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Structural Design and System Integration of Tendon-driven Modular
Humanoid Multi-fingered Hand

ZHANG Aimin! FENG Jiashu> ZHOU Renyi> LUO Li*> WU Qiaowen?
(1.R&D Center, Guangzhou Automobile Group, Guangzhou 511434, China
2.Biomimetics and Intelligent Robotics Lab, School of Mechanical and Electrical Engineering,
Guangdong University of Technology, Guangzhou 510006, China

Abstract: In response to current issues in humanoid service robot multi-fingered hands—such as complex structures, high cost,
and limited functionality—a tendon-driven modular humanoid multi-fingered hand with a simple structure, low cost, and rich
functionality is proposed. Based on the motion coupling characteristics of human hand joints during action, a single-motor-driven
single-finger scheme is adopted, using tendon transmission to synchronously drive multiple joints of the finger. Embracing a modular
design philosophy, the index, middle, ring, and little fingers are designed as structurally identical modules, while the thumb is separately
designed as another functional module. The main body of each finger is formed through integrated 3D printing and assembled on the
palm to construct a complete multi-fingered hand system, with the control system hardware highly integrated inside the palm.
Experimental validation through gesture motion tests, grasping experiments, and grip force tests demonstrates that this multi-fingered
hand, with fewer driving units and a simplified transmission structure, achieves diverse gesture expressions and stable grasping of 25
types of objects, with a grip force of up to 13.29 N, meeting the functional requirements of humanoid service robots in typical grasping
tasks and service scenarios.

Keywords: tendon-driven; humanoid multi-fingered hand; modular design; structural design; grasping capability; system

integration

* BEWE: RE TR 5100 G 5 A 202605 F 478 F 18 BRUSERIRE 37
(2017YT05G026)



jilllg

0 3l

PLE NG SO b B BRI E AL
HEFHARN, BEEILES NSRRIV RE, T ARSSHLEE
MNABHRIL, HRERm AT AZIET. AT
WHEA 3N KU EFE, HTROIAFEE. RiE
H S SRS E AR, A2 T 70 a K
AR REN 2 FhRA . oy, 20XEh i N2 48T 9K
ZIEECE S B B EEE AR, RS HAL
(RISRZh FS KBl ATSCHURE R A Bz, (HIREhIEE
BRZ, SRTERREA. RN R,
NI PNEZ =RRIDE bzt {6 G p = lEE]% e Ol
BOA ST XA I 5B R & Se DLl Bl 51,
AEHTR L IR RAERT L RIS AN
267, I CRIIN A FAUENTRE, PRIERNC., R
BP0 K RE Bl A 55 S A o

LR, TALF FARFERIAZIRTIRE T
KEBTL. CHRONF AR T 25830 5 R IKBh 4 & 115
MHUTF, BA S AT 20 1, B9 Mk
HLIKEN, SEEH MRS G HAT S IR BRI E 5, B
AL, mNER BN AR, NI RS R, E
LN AR5 AL NN SR (H2 D AP LK
TR ENIELE, (EREEI AR 1, IR T
HMN 5t SCIRO2IPT AR ) Tus B e T mck
IR FTHTIE 18 N, RN E 1K -#EA IR & 4
PRSI IR RS, JRERAR T e R e, R fil
it s 1SS AR R AP 2 S D g, W SRELSB)
BAa TS RGURI A A ], CERIR 0 I
Y RN 705 AHAZ BB T UM R UR
VENBITIR, UGN T RGN R IRTERRER, R
THATRIESEE, IS PRT BB R, SR
JREAMXTAR, 120 7 HNA7S . SCRIBPTA R
PINZARFEA 5 TR, BOFHEA 2 Wi, 3t
A NAKRT 6 MEHBE CREHER 24, HARTH
A 1A, 8 bR Ak R I E ALY
Wzh, BARSHITE. @G RAIHRIIAE 10N,
EEMNTIRSHLEENGUE; HiZZ TR TEVE

38

HEAS L, FEOLIHRAE IR, IR E T
RS IR SC A ATz

NIETHINZ G T HIRE IR RE /1, A5 —
RABIBI AR FREATEGE, RS Tk, it
il —KARAS . W] 3D TEN AR IRAIIE AL ] N 2 15
F (RGN AZIET) -

1 S5t

AR PN ZIRF F B RS NS, |
FEFETT LA NAESE B 37 5 O34 08 R A
WAL RS KB ARt T D BOTAFHISE
JUT 55, URIEs) S5IEDRE: 2) RABHL
Beit, DABORAE . REo S gE i fa (1 e m] S 1
3) KHLARGURM, KIS eIk AR AE
FHENE.

