
5 -3.486x10™ | 2018x10™ | -1.182x10™°
B 3.110x10™"? 1.297x10" 3.899x10"
B -1.795x107 7.304x108 -3.820x107
B 1.815x10% | -2.769x10® -1.470x10®
i3 -3.403x10® 1.970x10°® -1.154x10°
B -3.032x10 2.818x107 2.417x10%
Ji -5.865x107 1.411x10°® -4.796x10°7
5o 3.036x107° 1.266x10"° 3.806x10™°
P -1.752x10° 7.130x10%® -3.728x10°
Bu -8.525x10° -2.385x107 -1.315x102
iy -2.959x10* 2.751x10° 2.359x10*
P 8.890x10™* 1.274x10° 4.163x10°
Pa 1.772x10® -2.703x10° -1.435x10°
Pis -5.725x10°° 1.377x10%* -4.682x107°
Pis -3.321x10°® 1.923x10°¢ -1.127x10°®
S 9.494x10° |  -1.094x107 2.064x10°
Pis 1.314x1072 -3.426x1072 2.120x102
Bis 2.964x10% 1.236x10° 371510
Table 2 Analysis of variance-ANOVA(e,, ¢,, ;)
Bror | e | squms | POF | squan |
Regression | 4.240x107 20 2.099x107 | 981.08
Residual 1317x10* | 60 | 2.160x10°
) Total 4.250x107
Regression | 4.520x107 20 2301x10° | 437.40
Residual 3.155x10* | 60 | 5.258x10°
@) Total 4.550x1072
Regression | 1.230x10? 20 | 6.151x10* | 361.61
Residual 1.020 x10* | 60 1.701x10°®
S 1.240x10?

A BYFE 71 TEF S LXE Aste] B
B Aoz Aude, 71T PAEE Fol7|
ARNE 7HE 2 2P FolAL, AAl 7
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