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Fig.1  Structure and work space of vertical

machine center
2 AR BN B T ik

2.1 IREESAITHRL

7 2B BE ALK B0 Bk o OT 3 B AL A [l Al
R SRR (2T VR0 L b 3 A i A R
7R 7 il 1) B A 1) A S ity R A2 AR ) £ 5
IR 2 A i) VN 1] i 4 5 22 AT 32 2K 2 B ) 7 2K
Sy BE AL W 980/ T B, 25 506 32 54 76 149 48 Jon
BT, 2 I E AL R A O T 4% sh kAL
ot AR X 8 5 2 M AR Ak L T AR R Bh A B

frfa e, BAR e s 1 R,

£ 1 TRERNK DB T E R
Tab. 1

Equivalence of the movable connections

for vertical machine center
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Tab. 2 Basic physical parameters of materials
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Fig. 2 Curve of position stiffness of vertical machine center column in Z direction
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Fig.3 Static stiffness isoline map of working table at X axis and Y axis
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Fig. 4 3-D map surface figure of static stiffness of complete machine
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Fig. 5  Spatial distribution curve of position stiffness

of complete machine moving Z axis
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Preload of machine tools linear bearing unit
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Fig. 6  Static stiffness measurement system of

vertical machine center
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Experiment and simulation of position stiffness

of a G-type frame structure vertical machine center

SUN Yong-ping”, WANG De-lun, MA Ya-li, DONG Hui-min

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The position static stiffness variation of G-type frame structure vertical machine center on
work space volume is studied. Based on the feature of joints, the spindle bearings, linear slide-ways
and guide screw are equivalent to the springs. The static stiffness prediction model of complete
machine is built. The X, Y and Z sensitive direction position stiffnesses of column, table and vertical
machine center are calculated using the finite element method. Meanwhile, the static stiffness of
vertical machine center is verified by discrete point experiment. Results show that the maximum
relative error of simulation and experiment is 8. 7%, the X, Y and Z sensitive direction static
stiffnesses of spindle nonlinearly decrease in Z travel. The static stiffness of table in X, Y plane is a
parabolic shape, the maximum is in the center, the minimum is in the border. The variation of static
stiffness of the complete machine is similar to the table. The data of simulation provide a theory basis

for the design of G-type frame structure vertical machine center and position error compensation.

Key words: work space; position stiffness; static stiffness test