L1 ®BEHASEFRE

RPN ZIRFSMAFUR BT, EFEL
LR ANTHR (6. 6. LRI, B REH
UANRIRERRER I, 4 PR HA 2 M E B,
KIHERA 3 MEBE, JE 1 AMEBE. A
NZHEF R =45t BB 1.

R AN

/ |

rﬂfhha

Hhaee

ALL

| T

\ & Kt |
| e
P—v—ﬂl

K1 Aokah i N2 1 F RN =4 it R B K



KER BER BLEX TH KRHX: BEFERUMHASEFHENRTSRGENK

AN N ZIRF ML RS ST, K
fE<190mm, % E<80mm; FL&FIEFIFE (3D T
ERRIRSIARD , - TR T T E 1S,
DMK EEE ), HEERA R ARk $ATIHE
AERS, KBHEFTRIN 5 &4a. PIRmfaREdm, %
DN TFHFRINBDE: -5 A B ROz R B A
TIRF) ALRER, FHERMRA SRR
e End g ge Lz 7 s s iR, I
NS RN E, NI E: RS T4
VIR S5H, T4 5 .

1.2 FIEEREN

WA NZ AR T 4 D TR BRI

TR IR SRS, ERCEENL. T
EIU RS E VS R A SR R R DA M= A BN NG SE 12
i, IR KA) 45 mm, USRI KA 35 mm, T
BEKY) 75 mm. FHAEBEHIN =4 B R Qi 2
B

B TR

GREgie

FLILIRGE L

HHLRE R

Bk SR [E WA

K2 FiEREM=4rERE

HEIKAN T N2 AR FHIT a1 S, BLR
AT S 4 1 5 LU I FELATL 2 [R] AR A 24 SR Y T A
TENIEREHl, BEORIE ISR RRarE 1, SRl 1k
gitl); FRRIMBCATCRIL, T 2O0RIR R, B 5
L SadibliEp P Ve BRI IR PR TE IR I B
R4 BEATRE AR TR RS, LA DRI AR AR R FF TR R
WRZ, M EREETE SR HAS T, S imdE 19 ) Ik
SR HRERE RN, U RPUEHL

B ERBERS A TE BN T8 BEC RN BRI FELALIE
EAEFHEL, FROTH. BIFhELR SRR
Rl Bh okt i s)), i fgas — N7 % 0 —
J7 AR TBCR S o dz v £ 1 5 T a8 1 R SR B 0o~
155025 it A RE, T3 S 59 AFDN T AT S50~
98° 125 i 11 £
1.3 B4R W aME ARt

Lo Ky PNEZ S ) 2 () s Ve s SR AP
— P HL IR B A I AR A 4R SLI TR T M, K
FEFRYE IO B R R SR ST TR R I E: 7
—HREA TR E 2 D IKEh A LA 2 M4 7))
SN, RFFANE. SR, oy pstE ot
B R A e LLORAIE; 28 R0y ks 2 A
Bx, FHARGRNER. Ak, ACE TP
A B BNEER, AU B B S SR A B ] S
FHRIE 5 R E.

el 268 X0 [ % B 25K - B FE TR ML . Gedide
fe IR 4a AR S A 5s, H A5 =4n SR WA 3

I
1R B Lesiift

b4

EiEli

TEHLI
B3 BEg XA A& s 40 =4 K

GeUR e LA LR R Rl s AR
248 (R 3l AR . 390 IF 077 [r) R AE SR AR HE 1Y
FE TR, JEaRlgdREm. SRR S IR
RO R B TR LR A SRAS B B AN [FI L
B, ATk R BB AR R

