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Kinematic solution of 3-PSS parallel
mechanism and its application in parallel CMM

HU Peng-hao, LI Song-yuan”

(School of Instrument Science and Opto-electronics Engineering,
Hefei University of Technology, Hefei 230009, China)
% Corresponding author, E-mail ; lishiminl 988 @163. com

Abstract: A new style coordinate measuring system based on 3-PSS parallel mechanism was proposed
to overcome the drawbacks and weaknesses of traditional Coordinate Measurement Machines(CMMs)
and articulated arm CMMs and to realize 3D measurement with only one linear grating and one preci-
sion guide. A measurement model,a measuring error model as well as the error averaging effort of the
parallel mechanism were investigated. Firstly,a 6-bar measurement model was achieved based on the
theory of parallel kinematic mechanism. Then, the influence of bar length error and reading error
from the liner grating were analyzed in detail and the hypostasis why parallel structure posses error
averaging effort was revealed mathematically. Finally, the prototype CMM was introduced to its de-
sign, manufacturing and assemble and the experiment result was provided too. Results indicate that
the measuring errors before compensation and instrument calibration in three dimensions are about
0.029 mm in x direction, 0. 045 mm in y direction and 0. 058 mm in z direction. Obtained results can

provide the direction for the design of new CMM protypes.
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Fig.1 Sketch of parallel mechanism CMM
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Fig. 3 Six-bar measuring principle
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Tab. 2 Error transfer coefficients of inputs of appointed points

(@ fi/dx)/mm (dfi/daxz)/mm (9 f;/dx;)/mm
(x5 y,2)=(500, 417,240)

i=1 0.5 0 0.5
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1=3 —0. 140 —1.252 1.225
(x5, 2) =(500, 365, 290)
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i=3 1. 186 —0.652 —0. 244
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Tab. 3 Error transfer coefficients of structural

parameters as x=500 mm

@fi/IL)/mm  (Ifi/I)/mm (I f;/Il;)/mm

i=1 0.34~2.40 0.34~2.40 0

i=2 0.01~1.83 0.01~1.83 —7.64~—6.16

i=3 —0.15~1.06 —0.15~1.06 —8.51~—7.44
@fi/IL)/mm  (Ifi/Il)/mm (df;/dl;)/mm

i=1 0 —0.34~—2.40 —0.34~—2.40

i=2 0 —7.32~12.34 —0.38~—0.01

1=3 0 —6.74~14.37 —0.11~—0.17
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Tab. 4 Error transfer coefficients of structural

parameters of appointed points

(xyy,2)=(500, 417,240)
(in/ah)/mm (afi/alz)/mm (afi/alx)/mm

i=1 1.6 1.6 0

=2 0.018 6 0.018 6 —2.181

1=3 —0.022 4 —0.022 4 —3.263 4
(@f;/aL)/mm (df;/Il;)/mm (If;/d;)/mm

i=1 0 —1.6 —1.6

i=2 0 2.464 —0.036

=3 0 3.532 0.024
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