1EERALIE

Foimxas Vol.63 No.2 482-490 (Feb. 2022)

TI7Z=HIV/ — ]

Karlalpg & BE MRS R+ A4~ 7 EIWIC
BENER A A Lo md Yy —E s 1 3 fA%@%&

BEIE JUHELY AT MERC PR REE? R RS IEHE wmdt Fl T
BtH 202145070, K53H 2021 £9A9H

BE:. {7 Vxy NIRRT REREBIRF JRFA 7 OERIZE D B, AP Y — 2 L —F
s7u3Iv Ay ENAEDEBEECTHTEOE WY 277 7V T 1 AT LA 2% i&ﬁéﬂfw
5. WEOEAIE > THMICERT A2 —E 70 I RLZBH LT 4 A7 LA 3N - GEI0RITE
IZE A RIDEEAREE SNTE 7. Z 2 CRIIECIIRG I &1 2 K11 >~ 7 FIRNC X % %20l
A LEEY —E 70 I AAGIEHFEEZRFET S, FFMERE LT, KFHEOLFEIZ L 2 EH
5 — VHHRE OB AT, METFHOAFMAEEMEEL 72, $£72, HEREBEZIRT A2 ATHET N A
PerformEyebrow, #—€27 10 I A2 %0l L7282 BT v 47—k &wvoiz, RIFZEIZBIT 2 & HsE
Rl FEEICH L7 7 ) r—a v e El L, #icae 270 THTE Lot R L7,

F—T— K ERNE, ki

High Speed Thermochromism Control Method

by Integrating Water Cooling Circuit and Electric Heating Circuit

Printed with Conductive Silver Nanoparticle Ink
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Abstract: With the widespread use of inkjet-printable conductive silver nanoparticle inks, lightweight, thin,
and portable wearable displays that combine electrothermal circuit patterns and thermochromic inks have
attracted much attention in recent years. Thermochromic displays, which undergo reversible color change ac-
cording to temperature change, have a problem of low responsiveness due to the delay of heating and cooling.
In this study, we propose a high-speed thermochromism control method that integrates a water-cooling circuit
and an electric heating circuit using silver nanoparticle ink printing. As an evaluation experiment, we com-
pared the cooling time of an electro-thermal pattern with and without the water-cooling circuit and verified
the usefulness of the proposed method. In addition, we have developed applications such as PerformEyebrow,
an artificial eyebrow device that extends facial expressions, and dynamic masks and questionnaires based on
thermochromism, which demonstrate the potential of our high-speed color control method as a new media
technology.

Keywords: clectric heating circuit, water cooling system
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Fig. 1 Electric heating circuit pattern.
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Fig. 2 Temperature change when using each cooling material

(room temperature: 20°C, water temperature: 2°C).
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Fig. 3 Structure of the proposed method.
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Fig. 4 Integration method of water cooling circuit and electric

heating circuit.
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Fig. 6 Scene of the experiment.
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Fig. 7 Tubes and electric heating circuits.
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Fig. 8 Temperature change when different voltages are applied
to the pump (room temperature: 20°C, water tempera-
ture: 19.5°C).
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Fig. 9 Temperature change when using cooling water of dif-

ferent water temperatures (room temperature: 20°C,

pump voltage: 5V).
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Fig. 10 Temperature change at different room temperatures

(water temperature: 2°C, pump voltage: 5V).
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6.2 BLEE

B 12(@) 0 k512, ¥—Fru3Iv s A 7 LEHN
Br HOTERPHNLE Vo 2B 2 FRPHE RS DL &
HTELENN LB EE L IIIREL T2 [15]. TOE
WRICR B 720 IZHIRGH O E 90 B h 2 DI L, K
HERVLEAEZ 10 E 20, KIE 2 E A RE &
7 o 7z. PerformEyebrow & FffIZ, $eEFESYy—F 7
03I AL%EFCIZEREIERT A A7 LA NOILHICER)
THHLIEDVGDA.

6.3 BLETL4H— b

X 12(b) ® & 912, ME LI —Er0Iv A0
WAL, MOBEMIEGEE S NA-EEANBIC L > TERIC
OS2 HT v r— b ~DIEHbEZONS.
N=ADHIARTH 5720, K 12 (b) O & ) ITHIRO YK
ICEEDFAZELTRETH A, TOBIK (X 12(b) LAl
DEEOIRAE) (Z54IIR A 720 2 FIRGHITIE 150 7
Wo7zDIZH L, KEZHWALE20HELRY, KEIZLS
WMEDPHERTE 2, MR EEXR=RE L7 Fa sl A7 1
TIBFLF =203y 275714 A7 LA DGR LI
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BOWTHORETFEDIFNTH S Z L2557z,

CDEHNZ, Fa—TILbKEEHNEZ L THERT
TLUF T ITNGGEGHTENERTE L, Y14 X0 xEh A
FRARXTELLEVIFEREIZLD, L ADPLE Vo 725
- BMARICSHITETH L. ZOIENICH, AV bh
D& BAAETR L) 32 Lo FRHRYENDISH b #
N5,

7. FEOH

AEFFETIE, ARwhEg e @ /R4~ Z7HRNIC X 58
AN LA LmdEt —€ 70 I X AT EEREL
oo MEFEICL ST, BREHNI D b E@E R EAMBO
WHD R L %o 7z, BRI OGHIFEOEKE, WHIK
DR, BiRIZBIT L, GHERICOWTHIELZ. 20
M, BAMBOGHEEILEKEICE > TEGE RN
L) =T, WHUKOEEE R E AN E AR 2 FE T 5
INTGRA—=FTHDLZ DGtz iz, NITEETNA
A PerformEyebrow Z1x U & LT, IREFELHEA L7
TV =g v ERIREL.

SHROMEE L TUE, £ 20K % SR G HIVERERE
SR, RETHEEY—T 70 I X2HETEORT
TNORESE, B L7727 7)) 75— a YOl Eh3e 1T
b5k,

BEE OARICHDMTICHY, BEELLE o
FIDTOMERIRFICEEH N L E T, T, KRR
JSPS BHiffE 19H04157 OBk % %\ 72d O T .
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