D ERGE RALIS £ e, AL Al
BN SRERRCINI 4T #250, Gedife bR Mgaelds, i
B IEAR TR T2 M R, SRER%C T E AR I
B, PR RIEhIE T NELE, (E4RIE. JRTI IS RN RS

2026 F E 474 18 BIHUSEEILRE 39



TRERAE, SEULFIEE il fE;

2) HEIEGE LS BT e, AL
WENGRARFCTEIN %)), SRaR%e TR M aa I as, i
AR IR RS RN, SR4ke bR IRESEIT
P, fE T hAhIRIGNESE, (EFRIE. T8 s R R
TKRERA, SKIFHRRITENE.

14 FHRETBH}FESH

FH T T VA a3k FEATL ) 4 el 81 27 o 8 5 48 I T
FHE TS T TS MU B B2 TR e S B LA
Jozsvinda 1 S e 1 B AN ], TR i eRiE )
TR, FEXGea T AR AL B AR B BT AR
Z: W ICHR[15]

LA, SR D-H 2800 2tk s 3)
T AR 2 MBI HALIEER, Tefx
TR A NERL S, TR IR PR . FHE &R
AR FR A E A 4 R

L— R, BIPASHIAR5E 35 fh 2k 7] 22 T2 2R IR 5
O,— KA i A, RIS A TR ST, Z I A

Bl 4 PRSI bR A K

PR R, AR i/ R IF T M0, KGN
-5°~98°, KT O, IEHI90°~155°,

FARIEFT) D-H 280K 1 fios. Kb, doAm
FNTELRL G ZRNIEE, (Ez,_ B EFTES: o,
EERFHA, BIPEASAE AT T AR AR I A o

&1 FIEEMH D-H S

i ll/mm dl/mm a,-_l/(o) 0[/(0)
1 ll =35 0 0 01
2 12 =45 0 0 02

HRAETFHEIEAT ) D-H 25, 7T LM R TR 841
bR AR IR

cosf, —sinf, 0 /[ cosb,
0 sinf, cosf, 0 [ sin6,
= M
0 0 1 0
0 0 0 1
cosf, —sinfh, 0 [, cos0,
in0 0, 0 [sinf
1| SN0, coso, ,sinf, @
0 0 1 0
0 0 0 1
Cpr S 0 llcl + 12012
S, ¢, 0 Ils+Ls
OT :O TlT — 12 12 1”1 2712 3
o 0 0 1 0 ©
0 0 0 1

X s, =sin(6, +0,), ¢, =cos(6, +6,),
sy =sin(6,), ¢, =cos(f,) .

T FEARER FR B R A bR R AR AR, PIAS3
FHRARuR AT (X, V,2) N

x=lc +lc,
y=hs +1s, 4)
z=0

FHRMiazh Ak 7 HARIGH, @i iEiss)
FITHE, AT AR & O IS B B AR A
SN o AR F SR RIS MG R E AR T
[E NS s 6. @I 7E MATLAB 358 p kAT
FIREUE T, R A @) e DT A S0 B AR
ZIHRERRR; SEE 1 KIBSHOHES TN R
BENENLE i EF) R RALE SR ST RIS
BN E A 5 B .



KER BER BLEX TH KRHX: BEFERUMHASEFHENRTSRGEN

z 77 [a)/mm
(98]
wn
T

S
[3o]
S
S
(=}
(o)
S
(e
S

-60 —40 -20
x J7 [H]/mm

K5 FREhTME -z FRBERED
2 RGER
ATEAGEYAURE, SRIXENT N2 15 T AR A2
ARG CFWREN. ARRERHD RmEERTFEN. B
TPENHZRAR, EFHEFRRARN. i
PRI AE 6 P

