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Abstract

In this article, a specific machine tool spindle is used as the research object. First, the transfer ma-
trix method is used to determine the parameters of the spindle, simplify the bearing and other
models, and the finite element method is used to perform modal simulation of the spindle model
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with prestress. Subsequently, this paper used the vertical two-point method to test the rotation er-
rors of multiple sets of spindles at different speeds, and used the frequency domain two-point me-
thod to separate the errors and calculate the synchronization error and asynchronous error. The
results show that the fundamental frequency of the rotation speed interval of the abnormally high
rotation error caused by the abnormally high asynchronous error corresponds to the first, fourth,
and fifth-order modal frequencies of the modal analysis results. It provides a theoretical basis and
an experimental basis for improving the accuracy and stability of the machine tool spindle.
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Figure 1. Schematic diagram of spindle structure
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Figure 2. Simplified model of spindle transfer matrix method
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Figure 3. Force analysis
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Figure 4. Schematic diagram of spindle rotation error separation
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Table 1. Modal analysis simulation results
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Figure 5. Simulation result mode diagram
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Figure 6. Spindle rotation error test platform

6. THEFRENAFE

DOI: 10.12677/mo0s.2023.124362 3975 R ()


https://doi.org/10.12677/mos.2023.124362

FTDA B, T 2 160 3 22 SRR O T LA 2 U B, DUBA TiW ISR
4. EHEFFIREM

5 FH 56 [ MERRS % SEA. 3= b 0] % 22 0 M SO0 2% A AT K K1 S 4n B 6(a) s, b g 14
6(b) 9 FH SR 22 355 A% I 1A A et SR v 7 A ol DA S 23 E A B AR EER, r 8 A% IR i A\ AR I8
HERFLr IR S AR [ e, AR AERRBLE € AL — 8 0 ) S BTA0), i 35l b T T RLA T & AR
Thl o E(o) BB R BA A R, RS IR AR R, REREH] NI-6306 K
R, i USB IEFTF SN, EI(d) B REM DT P A, FORBCE SRR TRIRBEES L IF
TRAFI R AN R SR A -

W i AL RS 22 B A AL A BL P ORI R, W E A 20 FElEAT — P8y, [IFR 100 rpm MK 4 100
rpm £ 8000 rpm F I X (A AL IR %, TFHE0 B IR RZM DR 2, AREAFHE T 1 ml 5%
WREGR, W EHEAT R 2 .

Table 2. Rotation error analysis results
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Figure 7. Line chart of error separation result
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