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Conductive, Ferromagnetic and Bendable 3D Printed Hair
for Designing Interactive Objects

KostEl KAMATA'®)  HARUKI TAKAHASHIZ'?)  KoJ1 TSUKADAL®)

Received: May 19, 2024, Accepted: November 1, 2024

Abstract: In this study, we propose an extension of fine hairs (hair structure) that can be fabricated with
an inexpensive thermal-melting 3D printer. Utilizing the method of hair structure modeling proposed in
our previous research, we propose a method of using conductive/ferromagnetic filaments for modeling and a
method of embedding hairs in a soft resin that can be flexibly deformed. Using the hair structure prototyped
with the proposed methods, we show examples of production that can be used for interaction research, such
as a hair-like interface that can detect touch operations, a brush whose hairs are attracted to magnet, and
a hair structure with a bending sensor embedded in soft base. We conducted a user test to investigate
the tactile impression of hairs with different materials and modeling parameters, and implemented a design
support system using the survey results to enable adjustment of hair length and intervals based on feeling
indexes such as soft and light tactile sensations.
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Fig. 1 Modeling process of hair structure and design system.
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Fig. 2 Hair structure attracted to permanent magnet.

R, WPt Yo L) IR & T 7 L & OIREE & KT
EPSEHIATEL L HI2h 5.

KEFZETIE, BEEMET 4 T A 2 b & o T 7 TR
D 3D 7)) v b EREAT ERHROBHEE LR R A DS
TAoTLE )N, EORE, HE KRS LLo#ER I
A=Y EELTETNVEERIRETH L Z L5 hoT.

5.2 BEMETIACB

BT 1 9 A 2 b EiZ, PLAMIIRICER R % IR 74
fl§7 45X THAH I TEWESEPLA 7145 A2 b
(Proto-pasta MIPLA)*2% Kt & L CEME L EE L 72,
FMARPBEZINTHDLZ EIZLY, ERWICEEDONH
WA 5-END. 20745 Xy MEIEEW I a2 5
oL EERENE LTHEREINTY A, Bk 2ME
LT, ERBEOBLIIC L) ERIERRFRE L BEM O
FEIZHTHWNTL ZOEMPEH IR TV

ARG TIE, SR T 1 5 A ¥ b & o TR 7 TR
D 3D 7)) v hERRAKR. KRR THWAERETIE, AT
AV OEET ) ANVREZHERTH S 200°C £ D b 20°C
FRREL, 749 A MO LM LES 110%I129 5 2
ETCHRELTERTE L Z Doz,

BT 4 AL PRS2 TD 3D ) YT, B
ORE, BE, RSQhEOBEYNRITA—S2RHELCET
VEERWTEETH D2 Emh otz B LTS
B 20k, BOGBHAIZT] EZHE LN LD
ﬂ#ﬁ%ﬂt.é%_,;ﬂiT@PmAﬁﬁﬁw%%ﬁ
I HLFTHY, BmEMEOTHEZ T I - R TR
WA R D BT LM RETH 5.

5.3 EEBEDVT LI ADIBDHAAR

3D 7)) ¥ F LCEBROTBHEOW NG, ZE L TEE
TEHLDIZ2DODBICE > TEOWMMWmAFET EINT WS
(M1®). 3D 7V ¥ MEIX, By F—F A T72HTH
MEGYHET LI ) BEELZERNIEE. 20720
EHEO TR L 2o TV B EFIEEVIRIKICZ > TB Y,

*2 https://www.proto-pasta.com/collections/all/products/
magnetic-iron-pla

© 2025 Information Processing Society of Japan

3 LIUVIIEERMTT 5T

Fig. 3 Process of planting hair into soft resin.
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Fig. 4 Forming method of a silicone mold suitable for hair

planting (a—c). Appearance of planting hair structure

(d).
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Fig. 5 Hair movement by bending the base.
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Fig. 6 The change of LED and capacitance by touching con-

ductive hair.
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Fig. 8 Prototype examples using ferromagnetic filaments.
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Fig. 9 Example of measurement using embedded bending sen-

sor.
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Table 1 The detail of hair structures used in the experiment.
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EfE B | 20mm 2mm PLA

EfErE C | 80mm 2mm PLA

FEffE D | 40mm 1mm PLA

EffE E | 40mm 5mm PLA
E#EF | 40mm 2mm HEM PLA
EffE G | 40mm 2 mm ek PLA
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Fig. 10 The setting and hair structures used in the experi-
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Fig. 11 The result of different lengths of hairs (A-B, A-C).
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Fig. 12 The result of different interval of hairs (A-D, A-E).
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Fig. 13 The result of different materials of hairs (A-F, A-G).
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14 FEEEIATLADOA V5 72— AL 3D ETFNVOHTIH
Fig. 14 The design support system and an output example.
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Fig. 15 Changing 3D view with sensibility parameters.
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*3  https://www.food4rhino.com/en/app/human-ui
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