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ABSTRACT

This study was conducted to evaluate the structural stability of a CNC automatic lathe structure and avoid
resonance. The analysis conditions were analyzed by applying the weight of the upper assembly. From the structural
analysis, the stress and deformation were low, and the safety factor was high. From the dynamic characteristic
analysis, it was determined that resonance does not occur because the natural frequency is outside the driving range.
The error between the dynamic characteristic analysis and vibration test results is very low; thus, the reliability of

the analysis results can be secured.
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Table 1 Material properties of GC300

Density Young’s Modulus . .
(k g/m3) (GPa) Poisson Ratio
7,300 124 0.3

Fig. 1 3D Modeling of base

Table 2 Weight of spindle

Spindle

Weigt(Kg) 69.48

Fig. 2 Supports of base

Spindle

Fig. 3 Analysis load condition
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Fig. 4 Results of base structural analysis Table 4 Natural frequency and mode shape
Natural
Table 3 Results of structural analysis Mode Frequency Mode shape
T Result st Bending along Y
ype esu 1% Mode 167.58Hz axis at tool post
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Fig. 5 Mode shape of natural frequency(1® Mode)
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Fig. 6 Mode shape of natural frequency(2" Mode)

Impact Hammer

Signal Collector

Fig. 8 Natural frequency experiment concept diagram
Fig. 7 Mode shape of natural frequency(3™ Mode)

Table 5 Spec. of impact hammer(PCB Ltd. co., 086D20)

Description Unit
Sensitivity(+15%) 0.23mV/N
Measurement Range +22240N pk
Resonant Frequency > 12kHz
Non-Linearity < 1% Fig. 9 Impact hammer(PCB Ltd. co., 086D20)
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& ZA 5o F23a Impact HammerE ©]-§3t4 ¢ Fig. 10 3-Axis accelerometer(PCB Ltd. co., 356A15)
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Table 6 Spec. of 3-axis accelerometer(PCB Ltd. co., HammerE ©]&3lo] 9] 717& 1 F 108 4t
356A15) o =R o, g ghee] %‘#MJ 738
Description Unit e =299 ofstel dlelel dehisict
o] = ak
Sensitivity(£10%) 10.2mV/(m/s2) LA fYZ 37H]«l j‘ﬂlﬁi O%AMIOXJ%?
° - Z__ = =z 3 3 — é
Measurement Range +490m/s2 pk 7; i o]i: _—; 13:]::] f—r 160-;]4-#14-6]?141 ;éu:]
+ Flg. ig. o,
Frequency Range(£5% 2 to 5000H -
requency Range(:3%) é Table 80 Y2l 5he] LhERH AT
Frequency Range(+10%) 1.4 to 6500Hz
Resonant Frequency > 25kHz
Broadband Resolution
(1 to 10000Hz) 0.002 m/s2 rms
Non-Linearity < 1%
Transverse Sensitivity < 5%

Fig. 11 signal collector (INSTRUMENT Ltd. co.,
NI9234)
Table 7 Spec. of signal collector (INSTRUMENT

Ltd. co., NI9234)

Description Unit

Signal Range +5V

Channel 4 differential

Sample Rate 51.2kS/s/ch

Resolution 24-Bit
Excitation 2mA
Connectivity BNC
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Fig. 12 Position of 3-Axis accelerometer
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Fig. 13 Result of natural frequency experiment(at
position 1)
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Fig. 16 Result of natural frequency experiment(at

position 4)

Table 8 Natural frequency experimental result

Mode Natural frequency
1* mode 170.5Hz
2" mode 232.5Hz
3™ mode 263.5Hz

Table 9 Comparison of Modal analysis data with
dynamic characteristic experimental results

g Modal g
Analysis . Experime
Number angall%ms ntal data BE
a

Ist | 167.58Hz | 170.5Hz | 1.71%

Nawral | 203.15Hs | 2325Hz | 4.02%
frequencies

3rd | 259.90Hz | 263.5Hz | 1.36%
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