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Abstract : Human tongue deforms exibly when we speak. However, tongue-like conventional systems cannot deform exibly. In
this paper, we made dynamic model of Fiber-reinforced actuators and developed a exible tongue-like mechanism named ZETS
(Zunge: EmergenT Sprache) that consist of Fiber-reinforced actuators in order to mimics articulation shapes of human tongue.
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Fig. 1: Structure of fiber-reinforced actuators structural

drawing
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Fig. 2: Picture of fiber-reinforced actuators
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Fig. 3: Structure of ZETS

𝐿0 Δ𝐿 

𝑎 
+ 
𝑡 

𝑎 
+ 
𝑡 

b 

b 

側面図(無負荷時) 

側面図(空圧負荷時) 

𝑡 

𝑎 

𝑏 

𝑡 

𝑎 

𝑏 

𝑠2, 𝜆2 

𝑠1, 𝜆1 

𝑠3, 𝜆3 

Fig. 4: Model of extending type



ࣜ (4)ΑΓɼ

p = µλ2
3 =

µ2

λ
(5)

Γͷ 2ํ ࣜͯؔ͠ʹ(ํܘɼํ࣠) (2)ɼ(3)ΑΓ

s1 =
∂W

∂λ1
− p

λ1
= µ

(
λ− 1

λ3

)
(6)

s2 =
∂W

∂λ2
− p

λ2
= µ

(
1− 1

λ2

)
(7)

͜͜ͰɼFig. 4ʹࣔ͢Α͏ʹ৳లܕΞΫνϡΤʔλͷ͋Δ

ͷͻͣΈɼ࣠ํͷԠྗΛͦΕͧΕ λɼs1ɼΞΫνϡ

Τʔλͷॳظ͞Λ L0ɼΞΫνϡΤʔλͷมҐΛ ∆Lͱ

ஔ͘ͱɼ

λ =
∆L+ L0

L0
(8)

s1 =
∂W

∂λ1
− p

λ1
= µ

(
λ−

( 1
λ

)3
)

(9)

ͷ͕ࣜಘΒΕΔ. ೖྗؾѹ Pin ͱ෦Ԡྗ sͷΓ߹͍ͷ

ࣜΛཱࣜͯ͠

Pina
2π =

1

2
(L+∆L)(2s(a′ + t′) + s(2a′ + t′)t′π) (10)

Pin = µ((2(a′+ t′)b′+(2a′+ t′)t′π))(L0+∆L)(λ−λ−3)

(11)

ͨͩ͠ɼa′ɼb′ɼt′ ΞΫνϡΤʔλมޙܗͷΞΫνϡΤʔ

λͷ֤ύϥϝʔλͰ͋ΓɼͦΕͧΕͷॳظΛ a0ɼb0ɼt0
ͱͯ͠

a′ =
L0

L0 +∆L
a0 (12)

b′ =
L0

L0 +∆L
b0 (13)

t′ =
L0

L0 +∆L
t0 (14)

ࣜ (11)ʹࣜ (12)ɼ(13)ɼ(14)Λೖͯ͠ҎԼͷࣜΛಘΔ

Pin = µ

(
2(a′ + t′)b+ (2a′ + t′)t′π

a′2π

)(
λ−

( 1
λ

)3
)

(15)

