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A Food Texture Display with Hardness and Shape by Jamming

MANA Sasacawal-®  AriNoBU Niimal-?)  Ryosuke Aokit:©)
ToMoKI WATANABEYY  ToOMOHIRO YAMADAL®)

Received: April 20, 2018, Accepted: November 7, 2018

Abstract: We proposed a food texture display with hardness and shape by jamming. Jamming is a physi-
cal process which particles behave differently depending on the density. We implemented a prototype of a
pneumatic jamming system. We confirmed the human perception regarding provided hardness, especially
the range and the resolution, by using the prototype. As a result, the provided range of hardness was that
between marshmallow softness and sherbet hardness, and the provided resolution of hardness was four.
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Fig. 1 The procedure to use this system. (0) A bag with

no pressure controlled. (1) A user deforms the bag to
any shapes. (2), (3) It controls the inside pressure to
maintain the deformation and the intended hardness.
(4) The user chews the bag that simulates hardness and
shape. In the picture, the surface of the bag is printed
like a cookie texture. The inside pressure of the bag is

—5kPa, the minimum pressure to maintain shape.
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Fig. 2 Our prototype hardware configuration.
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Fig. 3 The relation between the inside pressure of the bag

(kPa) and the duty cycle of the vacuum pump (%). The

mean values for one second after the pressure stabilized

were plotted. —5kPa (when the duty cycle is 3.5%) is

the minimum pressure to maintain deformed shape.
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Fig. 4 Various shapes by using our prototype. (a) The tri-

angle made by hands. (b) The star made by hands.
(¢) The mold and the star made by using the mold.
(d) The mold and the sphere with thorns made by us-
ing the mold. (d) did not become a form of the mold
because of limitations of the balloon elasticity, the bal-

loon strength, and the coffee powder granularity.
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Fig. 5 The scene of the experiment.
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Fig. 6 The answer sheet used in the experiment.
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Fig. 7 Each hardness level shape before/after chewing between

the front teeth and the back teeth on the right side by

\»

the author for 10 seconds as usual.
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Fig. 8 The psychological scale of hardness by Scheffe’s paired comparison. The larger

values mean harder values.
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Fig. 9 The shapes of the bag under different conditions of

hardness.
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Fig. 10 The scene of our demonstration.
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11 F—=% 7k
Fig. 11 The portable prototype.
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Fig. 12 The scene of using the prototype with a photo reflec-

tor.
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Fig. 13 The example of counting the chewing by using a photo

reflector.
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NS DRI, N—F ¥ Ve ERBREIREET S VAT A

RERTBRACKREGFEIC L EELLNS, LA

T, 413, 5BOEBIIRY AT L OB ICB VT,

UX I VTR EE RO 1 DIl 5THAH ) &

E2TWAh.
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—FT, R CRELL-EEE R AT 20870 b
YA TORHEIILDTOLEBY TH 5.

(1) XY 2xOOFELPEPLY v —Xy FOFMEETL
PR TELR NI L,

(2) W& LTRROBRIZOVTIETRBRETH S Z &

(3)IRE T 7 I TNITEZ LN NI L,

(1) PR S IR v T ORI OREE I L
TR H L, A%, N—FT7zT72ERTLIEICLD
TR S OFRMEZIRT 5L TEELERT
W5,

(2) REWLTIE, ok (HIK) Lw) &HBETFT
WS DOEALEMERE L7225, EOIIRICB WO HEEFHE
WEDEBEIRTE LD RREETH 5. IR EL S
EHIRENDWES NI T HEEZONL T LD S, 414,
=W RAF T4 %l U CHE S ETIROBIRICO W THGES
LYENRH D EFZTD

(3) Bk Ta k& 4 TTIHREDOBIRERRT 572012

LR TOPIZANDHIS, FREICL > TRMELLE
WdbH. Lrl, ttxi?ﬁ%ll—&%%%Lm¢é
CLIZEoT, BRETU S IR TNITEZHZENTE
LHEEZTWDL, BNTAT77FaL—%ELTEE R
3, BHO) =T 7 7 F =5 Eh bR SN D%
TL—LA[5]R, BREANDLT 7 F2x—%5 [12] BNEZ
YR

FRMICIE, BRICHET 520087 2= (51
LRGN L) OFIRTREMEICE T AL, N—F v
T FIESERDSERERD QoL M EIZED X ) IZHEG T Hh
IZOWTHMGEEZHED L. RHEHITIE, RADREY X T
LERWSLZE THEFFHIRTHELATYSZ—FD QoL
M EdEAZ L2 HEET S,

8. F&d

KX TlE, Y¥Ivr/mBEFALC, S LRIRD
W5 PR RE R IR Y AT AR E L2, Tu by
4 7L LT, Bl (Frv/za—e—ok) &0

O, NEDZER A BEZZRY 7T ET, ERLEE
ﬁ%ﬁhbtiiﬁ&&ﬁé%ﬁmT%&ﬁ@%ﬁ&Z%
NERFEH L, a-WERICLY, ERLTa Ny AT
X, YAV OBEOXRLNENL Y v —Ny MEEOM
SOHPETAFHORL LS 2 HRTHETH 5 Z L HVR
éﬂt.it,?%@%ﬁﬁwfﬁo%EEK%%tfég

, SRR AT 4L LTOERMESBHBOSBIZET
%74—1*/\/775: BLNT. A1RlE, N— Rz 7ol
BIZXAEBIRY AT L L LTOMREN EEMET5 &
B, AR AT ANEEHIREE LTnEL—FD
QoL DA LI EDRREFLGT LD MHEIrDOLTETH 5.
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