201745 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5548 & 555

doi:10.6041/j. issn. 1000-1298.2017. 05. 050

REFHBRNBAFLEEREDNFEESEENL

BOET OREHR RHEAeY EER REE
(1. %r%ﬁi%Lm%/%éﬁmfr‘ﬁ B 920 %, ook 300384, 2. KM T K%
HLBA TR B . bl 300384 3. M % vy T RHHE A IR 7, K71 300401)

B N T EBEME I A RO B S, 35 T Hensens & Kostic FLig , 7P AT AERPEERE A T
Lagrange gJ) J3 % 1 22 BR80T AMEETT S MLAS A0SR fUE DL IR 22 o kT AL d5c 380 188 A Jon 3 188 24 ol A5, 20 A7 T
S YRR T B 2 Bk BE AR B VL T HLEs AR ALE D28 R FEVERE . (7 EL 45 R R W] . T Bk JE A R o 8 Rk R
B K12 78. 1 pm Fl 11. 4 mm/s, ] S*ﬂﬁrﬂi‘]ﬁﬁlm 37.8 wm F13.72 mm/s, H 2 N IE S EMIRZEH
8.1 wm 1 8.9 wm; 3 FE PR REJ7 1T, S Bl 0 A 15 2 A AL de KA 1. 74 mm/s /T T B BEFL A0 19 6. 88 mm/s
AL TE R R Sﬂﬁfﬁ%ﬂﬁﬂﬁ%ﬁﬁTiﬁﬁE"]TJEEﬁﬂxﬁ*ﬁT;jE,ﬁ\ SE LA BE B BE R W 5% A /N HLRE Ay A X
V-G, AL T B BREROR T AZ F R B S T I ML AR B R T R . SRR I T L g N E S
BT G ALE R E U7 B SO0 8 1R 22 /N T 920 B dl , A4 7E 100 pm 2o 45 B9 R 22 H T 15 4518 — B0, 1 ik 105 Ho
A B9 A 8
KGR RV E N AL g% MR 2R
hE49%ES: TP112; TP203 XEFRIRAG: A NXEHS: 1000-1298(2017)05-0390-07

Nonlinear Friction Dynamic Modeling and Velocity
Planning of Flexible Parallel Robot
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Abstract; In order to realize control of robot in high speed and accuracy, Lagrange method was applied
to deduce dynamic model and nonlinear friction force dynamic compensation model based on Hensens &
Kostic theory. The single point positioning error was analyzed before and after compensation. A kind of S
type velocity planning method was designed based on the constrain model of maximum speed and
acceleration. Performance test in real time was implanted between T and S types velocity control algorithm
about position and speed tracing. The experiment data indicated that the maximum position tracking error
and speed tracking error of T type velocity planning were increased to 78.1 um and 11.4 mm/s. But
those of S type velocity planning were only 37.8 pum and 3.72 mm/s. Location accuracy of S type
planning at two termination points reached 8. 1 pum and 8.9 pm. The maximum speed difference of S type
planning was 1. 74 mm/s which was much smaller than 6. 88 mm/s of T type velocity planning. High
precision of position control especially termination-point location was ensured by S type velocity planning
algorithm. Its peak velocity mutation was much smaller and velocity curve was also smoother compared
with that of T type velocity control algorithm. It was demonstrated that speed tracing performance and
stability of motion were improved greatly. The contradiction of T type velocity planning existed between
high speed movement and high precision control was effectively relieved. So S type velocity planning was

much easier to realize the control of robot in high speed and accuracy. In order to verify the correctness of
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the simulation analysis conclusions, position error of robot was tested by laser interferometer under

continuous motion at different speeds. Simulation data was less than experiment data. The data error was

about 100 pm between simulation and actual measurement. But the conclusions were consistent with the

experiment. The validity of the simulation analysis method was verified.

Key words: flexible parallel robot; nonlinear friction; dynamics; velocity planning; error
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