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Abstract: CNC five-axis machine tools, with their outstanding advantages in machining accuracy, efficiency, and adaptability, have
been widely used in the machining of precision components. However, due to the numerous geometric error elements in five-axis machine
tools, conventional measurement methods suffer from long measurement time and high equipment cost, thus failing to meet the
widespread demand for efficient accuracy testing. In this paper, a one-installation measurement device and method for geometric errors of
rotary axes of five-axis machine tools based on on-machine measurement is proposed. A stepwise identification algorithm for rotary axis
geometric errors is also designed for this measurement method. The method utilizes an on-machine probe to measure the actual position of
the standard workpiece fixture during the machine tool’s motion. The measured data are then compared with the theoretical values. By
combining the machine tool’s spatial error model with the identification algorithm, it is possible to fully identify both position-independent
geometric errors (PIGEs) and position-dependent geometric errors (PDGEs) of the rotary axis. Numerical simulation results show that
the proposed method can accurately identify ten geometric error elements, with identification accuracy over 95%. Experimental results
demonstrate that this method significantly improves the compensation effect for angular positioning errors, with compensation accuracy

increased by over 70%. To further validate its accuracy, comparative tests were conducted on the identical test specimen using the XR20
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wireless rotary axis calibration device and the XL-80 laser interferometer. The results indicate that the average agreement of the

identification results obtained by the two instruments exceeds 97%. The entire measurement process can be completed within 15

minutes, greatly improving measurement efficiency and providing support for further research on thermal errors. The measurement method

proposed in this paper is a universal method for the geometric error measurement of rotary axes in machine tools with various sizes and

configurations. It has obvious advantages in reducing the cost of measuring tools and improving measurement efficiency, and possesses

good application prospects.

Keywords : five-axis machine tools; volumetric error; on-machine measurement; standard workpiece; error identification; error
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Table 2 The results of error identification for
PIGEs without measurement errors
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Table 3 The results of error identification for PIGEs

with measurement errors
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Fig. 8 The results of error identification for PDGEs with measurement errors
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of geometric errors of rotation axis

TAFRCAE 3 Ak L F AR R o ey T AEALI
I EREER g, T R D0 ek 45 2R A A R T
P BRIERR WA 20T 28 W o 1) JLADRS B2, 2R LB AR N 22
B BE 8 25 SR AF A Bn ik BIROKR GO, LR T o it e
AR E AR RO RIS T i Aot LA
3 G TRDHEL e 26T 00 £ 295 2R 58 R e, B T L AT NS i
S, FOA BRS39S R R e AR RE 1 L &
R TS Pl T PR B M SRR

75 T R ER AR ER BRI MG P B,

JTEA24 20. 001 2 mm , BRAYGIE EERES B <0. 25 pm , BR N5
TN ERT KT 23 mm K EB S A M6 1B4, il 224
FEIN T T AR AR R 25 T A Al 8 o i e e 2% 48
TAFFEAERLI B FE o, 2 Sk i ) DA A B R
Fr#8 A S EVE R, BT A=A SN S S AR, AT 5 |
BRI 8 A i 2 5 5 T 00 5 A B 4 BLSEPE L %5 R 3 A
AL Sk 1) 5 /NI 2 43 BER O 1 o, Ay 3 5 T A 58 14 A8 T
Bk TR ZEIR B IS T 5 R I S B AN S g A
FLSE LR 22 , A SOKE T A 45 K25 il A8 T J2 il 48 A 13052
AR 1 wm,, IR BME A5 E RES PRIE . 76 e AN R
BB GERMMh ST Z0F T, AETE 152 25459 BR il 76 I 2 2R
GEorHRAE T LAY, DT 48 w2 0 e 5 B v] R R S S
PR AT {5 BE . AR =X (25) AT DAXTHEAT 1Y B A ik

R o B
FP
W, == —
3EI
ql’ (25)
w, =— ——
8EI

o, tw, <1

Ho o APURE  F AT T 32 2 B4 1 77, 1 9 FF Y
K E RS, 1 o AT R p PR, 5 3
(AR WDE X S TR

B ER| TR R PARE PR R N TR
PRI AU LA S0 LA AN 5 8 1B FL A 3
3 P EHE N TR RE, 3% 4 512 T 3 R BHHSCHY )
FLRMYBSHL,

x4 3IMEBEAFEREFIE RS E
Table 4 Mechanical and physical properties
of the three materials
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Fig. 10 The simulation results of deformation at 90°
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Fig. 12 The installation of standard workpiece and probe
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Fig. 13 The identification results of PDGEs of test machine tools
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Fig. 14  The identification results of EAA before and

after compensation
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Table 5 EAA errors before and after compensation
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0 _ _ _
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180 - - -
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Fig. 15 The XR20 angle measuring instrument

experimental arrangement
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Fig. 16  Principle of angular positioning error

measurement with laser interferometer
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Fig. 17 Comparison between on-machine measurement

results and XR20 measurement results
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