INA3221AIRGVR
TB6612FNG

EEPROM 17t %%
AT24C32M/TR

> STM32H723VGT6

ZHE A
RS2251XTQC16

GND

CAN Wk #%
TCAN1044VDDFR

LAV
12V-5V-3.3V

RS485 Wk #%
SP3485EN-L/TR

Ko mEfH= SR B E

IR N 2 AR T AR 1) R Ge i T A 45 il 4%
#eH STM32H723VGT6; £ 24 F 2 R /2 12 V #%
5V. 5V 33V IHEHRTER: IR s Ak
HUHLIRSC A TB6612FNG, FIHRALAGERT 12V 3K
BNHEFIAMET 1A SRS IR, LA 2 B
WUERI) . R IREN T K AR BRI 7 B
VA PN T b e SRR AN JRAR AR s ST
BT, e A, ST R, E i
Rt A INA3221AIRGVR SEHLFLIFAG I .

b, ARG T AR N 2 1 T R 4L
XEZ AT E R Hoh, PC _EAIALE )94
LU, I CAN A IR 48 A% IS S 1
Ly PSRRI R BE S, MRl . 48
N ZHa T M R GHEE NI 7 For.

K7 oKzl N2 1 F 2 R g K

A SRR PC EAINLIITE 25, JeiltAT
TR SEARACE, PSSR B H AR A
FE PID CELBI-RUr o)) Pl R 255K
) EL IR AL, SEIIL RS P2 () A P BR A% - 1% PID
RS B BT FELA SER S A (HR
Gt RO 5 HARAEE, ARG N P B XA E
TR AL, DB/ NERER IR ZZ, T REABINBN I A 2 1
Fiag i, #ef.

3 SRR

NVERRSRIREN (7 N Z e FIITERE, A SO RF5
AR RIS IR Jysss . 480Kah i N 248
FREHRNS 77 mm x 224 mm, BREZA 290 g.
3.1 FHEEXW

FHEEm PC EAKUEHI & Fia Rz
gy, SEPACY: 1~9 G FH4, DU PUFR S8 $R 4
OK R FH. IR 8 .

K8 Azl N2 FFHF LK

20265 E47% 18 BIUERFEEIRE 41



HIE 8 "I, “aIREh T N 248 T 2h ey
1~9 AT, DURIIIREH. fEhi. OK 7K
FH, RPWHAFEHRFEESFHRIGET.

32 iESKEE

IESLRIE IR E T N LA TRE. BN, &
R AER ARKEE 25 ML EETHUNG  BE AR
BET. SKERES R 9 Fs.

SRSk PNEZ R EnR e vl

Hi B 9 FIRN, T2 ik o T il 2 NIEA
FP, S80KEN15 N 2 Fa FXRE RN, R i%
Z A8 TRt a0 I 4 15 3 SRR E 1Y) D& TR
3.3 #UEHKE

NISFLRIREN T N Z AR TF-HIHURE JiPkee, Kk
TIHEBETE 2 A LRSI EN, 1% He TR R R
&, RESTHEEUEE, SERE 10 Fis.

Bl 10 #ERB) 0 N 2 15 TR ) s
W 10 Pros, FEZUGESHHR IR, 485K

NS T HRAIER TN 1329 N, RPZLE
FAERFFA BN R UFIE RAE R RN, S fEdse AL

42

KR S7, T NEAT 2 B BT S5 HE S HE
4 g

ARICAR o r LR Bh S 4 e P Ml 4 X0 £ )
45K, JFRH R AR . AR R AR
AMEH) 11 B RS A2 1T @l FHNE
SEIG . PURESEIS SR 728, ik 1T iR FHISE
HrATE, HIUWR /JATiE 1329 No JREEfAiES
TRF BRI GEAL AR, 2 18 T4 5 2 AR RE
WA BN S 1) /NS B O 8

©The author(s) 2024. This is an open access article under the CC
BY-NC-ND 4.0 License (https://creativecommons.org/licenses/
by-nc-nd/4.0/)

S 30k

(1] A5 REFTIN. AL &8 AR e S BRI [7]. B A5 B AL,
2023(12):30-32.

[2] WEI G, DAIJ, WANG S, et al. Kinematic analysis and prototype
of a metamorphic anthropomorphic hand with a reconfigurable
palm[J]. International Journal of Humanoid Robotics, 2011,8(3):
459-479.

