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PaperPrinting
—Digital Fabrication of Paper and Design Applications—

Wataru DATE®, Yumi NISHIHARA™, and Yasuaki KAKEHI*™

Paper is a material that is used for a variety of applications such as fabrication and documentation. In recent
years, there have been many researches that have added new features to paper by applying printing and
processing technologies. However, in most of these cases, ink is printed on the surface of commercially available
paper, which makes it difficult for users to customize the paper. In this paper, we propose PaperPrinting, a
fabrication system that applies the 3D printing method to printing paper itself. In our method, we turn regular
paper into a gelatinous material and use a XY plotter for fabricating sheets of paper. With this method, users are
able to fabricate customized paper by choosing the materials, designing the shape of the printed paper, and
partially changing the materials, which is difficult to achieve by using the existing papermaking method. In this
paper, we describe the overview and implementation of PaperPrinting and present several fabricated paper
prototypes.
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Fig.1 PaperPrinting’s output process and output examples.
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Fig.2 PaperPrinting’s system configuration and fabrication
process.
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Fig.3 The effect of different drying process on the printed

paper. (a) Dried without pressing. (b) Dried while
pressing an additional bed on top.

3.3 FJHHER

WO 2 #E, MRIINL L 728K & imil& = h 2k
WMLCRAETS. ERE228%, B (SFAZ A+
HS-15) ZFIH LT 1 4 EEEMB L TRIRIC S 5. s,
BAREANVKEF Y AF VLT — R (Carboxymethyl cellu-
lose. LLF, CMC &529) - XY M A b - 7 T Vo 3HlH
OMEE, A% —35 (Stirrer: 7 X7 ¥, HS-50E) #FIH L
THIFL 22 BERT 5. 20k, MEBHRERELTATY
—ROEMZERST 5. MEKDATEMZHER LIS, ¥
VY VIRANTENZMZ THMAPM M TE R0, Hitkz
B2 572012 CMC, #EZ LIF57201CRY v F4 -7
VEEEMAS.

34 FTHAUTF—4

SR OFEHETIE, Y AT AICAIT ST — %1% Adobe Tllus-
trator ED 7574 v 7V T7 vy 2T EFVTERL, SVG
(Scalable Vector Graphics) 7 # —~v FZFfH T 5. 2
i, L6mm @/ ZVEEE VT 100 mm? O E HH$ %
72O F—4513, 25mm ORIEE LD 41 ROME Y] S8 72
F=r b, Fl, EBRZT TR WO LD HoOIBIR
2, MV — bR MOEIIEEE 52 5.

35 HAH

SERWIE, — 7% 3D FU DX HICRy Fo Bl
T5, AMe&E, 77 INEEOEEEEMO ST S
ZENTEL. WWMHEROERMIKG EEATEY, fiih
D, Ny FPoBEXELLEEIPNTLES. 20720,
Ny FZHHBRICHOBNEB %) 72012, By |
TERBEBTXLIENET L.

R TlE, BEWOWE? SRS L2HMELT,
150 Ay ¥ 2a0R) AT VORI 5. iZzDF %
TRRELTHNT LI ENTER WD, Ai % RPIREE L
b0y KL F72, WK, Xy FOTHICEM O
KEEWINTHZEEFZHMELT, AF53I VARV IEFHW
72, BAEEEIE 100 mm? OIE TS HSREES L. /-,
R M EBISETEMARICA L WA, ) vy
CEMERT L THERINTES.

3.6 EEMOEZREIRE

WK G EL0, RIS TRPLETH L. |

(20) The Journal of 4D and Functional Fabrication No.1 (2020)



DATE, NISHIHARA, KAKEHI : PaperPrinting—Digital Fabrication of Paper and Design Applications—

Table1 The printing material's mixing ratio and, viscosity.

Mixing ratio (Water : Paper : CMC : Bentonite : Citric acid) (wt%)

Viscosity (dPa - s)

(1) 100% pulp waste 905:45:32:09:09 1354
(2) Wood free paper 905:45:32:09:09 18.92
(3) Wood free paper (double) 865:87:30:09:09 19.08

pulp waste

: mm  Dispensing pressure : 5.0psi

(2) Wood free paper
Dispensing pressure : 5.0psi

(3)Wood free paper (double)
Dispensing pressure : 8.0psi

Fig.4 3D analysis of the printed paper. (top) Enlarged image of the printed paper. (bottom)

3D analysis image.
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Fig.5 Comparison of the fabricated paper, watercolor paper, origami paper and copy paper. ( a) Changes in
Dispensing pressure and Transparency. (b) Changes in Dispensing pressure and Thickness. (c)
Changes in Dispensing pressure and arithmetic mean height. (d ) Changes in Dispensing pressure and the
amount of the material.

(3) Wood free paper (double)
Dispensing pressure : 5.0psi
(Reference) Copy paper
1mm

1.0mm marker  0.5mm marker Ballpoint pen 2B Pencil

Fig.6 Comparison of the fabricated paper with the reference paper by drawing with
different writing utensils. (top) (3) Wood free paper (double).
(bottom) (Reference) Copy paper.
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Fig.7 Use of the fabricated papers. (a ) Fabricated postcards that were sent and received. (b)

The folded crane.

Fig.8 Printing paper using different materials. (a) Design data. (b) The fabricated check

pattern paper and lampshade example.
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B 2g OMEREL Lz, BRI 41 o (2) REKLE,
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o 7228, IR —ERERI L 72 W85 % 4 0 R34 ) I
DIEEND &) HEICE DB, B35 2 5R
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5.1.2 FWIKE L TOFA
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DU FES KL v ) BRERZ. T, EMHobIchs
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(3)Wood free paper (double)

I (1)100% pulp waste

Fig.9 Printing paper with a folded line. ( a ) Design data. (b) The fabricated twist fold paper

and folded paper.

\2! k“.lccd free paper

Fig. 10 Printing paper in a mesh pattern. (a) Design data. (b) The fabricated multi-layered

mesh paper.
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£ 57— 9fimﬁ®m®m®m§%ﬂﬁ0®“Aum$ m
P o3 mEIcHET 5 X 9 10#%EH L7z (Fig.9(a)).
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W X DM A KR, EMOREIERLHBIED/ (T
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Fig. 11 SIGGRAPH studio workshop venue and designed paper. (a) Workshop venue. (b) Design software.
(¢ ) Paper fabricated during the workshop. (d) Papers designed by the participants.
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