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Research on Calibration Method of Five-Axis 3D Printing Equipment System

CHEN Hongyu, DAI Ning, WANG Hongtao
(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

[ABSTRACT] Five-axis 3D printing equipment enables the printing of complex curved surfaces with varying curvatures,
playing a significant role in the aerospace industry. Calibration is a crucial step in ensuring printing accuracy of such
equipment. To achieve rapid calibration of five-axis 3D printing equipment and improve its printing precision, a calibration
method utilizing a calibration object is proposed. Based on screw theory, a transformation model between the machine tool
coordinate system and workpiece coordinate system of the five-axis 3D printing equipment is established, and the quantities
to be calibrated are determined. A calibration object containing five calibration spheres is designed, and coordinates of
the calibration spheres’ centers in the machine tool coordinate system are obtained using the least squares fitting method
for sphere centers. An equation for calibrating the linear axes is established based on transformation relationship between
the calibration coordinate system and machine tool coordinate system, while the rotational axes are calibrated using plane
normal vector solving and the least squares fitting method for circles. 3D printing experiments are conducted based on the
calibration results afterwards. Point cloud fitting analysis reveals that the average deviation of the printed samples by the
five-axis 3D printing equipment after calibration reduced by 91.3% compared with before, significantly enhancing printing
accuracy.
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Fig.2 Fixation plate of calibration spheres
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Table 1 Coordinates of each point to be measured in coordinate
system of calibration

FREI A D, D, D, D, D, D,
o —40 0 —60 0 60 0
% —40 -60 0 0 0 60
4 4 30 30 60 30 30
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Fig.4 Schematic diagram of rotary axis calibration
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Table 2 Sphere center coordinates for calibrating linear axis

B AL R D, D, D, D, Ds
By 129.087 69.135 129.162 | 189.154 129
i 178.701 118.714 117.958 118.66 58.789
o 89.435 91.373 61.037 90.693 92.557

R3 IREREREH C TEIOLLR

Table 3 Sphere center coordinates for calibrating rotation axis C

R 0, 0,
Atr | (0°) | (60°)

o 129.087 | 180.893 | 181.089 | 129.158 | 77.005 | 76.808

o 0, 0, [
(120°) | (180°) | (240°) | (300°)

"yQl 178.701 | 148.675 | 88.458 | 58.206 | 88.001 | 148.183

szl 89.435 | 89.991 | 91.393 | 92.546 | 91.923 | 90.481

R4 FRERERH A FTEBOAR

Table 4 Sphere center coordinates for calibrating rotation axis 4

L 000) |15 0(307) 0.(45°) 0(60°) 0,(75%)
. 129.162 | 129.339 | 129.352 | 129.375 | 129.354 | 129.319
*03 117.958 | 133.553 | 148.591 | 161.595 | 171.822 | 178.309
e 61.037 | 62.589 | 68.313 | 77.691 | 90.22 | 104.834
x5 HREER
Table S Calibration results

FRAETTH X Y Z

o, 0.99998 —0.00029 —0.00568

o, 0.00059 —0.99966 —0.02601

. 0.00057 0.02618 —0.99965

w, 0.99984 0.00900 —-0.01521

o, —0.00110 0.00039 —0.99999

qa 0.01181 —1.21801 0.05605

q. 0.34231 0.22440 -0.00028

W, —128.796 117.558 176.298

K B FHAS SCRR A2 7512 )5 3D 4T BN 4 RO R 2
SR IR BT R, S AR SCHR R 7 3k MOT I A 5 )
(P 8) i Jr i 1 by s i) — 3D ATEN 4%, IF 4T ER
P9 Fir 7 9 11 i TR 70k LU BSIE . 6 H s i, 75
SHCA ] =P AT D SCHER R, 7R R AT T h B
WITENZ A R R IR T7 AR Prbr e i R 2H Y
B3 T A 30 ik B s ) RS LAY 3 A4 T



PN
RESEARCH Hltﬂtex

7 RGN
Fig.7 Multimeter testing

8 FAREM
Fig.8 Square calibration object

9 HEITENEH
Fig.9 Curved-surface printed part
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Fig.10 Comparison diagram of curved-surface printing results
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