৳లܕΞΫνϡΤʔλʹిۭϨΪϡϨʔλΛ༻͍ͯؾѹ

Λෛՙ͠ɼࣜ (15)ͱͦͷ݁ՌΛൺֱͨ͠ (Fig. 5)ɽώες

ϦγεͷӨڹΛྀ͠ߟɼෛՙ͢ΔؾѹΛ 0.00 [MPa]͔Β

0.025 [MPa]ۙ·Ͱ্ঢͤͨ͞߹ͱ 0.025 [MPa]ۙ

͔Β 0.00 [MPa]Լ߱ͤͨ͞߹ͱʹ͚࣮ͯݧΛ͍ߦɼ

Fig.5ͷۙࣅઢͷఆЖ࠷খೋ๏ʹΑΓܾఆͨ͠ɽ͜

ͷྗֶϞσϧ͋ΔఔΞΫνϡΤʔλͷมܗΛදݱͰ͖

͍ͯΔͷͷɼม͕ܗେ͖͍ྖҬʹ͓͍ͯ 2 [mm]ఔͷ

͖ͮجʹੜ͍ͯ͡Δ͜ͱ͕Θ͔Δɽ͜ͷྗֶϞσϧ͕ࠩޡ

ͷεςοϓԠΛࡍѹΛෛՙͨ͠ؾΕͨ͞ࢉܭ Fig.7ͷྗ

ֶϞσϧʹΑΔεςοϓೖྗͷάϥϑ (ᒵ৭)ʹࣔ͢ɽ

3.2 2ࣗ༝੍ޚγεςϜ
୯Ұͷ৳లܕણҡڧԽॊೈۭؾѹΞΫνϡΤʔλʹର͠

ͯ Fig. ɽઃͨͬߦΛݧ࣮ޚɼ੍͠ܭΛઃثޚ੍ࣔ͢ʹ6

Εͨ͞ࢉܭΞΫνϡΤʔλྗֶϞσϧΑΓثޚ੍ͨ͠ܭ

ੜ͡ΔภࠩΛࡍѹΛΞΫνϡΤʔλʹೖྗ͠ɼͦͷؾ PID

Αͬͯʹثޚ੍ 0ʹऩଋͤ͞Δ 2ࣗ༝ PID੍ܥޚͰ͋

Δɽ࣮ʹݧ༻ͨ͠ΞΫνϡΤʔλͷແෛՙ࣌ʹ͓͚Δۭ

ѹෛՙ෦ͷ͞ 17.1[mm]ͷ 30%Ͱ͋Δ 5.5[mm]Λ

ͷήΠϯثޚͷ੍֤ࡍͷݧͷඪมҐͱઃఆͨ͠ɽ࣮ݧ࣮

 Kp = 0 ∼ 0.2ɼKi = 0.0 ∼ 0.35ɼKd = 0 ∼ 0.02ͷൣ

ғʹ੍͓͍֤ͯثޚͰ࠷੩ఆ͕͔ؒ࣌ͬͨήΠϯΛ࠾

༻ͨ͠ɽFig.7ΑΓɼྗֶϞσϧʹͮ͘جεςοϓೖྗͰ

ྗֶϞσϧͷࠩޡʹΑͬͯਖ਼֬ʹඪมҐʹऩଋͤ͞Δ

͜ͱ͕Ͱ͖ͣɼ2ࣗ༝ PID੍ثޚʹΑΔ੍ޚͰ͋Ε

0

2

4

6

8

10

12

14

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

変
位

 m
m

 

入力気圧 MPa 

理論値(μ=0.0006) 実験値(負荷上昇時) 実験値(負荷下降時) 近似線(μ=0.0006) 

Fig. 5: Characteristics between air pressure and

displacement

アクチュエータ 
y(t) 

アクチュエータ 
力学モデル 

𝐾𝑃𝑒(𝑡) 

𝐾𝑖  𝑒(𝑡) 𝑑𝑡 

𝐾𝑖
𝑑𝑒(𝑡)
𝑑𝑡  

+ 
+ 

u(t) 

+ 

- 

e(t) 

目標 
入力気圧 

電空 
レギュレータ 

Fig. 6: 2 Degrees of freedom PID controller

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8 9 10

変
位

 m
m

 

経過時間 s 

PID制御器 力学モデルに基づくステップ入力 
目標変位 2自由度PID制御器 

力学モデルのみの場合の応答 

Fig. 7: Actuator responce



୯ͳΔ PID੍ثޚΑΓߴͰඪʹऩଋͤ͞Δ͜ͱ
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337 [ms]ͷ੩ఆؒ࣌ɼ࠷େมܗ 27.7 [mm/s]Λ࣮ݱ

ͨ͠ɽ·ͨɼZETSʹΑ༷ͬͯʑͳछྨͷԻɼࢠԻͷൃ

࣌ͷઉܗঢ়Λٖͨ͠ɽԼֺܕΛ࡞͠ɼͦͷ෦ʹ

͓͍ͯ ZETSΛಈͤ͞࡞Δ͜ͱͰԼֺʹΑΔׯবͷӨڹ

Λྀ͢ߟΔ͜ͱɼZETSશମͷྗֶϞσϧ͓Αͼӡಈֶɼ

ZETSશମͷ੍ޙࠓ͕ޚͷ՝Ͱ͋Δɽ

ँࣙ
ຊڀݚຊֶज़ৼڵձՊֶڀݚඅิॿۚʮಛผਪਐݚ

ʯ(24000012)ͷॿΛड͚ͨɽڀ

/a/ 

(a) /a/

/i/ 

(b) /i/

/u/ 

(c) /u/

/e/ 

(d) /e/

/o/ 

(e) /o/

Fig. 8: Mimicing shape of vowel utterance

/ro/ 

(a) /ro/

/ta/ 

(b) /ta/

/ke/ 

(c) /ke/

/wo’/ 

(d) /wo’/
Fig. 9: Mimicing shape of consonant utterance
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