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Analysis of static and dynamic characteristics and
structural optimization of the SX325
swiss-type CNC lathe
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(1. School of Mechanical &. Automotive Engineering, Liaocheng University, Liaocheng 252059, China;
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Abstract This study focuses on the SX325 sliding-headstock CNC lathe, with systematic analysis conduc-
ted on the ANSYS Workbench platform. A finite element model of the machine was established, and cut-
ting forces under turning, milling, and drilling conditions were calculated. Static simulation was per-
formed to obtain contour plots of displacement and stress distribution for the entire machine under three
typical machining states. Modal analysis identified the first six natural frequencies and corresponding dom-
inant mode shapes of the machine. By integrating static and dynamic characteristic analysis, weak struc-

tural areas were identified, including the tool post, the Y,-axis slide, and the X,-axis slide. Structural op-
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timization of the X, slide was carried out using response surface methodology, resulting in a 5. 27% reduc-
tion in mass, a 0. 96% decrease in maximum deformation, a 6. 13% reduction in maximum stress, and a
3.12% increase in the first natural frequency. Furthermore, three stiffening ribs were added to key areas
of the tool post—specifically, at load transfer paths and vibration-sensitive locations—to enhance its de-
sign. This modification reduced maximum deformation by 6. 04%, lowered maximum stress by 1. 69%,
and increased the first natural frequency by 2. 83%.

Keywords swiss-type CNC lathe; finite element analysis static-dynamic characteristics; structural optimi-

zation
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Fig. 1 Structural model of the complete machine
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Tab. 1 Material property settings for components of SX325 swiss-type CNC lathe

LaEes W/ (kg e m ™) PR/ (N m™) AL
HT300 7300 1. 30E+11 0. 250
45 7890 2.09E+11 0. 269
QT600-3 7200 1. 73E+11 0. 285

F2 MEMIERR
Tab.2 Mesh independence study

S RBFARST /mm SRR RS /mm R EEE R R T /mm BT WA/ um RSB 251/ Y

1 20 5 10 1076 991 7.359 6 0. 04
2 15 10 10 1439 366 7.375 2 0.18
3 20 10 8 1647 145 7.389 3 0.37
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Tab.3 Comparison of static analysis results for the entire machine at five operating positions of the Y, axis
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Fig.3 Contour diagram of displacement and stress for the entire assembly
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Fig. 4 Modal analysis results of SX325 swiss-type CNC lathe: first six mode shapes
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Fig. 5 Results of harmonic response analysis during Fig. 6 X, slide parameter layout

simultaneous turning and drilling operations
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Tab.5 Design variable parameters of X, slide

BiHAE WG H/mm BUA R/ mm LB e
Pl 15 12~18 STHRLHE ] BEJE
P2 15 12~18 KRG T BEJE
P3 65 62~85 IR 7 A 55
P4 378 360~390 [T A b4 i
P5 65 60~80 [T S A<
P6 85 78~95 [T G Ak i
P7 15 14~20 [RGB

x6 WABERSH

Tab. 6 Parameters of partial sample points

A Pl/mm P2/mm P3/mm P4/mm P5/mm P6/mm P7/mm P8/kg P9/pm P10/MPa P11/Hz

1 15 15 73.5 375 70 86. 5 17 41.09 3.801 5 1. 309 441.53
2 12 15 73.5 375 70 86.5 17 41.01 3.7557 1. 245 449. 15
3 18 15 73.5 375 70 86. 5 17 41.17 3.853 5 1. 335 434. 27
4 15 12 73.5 375 70 86. 5 17 40. 85 3.726 5 1. 230 451. 84
5 15 18 73.5 375 70 86. 5 17 41. 34 3.890 7 1. 347 430. 88
6 15 15 62 375 70 86. 5 17 41. 63 3.695 2 1. 364 447. 86
7 15 15 85 375 70 86. 5 17 40. 56 3.927 2 1.327 434. 33
75 16. 59 13. 41 67.42 382. 94 75.29 91 18.59 41. 74 3.804 1 1. 38 436. 42
76 13. 41 13. 41 79.58 382.94 75.29 91 18. 59 40. 03 3.803 2 1. 227 447. 25
77 16. 59 13. 41 79.58 382.94 75.29 91 15. 41 40. 97 3. 842 1. 321 439. 66
78 13. 41 16. 59 79. 58 382. 94 75.29 91 15. 41 41.15 3. 880 6 1. 280 436. 29

79 16. 59 16. 59 79.58 382. 94 75.29 91 18.59 40. 38 3.942 1. 301 428. 39
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Fig. 7 Sensitivity histogram of X, slide
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Fig. 8 Response surface results for each parameter
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Tab.7 Optimal solution set for X, slide
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Fig. 9 Performance comparison chart of X, slide before and after optimization
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Tab. 8 Performance comparison of X, slide before and after optimization

PEREIR AR Jiit/ kg HRRARIE /um K 1/ MPa — Wi/ He
AT 41. 988 3.713 8 1.309 3 446. 82
etk sm 39.776 3.678 2 1.229 1 460. 77
Al —5.2T% —0.96% —6.13% +3.12%
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Fig. 10  Structural diagram of tool holder before and after optimization
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Tab.9 Performance comparison of tool holder before and after optimization

PERERE bR it/ kg BRI /um e KB 1 /MPa — Wi /He
R AD) 215. 04 1.724 9 1.309 5 243. 34
A= 217.55 1. 620 8 1. 287 4 250. 22

AR L +1.17% —6.04% —1.69% +2.83%
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Fig. 11 Performance comparison chart of tool holder before and after optimization
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Tab. 10 Performance comparison of the complete system before and after optimization

PEREFE AR B KAZTE /um KN 1/ MPa — AR/ He
ek 8.309 9 2.2819 127. 4
KA 8.169 3 2.226 5 129.12
AR A —1.69% —2.43% +1.35%
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