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Design of High Speed Spindle for 5-Axis Machining Equipment
Equipped with Piezo-Electric Load Sensoring
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ABSTRACT

In this paper, we reviewed the spindle system's motor and bearing and its mode safety for optimal design of
a high speed spindle system that exceeds DmN value of 1,500,000. We could verify that it has a separation margin
during critical speed by performing critical speed analysis. Also, we have selected an optimal sensoring installation
location and actually manufactured & installed the sensor by identifying the stress concentration position in the
axial load through finite element analysis to install the built-in piezo electric type load sensor to the spindle
housing that can measure and monitor the machining load during high speed rotation of the spindle.
Reproducibility is also verified by calibrating the error through the sensor's sensitivity adjustment after comparing
the output between the plate dynamoneters and the load sensor to confirm the reproducibility of the load sensor.
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Fig. 1 High speed spindle technology
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Table 1 Comparison table of design specifications

Description 1st Model 2nd Model
Max.Speed 30,000rpm 40,000rpm
Bearing (éeramic angular contact Ceramic angular contact
all bearing 350, @45  ball bearing 45, D35
Preload Constant pressure preload Constant pressure preload
Lubrication Oil-mist Oil+Air
Built-In Motor  Fanuc Bil 80S/40000 IBAG HF120AI36HK
13kw/5.9Nm 12.6kw/5Nm
Cooling Oil coolant Water coolant
External Dia. 210mm 153mm
Spindle Length 591mm 541mm
Tool Type HSK-E40 HSK-E40

Fig. 2 Lay-out of the spindle system
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Table 2 Mode shape of spindle system

Mode 1st Model 2nd Model Mode shape
¥ P
Ist 498.7Hz 1284.6 Hz i |
R \
¥ -
2nd  707.6 Hz 2172.7 Hz T
[ =

3rd 1363.8 Hz 2195.6 Hz (t\‘y\\ e

4th  1835.1Hz 2195.6 Hz
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Fig. 3 Rotor dynamic FE model of spindle

Table 3 Natural frequency of spindle system

Mode Freq.(Hz)

1 1,337.1

2 1,342.3

3 1,805.1
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Fig. 4 Ciitical speed map of spindle
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Table 4 Load sensor’s spec.
Type SlimLine 9131B
Measuring range 0-2.5Fz[kN]
Overload 3Fz[kN]
Sensitivity -4.0[pC/N]
Dimensions 7.0mmx3.0mm
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Fig. 6 Available position for installation of load sensor
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Fig. 8 Analysis results
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Fig. 13 Output signal after error correction
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