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Analysis of Key Geometric Errors of Sand Mold 3D Printers Based on
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Abstract: The sand mold 3D printer for casting is used to process high-precision sand mold parts. In order to
study the influence of the geometric precision of the sand mold 3D printer for casting on the finished product
precision of the printed sand mold parts, the topological structure model and the 21-item geometric error
model of the sand mold 3D printer can be established through the multi-body system theory. The degrees of fit
between different error items and the part printing and processing elements vary, which leads to significant
differences in the influencing forces of these error items on different part printing and processing elements.
Therefore, the paper proposes a method model for identifying the geometric errors of the typical part printing
and processing elements and performing precision compensation on the 3D printer. When considering the
processing elements of the sand mold 3D printer, we select the typical parts that the printer can fabricate. For
example, spheres, truncated cones, rhombic platforms and rectangular platforms are typical printing and
processing elements. Based on the error sensitivity, an analysis of these typical printing and processing
elements is carried out, and then the identification of the key geometric errors of the printer is achieved. The

identification method model has been experimentally verified on the JCAM-JC1218 sand mold printer. The
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accumulated influence factors of the key geometric precision sensitivity obtained from the verification are

generally greater than 90%. This result indicates that the identification method has high accuracy and

reliability under the experimental conditions of real equipment, and can effectively capture the influence

factors of the key geometric precision sensitivity, providing strong data support for the further optimization of

the performance of the sand mold printer.

Key words: sand mold 3D printing; part processing elements; geometric precision; multi-body system

theory; precision compensation
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Fig.1 Schematic diagram of the structure of the sand mold

3D printer for casting

R4 22 7K 2 40 #1e X RD #0 T ED ML AL A 45 44 1F
TTHFNGE R 43 BT, 4 URHE B2 5 1% A 5 1 3 45 O 8
A, IS JE D A AR LA ot O 5 A ST B 3 AR
R0, Y [ HE 45 L B I FT ERRR 92 C LA vty
RS HE ST AR R L, DL X [ aE 25 ML h %) 4T Ef
e D LA L Ry SRS HESE AR AR R 2, Z 1) E 45 B HIL
A ) WD AR FE AR E JLA HhO Ay T ST AR AR R 3
Horp ARV L AT SE B X T2 AR R O Y W)
B, MR R 2 A] S E A T SRR 1Y X R as B,
AR 3 A S IARXS T2 AR R O Z 15 5l .
b7 3D T ER AL A HLAR 45 1 B2 L4k $ 2544 7 2 181 4n
K 2 i o

1t Bh 22 7 1A 8l 71 % BRAS DA SR 1 22 45 04 50 A
D5 3 4 X e 5 0 8 3D 4T ER AL T X R Y 4%
BT AR5, an e 1w

7

2

N

-C

2 #iEab Al 3D $T EDHLAL 3 BE A1 Fh 45 44
Fig.2 Topological structure of the transmission chain of the

sand mold 3D printer for casting
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Table1 Low-order body array of the sand mold forming

machine
S 1 2 3
L°(j) 1 2 3
L'(j) 0 1 0
L*(j) 0 2 0
L°(j) 0 1 0
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Table 2 List of geometric errors of the sand mold printer
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Fig.3 Three-dimensional model of typical printing and

processing elements
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Fig.5 Analysis results of sensitivity factors for printing and

6z

processing elements of the sphere
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Fig.6  Analysis results of sensitivity factors for printing and

processing elements of the truncated cone
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Table 3 Key geometric errors affecting the sphere and

the truncated cone
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Fig.7 Analysis results of sensitivity factors for printing

elements of the rectangular table
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Fig.8 Analysis results of sensitivity factors for printing

elements of the rhombic table
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Table 4 Ranking of key geometric errors affecting the

rectangular and the rhombic table
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Table 5 Analysis of the proportion of key geometric ac-

curacy
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Fig.9 Sand mold parts produced by sand mold 3D printing
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Fig.10  Distribution diagram of part inspection items
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Fig.11 Hand-held non-contact measuring instrument
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