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Abstract: Aiming at stiffness degradation due to vibration and deformation when the machining center worktable is

working , a structural optimization scheme was proposed. The reliability of the optimized worktable stiffness was verified.

Using finite element method, the optimization that improved the stiffness of worktable was studied without the mass

increment based on static analysis. Using sensitivity analysis method, the reliability analysis of optimized worktable was

studied. The stiffness reliability of the optimized worktable in the six sigma analysis system was verified. The results

showed that, the stiffness of worktable increased by 11.5% after optimization and the reliability could achieve 100% .

The elastic modulus and the circular steel plate thickness of the worktable had a great influence on the worktable

stiffness. This scheme could improve the stiffness of machining center worktable and could ensure its stiffness reliability.
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Figure 1 Rotary worktable structure
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Figure 2 Worktable grid model
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Figure 3 Overhung installation

method of rotary worktable
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Table 1  Inherent frequency comparison of
experiment and computation
(o114 IR/ Hy HRBS/ He /%
1 279.542 294.69 5.42
2 298.059 308.85 3.62
3 304.820 330.94 8.57
4 308.113 323.09 4.86
5 311.387 332.72 6.85
6 319.880 338.85 5.93
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Figure 4 Finite element analysis results
HI T A 5 B4 B2 I 2 AL PR F) LA RG 2 A
KERE , Ry 13— 254 i i T et 1 JLADRS B RN kS
FE AR 8 AR A ORI A BAR AT Ak
1.5 EFRAUEE
H1 AR & A A5 n] R BE fiAR A9 )5 % TAR &
WIBE AR, N AR AL 2 B TAE G L3
AT Sl AR Xk AR B W BE i ARFE A 5 1Y
TR ESRE P AL BT i (i N I8 B A2 D, , D,
Dy) MIEIE L, 403k 2 s o AW BEE A%
PERASE I A G B, HAR R EC TAE & 1 ok
JE (Max Deformation) , [Fl b %2 5 TAE & WM,
PO e RASTE R B dR /]
22 MALEZRE

Table 2 Value of optimization variable

SRR IGEEHE TR/ mm AE A i/ mm
D, 420 400 ~ 460
D, 668 600 ~700
D, 936 900 ~ 960
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Table 3  Comparison before and after

optimization variables
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Figure 5 Size parameters of worktable
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Table 4 Statistical characteristics of random variables

RAFZ%/mm ¥{E w/mm PRt Ty 2% S/mm
D, 419 0.133
D, 621 0.200
D, 956 0.333

2.2 WEERHFESNT

AR RABRE o M n] ASR RS — Bl i A 1l 5|
AT SRR LR AR o B o, 13 B BE AL AE
A IR KA R R, WnIE 6 fras, el
6 Hh, MR 7 P B RN EOUL ML AR
XA R AR RE . Horp A bR y =0 BJ7HY
HIT EFOR A R S iR KA R IEA R, 2, 1A
K

R HTE R AT, X 6 AN BELAE B3 i R T
9 RABERE L h i BUIRAR YO PR B Dy Dy, Dy
ShEART FORRRRIBE o FErp PR Dy, Dy, AL
X AR G WIBERZ B, g RABER R, HiAty 3 4~ d
HAERBIERER

0.10 -
0.05
0

% -0.05

® -0.10
-0.15
-0.20

D83 DSZ DSI

B AMRTE B
e Wi
o6 ZEANRRLM A
Figure 6 Sensitivity of variable and
maximum deformation
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Figure 7 Sampling frequency distribution
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Table 5  List of parameters of probability

FY KA/ mm S [T 2y S s IRAIE A/ mm [ZES PaE I KT
1 0.044 625 0.000 069 31 -3.810 60 12 0.056 890 0. 883 540 00 1.192 90
2 0.046 447 0.000 253 17 -3.477 40 13 0.057 001 0.927 960 00 1.460 70
3 0.047 356 0.001 320 90 —-3.006 60 14 0.057 112 0.956 450 00 1.710 90
4 0.049 180 0.017 189 00 -2.115 60 15 0.057 823 0.974 590 00 1.953 00
5 0.051 002 0.088 814 00 -1.348 10 16 0.057 934 0.987 760 00 2.249 60
6 0.051 913 0.167 030 00 -0.965 97 17 0.058 023 0.998 080 00 2.891 00
7 0.052 874 0.272 890 00 -0.604 09 18 0.058 290 0.999 270 00 3.182 00
8 0.053 735 0.395 300 00 -0.265 53 19 0.058 489 0.999 790 00 3.529 60
9 0.054 646 0.517 700 00 0.044 37 20 0.059 201 0.999 870 00 3.659 80
10 0.055 557 0.640 970 00 0.361 06 21 0.060 000 1.000 000 00 7.150 20
11 0.056 468 0.744 670 00 0.657 81
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