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Dynamic Charateristic Analysis of Tilting Turret Systems
Using Finite Element Modeling

Sanghwa Jeong*, Jeayeol Kim*, Sangsuck Kim**, Yooncheol Na**

[L Abstract TJ

In multi-purpose lathe, the design of tilting turret slide system has an important and critical role to enhance accuracy of
the machining process. Tilting turret unit is traveled by 3-axis slide systems. There is a need to design this part very care-
fully. In this research, 3-axis sliding system with tilting turret unit is modeled by considering the element dividing, material
proprties, and boundary conditions with PATRAN. Normal mode and frequency analysis of each structures such as saddle,
careg, and turret are simulated by NASTRAN, for the purpose of developing the effective design.

The results of mode analysis and frequency analysis are visualized with PATRAN, and the design mothod which can
solve the resornance problem by eigenvalues and eigenvectors of each axis is developed as well.
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Fig. 1 Solid egde drawing of tilting turret unit

Table 1 Modeling specification

Contents Axis Spec.
Length 1st 4100 mm
of Slide 2nd 1050 mm
System 3rd 1815 mm
Travel 1st 1100 mm
Length 2nd 270 mm

3rd 510 mm
Motor 1st 2500 rpm
Speed 2nd 1000 rpm
3rd 2000 rpm
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- Modeling 3-axis sliding system with tilting
furret
- Material property, Load/boundary condition
- Solution type
- Mode analysis

- Frequency response analysis

- The results of mode analysis and frequency
analysis are visualized

Fig. 2 Structure analysis procedure using PATRAN and
NASTRAN
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Table 2 Input conditions for tilting turret system modeling

- Finite Element - Finite Element
Node ID : 2041 Node ID : 1083
Element ID ; 7787 Element ID : 4224
- Load/BCs - Load/BCs
Displacement Fixed Displacement Fixed

14700 N : Load on slide of 1st-axis

3920 N : Load on tilting turret slide of 2nd-axis

20~1000Hz @1378 at interval 20Hz

20~1000Hz @967 at interval 20Hz

Damping Ratio : 3%

Damping Ratio : 3%

- Finite Element

- Material Property
Elastic Modulus : 88200 N/mm? Node ID : 2698
Poisson's Ratio : 0.2857 Element ID : 9319
Density : 7.3e-6 kg/mm® - Load/BCs
- Solution Type Displacement Fixed
Normal Modes Analysis 9800 N : Load on tool holder unit of 3rd-axis

- Number of Desired Roots : 5 EA

20~1000Hz @ 774 at interval 20Hz

Frequency Response Analysis

Damping Ratio : 3%
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(a) 1st axis slide system

(b) 2nd axis slide system

(c) 3rd axis slide system (c) 3rd axis slide system

Fig. 3 Modeling of tilting turret system for mode analysis Fig. 4 Modeling of tilting turret system for frequency analysis
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Table 3 Mode analysis result of 1-axis

MODE GENERALIZED | GENERALIZED

EIGENVALUE CYCLES(Hz
NO. ) MASS STIFFNESS

7.740729E+06 | 4428035E+02 | 1.000000E+00 | 7.740729E+(6

1.927646E+07 | 6.987692E+02 | 1.000000E+00 | 1.927646E+07

2.030927E+07 | 7.172446E+02 | 1.000000E+00 | 2.030927E+07

2.349204E+07 | 7.714014E+02 | 1.000000E+00 | 2.349204E+(7

O e o PO =

2934884E+07 | 8.622150E+02 | 1.000000E+00 | 2.934884E+(7

27} e 2gelt.

Fig 6 27 25 AlBdo|d ATH2A 13 AE TN
£ Y-42 302 WEYo] dojston] Z-2o sl #|
WA oz Wge] doidg & 4 o

(a) magnitude

F3 $gEAe @& Aol AAY v} o] e
N 23} 7Py & fyo] dojd AP (@1378)) 23 3
2o 28 W 33 14700Ne) $H83 & $a0go
2 /MG BHdA At Fue SEHAS Ane
Fig. 73} 7t}

Fig. 72 2-¥] 443Hz 3 2ol A 2esld 23 deigd
12 2ol ooz & AEo] dojdg ¢ # itk 1
% YEre 2EHA £2& Table 194 Jn&%7t
2500RPMo.2 43 slgong 41.7THzolH 71 & 9
B Ago| WAt 99 oA Yehd die} gof F
AFEs7t 124 ZEofA 443Hzo|E2 EHEF o] F
A2 15 AERAME Ad Id &2 9 9%
A% G ¥4 e AFE N2"Ye ¢ 3l
o}

(b) x-axis

(c) y-axis

{d) z-axis

Fig. 5 Simulation Result of 1st Mode for saddle
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(a) magnitude

(b) x-axis

(c) y-axis

(d) z-axis

Fig. 6 Simulation Result of 2nd Mode for saddle
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Fig. 7 Displacement of z-axis versus Frequency at node
@ 1378 of saddle
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Table 4 Mode analysis result of 2-axis

MODE GENERALIZED | GENERALIZED
EIGENVALUE CYCLES
NO. MASS STIFFNESS
1 1474111E+06 1.932348E+02 | 1.000000E+00 14741 HE+06
2 233ST39E+06 | 2432384E+02 | 1.000000E+00 2335739E+06
3 1.558616E+07 6283326E+02 | 1.000000E+00 1.558616E+07
4 1.693012E+07 6.548624E+02 | 1.000000E+00 1.693012E+07
S 2495646E+07 T950815E+02 | 1.000000E+00 2495646E+07
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Fig. 8 Simulation Result of 1st Mode for careg
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(a) magnitude (b) x-axis

(c) y-axis (d) z-axis

Fig. 9 Simulation Result of 2nd Mode for careg

Table § Mode analysis resuit of 3-axis

MODE GENERALIZED | GENERALIZED
EIGENVALUE CYCLES(Hz)
NO. MASS STIFENESS

3.064835E+06 2786273E+02 1.000000E+00 3.06483SE+H06
5.382234E+06 3.692338E+)2 1.000000E-+00 5.382234E+06

8.047002E+06 4.514786E+02 1.000000E+00 8.047002E+06

1.243239E+07 5.611739E+H02 1.000000E+00 1.243239E+07
1.524064E:+07 6.213290E+H2 1.000000E+00 1.524064E+07
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(a) magnitude

(c) y-axis

(b) x-axis

(d) z-axis

Fig. 11 Simulation Result of 1st Mode for turret
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Table 6 Results of normal mode analysis

Mode Frequency (Hz) Max. node

. 1st Mode 4.428035E+02 @node 1378
Ist-axis

2nd Mode 6.987692E:+02 (@node 1362

. 15t Mode 1.932348EH2 @node 967
2nd-axis

2nd Mode 2432384E+02 @node 26

. 1st Mode 2.786273E+02 @node 774
3rd-axis

2nd Mode 3,692338EH2 @node 705
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(a) magnitude

(b) x-axis

(c) y-axis

(d) z-axis

Fig. 12 Simulation Result of 2nd Mode for turret

Table 7 Comparison of natural frequency and motor speed

Resonance
Max. Motor Revolution
frequency
speed (RPM) frequency
(Z Axis)
1st-axis 442 Hz 2500 41.7Hz
2nd-axis 193 Hz 1000 16.7Hz
3rd-axis 279 Hz 2000 33.3Hz

Fig. 13 Displacement of z-axis versus Frequency at node
@774 of turret
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