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Measurement and Prediction of Dimensional Error in 3D printing -
Toward for Learnable 3D Printer

MASAHARU SAKAMOTO'! TADANOBU INOUE™
YASUNAO KATAYAMA!

Additive manufacturing, also known as 3D printing, has been gaining considerable interest in past few years. Generally, people
may believe that anyone can make a desired three-dimensional shape using the 3D printer. However, in reality the engineering
knowledge and the experiences are indispensable to make full use of 3D printers. Actually, a technical expert often adjusts
process parameters of a 3D printer and modifies shapes of the 3D model in order to minimize the disturbances, since for
example, the shrinkage of polymer materials or metal powders significantly affects the accuracy of 3D objects. For all of these
reasons, we are developing a software component to provide optimal shape corrections for minimizing the dimensional errors in
3D objects. In this study, we implemented a machine learning method to model mathematical relationship between manufactured

part dimensions measured by a 3D digitizing system and the CAD model dimensions. Our method is universal in predicting

dimensional errors with little dependence on process models.
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Figure 1  Shrinkage compensation experiments for inverted
T-shape parts.
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Figure 2 Dimension error of inverted T-shape parts

2.2 Test Element Group (TEG)
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Figure 4  TEG for shrinkage rate prediction.
# 1 TEG OJEIR & BRI K OHE23]
Table 1 Geometric features, their intended purpose and
dimensions.
Feature Purpose Number and dimensions
Flat Base Flatness and straightness 3 (90 mm x 50 mm x 3
mm)
S.quareness, parallelism, 12 (15 mm x 15 mm x 15
Cube linear accuracy and
.. mm)
repeatability
X directi Y
Cube with Roundness, cylindricity, 3,( .II‘CC on), 3,( .
Lo o direction), 3 (Z direction),
cylindrical accuracy and repeatability .
L. All holes with diameter
hole of radius (internal)
10 mm and depth 15 mm
Sphereness, relative
d tabilit
Half sphere | 2CCUTACY ANCTEPEAEOIIY 3 15 1) diameter)
of a continuously changing
sloping surface
Round lindricit
, ouncness, cyuncricity, 3 (10 mm diameter, 12
Cylinder accuracy and repeatability .
K mm height)
of radius (external)
Roundness, cylindricity 3 (Outer diameter 10 mm,
Hollow L . :
Cvlind and coaxiality of inner diameter 7 mm,
yunder cylinders height 16 mm)
Cone Conicity, sloping profile 3 (9.65 mm base
and taper diameter, 18 mm height)
. 3 (30 degrees), 3 (60
Angularity, d
Angled ren?a]t:‘tr)lil}i/t azt;l;r;c]};gn degrees) base 20 mm,
Surfaces P yolang height 8.7 mm, width 5

surfaces

mm
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Figure 5 Color map of dimensional deviation between the
measured TEG and the CAD model.

34 HET—42OmME

TEG OE~TEE CAD 5 NAD~FiEE DEZRET 5 7=
WIZ CAD EFNEHE Y Y 2R ET HHNE
NH5H. K 6IZHFENRy hTH T S EERT. o
7Y 7R, X BLOYY FHENZ 1 mm, Z FA)IZ
L7, &Y 7 HIT 99108 RTH D,

WIZ, B 7TICRT R 2 AHORSZIET 2. A
T, 202 R EIEA T v R LS. & L TEG
LORBEANT  ROESD, #IET5 CAD 5/ ED
RAEANT Y RORES L0 LW & & (TIUHE & S

Z 0.4 mm

X 6 TEGZFm EICRELLEY LTI IR

Figure 6  Sample points on TEG surface.
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Figure 8 Shrinkage of half-spheres on the manufactured TEG.
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Table 2 Features for shrinkage prediction

X Y z

CAD length CAD length CAD length

.. - X position of
Y position of strand X position of strand P

strand

Y position of

Z position of strand Z position of strand

strand

Length of right strand Length of right strand
Length of left strand Length of left strand
Length of below strand Length of below strand
Length of above strand Length of above strand
Center position of strand Center position of strand
4. WP RER

WEIEWITER Ny FICSLTRL L@ SND T2
WENOREE%T 5. A0, B LI TEG b E)DORE
2T, N=RESICON BB FEAE LT, Eio, SHEN

ERFIZFEIC

a) MATLAB (3 k[E The MathWorks, Inc. ) & & FiHE T3,

T o T D VMG E DN R DN o T BEIBN &
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Figure 9 Shrinkage prediction
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