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Stiffness Improvement by Kinematic Parameter Optimization

for Parallel Mechanism-Based Machine Tools

MHESE T. MATSUI

AHEETE H. OHTA

This paper presents the kinematic parameter optimization for stiffness improvement of parallel
mechanism-based machine tools. The relationship between the stiffness of the spindle end and pose
variation is analyzed using the force balancing model of the parallel mechanism. Then, both the relation
between stiffness and machine vibration and the relation between stiffness and kinematic parameters
are examined. By the design using the virtual machine simulator, kinematic parameter optimization
is performed without link coregion problems. It provides not only high stiffness, but also reduction of
machine vibration and machined surface undulation. This kinematic parameter optimization is applied
to the parallel mechanism-based milling machine HexaM®, and the validity is verified by simulations and

experiments.
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Kinematic parameter values of HexaM®
U, U, U, U, U, Us

BOI1, mm 250.000 | 250.000 | 250.000 | 250.000 | 250.000 | 250.000
BO2, mm 90.000 90.000 90.000 90.000 90.000 90.000
BO3, mm 0.000 0.000 0.000 0.000 0.000 0.000
SAIL ° 30.000 30.000 30.000 30.000 30.000 30.000
SA2, ° 0.000 0.000 0.000 0.000 0.000 0.000
JO, mm 144.000 144.000 144.000 144.000 144.000 144.000
RL, mm 1 100.000 | 1 100.000 | 1 100.000 | 1 100.000 | 1 100.000 | 1 100.000
TPOI, mm 167.019 167.019 167.019 167.019 167.019 167.019
TPO2, mm 140.285 140.285 140.285 140.285 140.285 140.285
TPO3, mm 0.000 0.000 0.000 0.000 0.000 0.000
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Kinematic parameter values of optimized design «

U, U, U, U, U, U,

BOI, mm 250000 | 250000 | 250000 | 250000 | 250.000 | 250.000
BO2, mm 90.000 | 90000 | 90000 | 90.000 |  90.000 |  90.000
BO3, mm 0.000 0.000 0.000 0.000 0.000 0.000
SAI ~ 30000 | 30000 | 30000 | 30000| 30.000|  30.000
SA2, ~ 0.000 0.000 0.000 0.000 0.000 0.000
JO., mm 204.000 | 204000 | 204.000 | 204000 | 204000 | 204.000
RL, mm 1190.000 | 1 190.000 | 1 190.000 | 1 190.000 | 1 190.000 | 1 190.000
TPOI, mm 0.000 0.000 0.000 0.000 0.000 0.000
TPO2, mm | 282000 | 222000| 282000| 222000| 282000| 222000
TPO3, mm 0.000 0.000 0.000 0.000 0.000 0.000
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Kinematic parameter values of optimized design 3

U, U, U, U, U, U,

BOI, mm 422045 | 422045 | 422045 | 422045 | 422045 | 422045
BO2, mm 90.000 | 90000 | 90000 | 90.000 |  90.000 |  90.000
BO3, mm 0.000 0.000 0.000 0.000 0.000 0.000
SAl ° 30000 | 30000 | 30000 | 30000| 30.000|  30.000
SA2, ~ 0.000 0.000 0.000 0.000 0.000 0.000
JO, mm 230000 | 204000 | 230000 | 204.000| 230000 204.000

RL, mm 1.335.000 | 1 315.000 | 1 335.000 | 1 315.000 | 1 335.000 | 1 315.000
TPOI., mm 20.000 15.000 20.000 15.000 20.000 15.000
TPOZ, mm 282.000 | 222000 | 282.000 | 222,000 | 282.000 | 222.000
TPO3, mm | — 10.000 10.000 | — 10.000 10.000 | — 10.000 10.000
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