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Recent progress on soft haptic feedback actuators

Yu Meng'"?,Cheng Xiang®, Peng Shigang®, Wang Pengfei’ ,Zhao Liangyu'

(1. School of Aerospace Engineering, Beijing Institute of Technology ,Beijing 100081, China;
2. China Academy of Aerospace Science and Innovation ,Betjing 100088, China)

Abstract: As an important communication window between the user and the system, the haptic interface not only meets the user’s need
for a simple and natural human-machine interface (HMI) , but is also a key factor in achieving tasks in a direct and efficient way. As the
core of the haptic interactive process, the haptic feedback actuators are capable of simulating or reproducing diverse forms of haptic
information to improve the immersion and realism of the user during the operation process. In recent years, soft haptic feedback actuators
have gradually become a research hotspot for HMI due to their light-weight, flexible, and adaptable characteristics, offering extensive
potential and value in various human-machine interaction scenarios. First, according to the different stimulation forms to the skin, soft
haptic feedback actuators can be divided into three categories, electrical stimulation, mechanical stimulation, and thermal stimulation.
Based on this, the recent progress of various soft haptic feedback actuators is introduced and summarized, including the actuation
principle,, design, and output of haptic feedback actuators. Further, the applications of haptic feedback devices developed based on soft
haptic feedback actuators in the fields of virtual reality, teleoperation, and medical implications are also presented. Finally, the current
problems and challenges of soft haptic feedback actuators are summarized, and the future development trend is discussed.
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Fig. 1 The implications of haptic feedback devices in human-machine interface



53

T MR AR AL S S IR B R AT RS R R 3

b ISR T P AR I ) BRI AR B MR X R
FRAHOE 7 A AR, 28 fk o iz 15 3K 3 2% 1T LA 23R
PRI WL R 35 R Tl B SR 3 TR AR OB X i
AN TR A0 ) Sk M it I 5 R sl 4 B 9K s JE B B FH AR
gkt  ATIE S T I T A S A

1.1 EfI#

FEL Dt B R A L Ml B R, IR B AN 1] 2 () TR,
30 3 T g R TRt o Pl S BT 2 o 2 D f R, T
FEL IR B T A S v S i B B s 2 — B
ZH FRR DA B PR G2 B, 38 A S T AR AT AR o
LTANG IRV 3| 2 Y 3 VYRS oI IS S L 7 e
AR, IR /NE F /N T 10 mA/em?, DLk G A
(ENEOL ViR,

T PR 2 P o b 2 157 IR B i 3 A R
REASINE T Rz Bk im . A AR GE B — a8 1 Rl R
P, — el B S A B A AR AR
TRAEMRLRIVE T B, F Pk B K — % A S AT PVA 55
IRBEREAPRMRIAE . AnFE 2(b) R, Xu S5V 2 H T —Fh
BE R T HL RN Bl 4 | I A% SR AN AR AR R Y 2 T
fig FL B2k, HG FE SRR B0 25 R FH (RO FROR A , PT Bl 2
B R A BF R s AR I . Withana %5 SR F 5 AR 58
IRHIVEHEEE R 35 pm B9 S0 8 X R 25 14 2(c)
JR AT LA B e Rl R B2k b

RAE LRIR S S Reie 1 B P A R A4 F
ARAT v S A5t (2 R AR 1) F () B30 o0 o o 2 T

ﬁﬁ -
= ,&L

() L3 5 451 S B

(a) Principle of electrotactile stimulation

10 mm 10 mm

(b) HL A& Ak SR £ Dh e &

(b) A multifunctional device with electrotactile stimulation

(c) FA T v ik 5 50 Py 4 B SRR Bl 2%

(c) A tattoo for electrotactile stimulation

FERBER RO 105
e 0 6 09
SR T
.“ ,‘. @
@s0r @
o 000
o e 0 00
@ Normal resolution
A Super-resolution

@

soll 29 29 Loyihora

10 mm

(d) i F A r e m) g R A B I R R G

(d) Super-resolution wearable electrotactile rendering system
P2 A fhs 0 K S 4%

Fig.2 The soft electrotactile stimulation actuators
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30<L<1 000 0~50 N
d=2 1=0.32 0~3.5kV
TR/ By h=0.47 mm [53]
14x11 0~100 Hz
PDMS/ 4R 4K 2k 1=0.7 0~4 kV h=0.65 mm 0~250 mN [54]
PDMS/BRAKAS 1=0.018 0~0.45 kV f=1~500 Hz [55]
o HUEBKE) N e
BRI TEHS /Wi KA d=10 =10 1kV F~1N h=0.8 mm [56]
VHB/ 4 2t N5/ ¢ B d=12.5 (=11 0.7~4 kV F=0~0.8 N h=0~3.5mm [57]
PDMS/ 4 i/ 5 B E Y d, =4 d;,=2 1~12 kV h=~1 mm [59]
PDMS/ 4 Zk3h/45/BOPP 6x6x0. 8 0~1.4kV h=0~0.5mm F=0~300 uN [61]
TR/ 4L e/ PDMS d=18 1=2.4 15 mW f=100~300 Hz h=0~0.3mm [19]
HREERE KA/ Lk L/ PDMS d=5 t=1.45 0~58 mA f=50~750 Hz h=0~1.55mm  [64]
TGRS/ B L P/ R d=10 1=1.3 0~48 mA h=0.12 mm f=10 Hz/200 Hz [ 64]
SMA 7% dguy =0.5 0~35 W - [67]
SMA/ERE dgyy =0. 15 5V 850 mA - [68]
L IAIK B) SMA/4 30%30  dgy, =0. 15 - - [27]
SMA/HEE 19402360 500 mA 69
. deyy =1.37/2. 54 " - [69]
Hi AN KL/ PUA - 1~7V 25°C ~120°C [73]
ARG/ SBS 1=0.4 0.5~1V 25°C ~45°C [74]
FEHH eGaln/ L 28x40 t=0.35 0.5~2 W 25~85C [21]
L] SRAN(HR) /R 1=0.6 0.3~1.5V 25°C ~50C [75]
B/ 81/ PU 40%30 0~20V 28°C ~70°C [77]
. . TN A/ LR/ KR 2% 130x100 5~9V 38°C ~60°C [79]
T % — -
RER-RE A din =2 A H7KiR 20C - [24]
BIKIRSE 15°C
EALY/EN 76x50%8 15°C ~45C 80
- HBUKIREE 45°C [80]
I BiAe A ,
=R 25C
20x120
PE MEZSR 68°C 2°C ~68C [81]
20x200
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Fig. 8 The implication based on soft haptic feedback devices
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