[3] XU Z, TODOROV E. Design of a highly biomimetic anthro-
pomorphic robotic hand towards artificial limb regeneration[C].
IEEE International Conference on Robotics and Automation
(ICRA), Stockholm, 2016:3485-3492.

[4] WANG D, XIONG Y, ZI B, et al. Design, analysis and
experiment of a passively adaptive underactuated robotic hand
with linkage-slider and rack-pinion mechanisms[J]. Mechanism
and Machine Theory, 2021,155:104092.

[5] WANG X, ZHAO Y, XIAO 'Y, et al. Design of a underactuated
robotic hand with three articulated fingers[C]. IEEE 3rd Ad-
vanced Information Technology, Electronic and Automation
Control Conference. 2018: 2562-2566.

[6] XAk X %, IR, 55 T4 OG5 m] A 748 ) (¥ R 3k 3l R 1
FLIHU T FE2EHR,2020,56(3):47-55.

(7] R, 25 5 (0, 55 LR N R A S SN B R ER3R 0],
FE 6515 B TR, 2025,46(5):1-15.

[8] WANG B, ZHANG T, CHEN J, et al. A modular cable-driven
humanoid arm with anti-parallelogram mechanisms and Bow-
den cables[J]. Front. Mech. Eng, 2023,18:6.

[9] LIU J, FENG J, XU J, et al, Mechanism design of a multi-rod

and wireline-coring drill tool for seafloor sediment-sampling



KER BER BLEX TH KRHX: BEFERUMHASEFHENRTSRGEN

robots [C]. International Conference on Advanced Robotics and
Mechatronics. Sanya(ICARM), China, 2023:715-720.

[10] 53 B, M, 55 F ARPLE ARBEEORSRA 5L
PRUHIN. o B 7 28t 76.,2024,48(5):505-511.

[11] RUEHL S W, PARLITZ C, HEPPNER G, et al. Experimental
evaluation of the schunk 5-finger gripping hand for grasping
tasks[C]. IEEE International Conference on Robotics and
Biomimetics (ROBIO), Bali, Indonesia, 2014: 2465-2470.

[12] GU G, ZHANG N, XU H, et al. A soft neuroprosthetic hand
providing simultaneous myoelectric control and tactile feed-
back[J]. Nature Biomedical. Engineering, 2023,7(4):589-598.

[13] ‘Inspire-Robots’. /i A\ T3 R T F [EB/OL].(2023-9)[2023-

12-02]. https://www.inspire-robots.com.

EEEN:

[14] KAMAKURA N, MATSUO M, ISHII H, et al. Patterns of
static prehension in normal hands[J]. The American Journal of
Occupational Therapy,1980,34(7):437-445.

[15] FENG J, ZHOU R, LUO L, et al. Development and modeling
of modular cable-driven anthropomorphic multi-fingered
hands[C]. International Conference on Intelligent Robotics and
Applications. Singapore: Springer Nature Singapore, 2024:
181-193.

[16] SEFHFF A =M, £ R JE T 52 RV I AL LR A
TAEZ A HT T HUR S UE,2017,45(11):9-12.

[17] T4 0 8, a5 RS LB 248 A Mz 3 2
5 TR 43T [T] L TR R, 2025,54(8):81-86.

SRER 55, 1978 487, WAt seE, TR, EEHr . NBHLES NG M%) . E-mail: zhangaiminl @

gacmd.com

T 5EAK, 55, 1998 4E4E, W LHF A, 3B 507 - M5 N2 H8 T M5t Bz il R Gt 4E & - E-mail: kentafeng@163.com
JAAZ X, 55,1993 A4, W o A, AR, 25005 M. ATEAL 3 N S50 Bt SR 545 1 o E-mail: 752381147@qq.com
71, 5, 2000 4, LRI, FEGHRITM: G AN AHT RN . E-mail: 1075741044@qq.com

M, 5, 1999 A, BEARSAE, ETERRF M 5 ANRS VLI AN S ST . E-mail: 1293551559@qq.com

255 05> 26 26> 56> 565 265 86D 86> 6 26 o> o> 25> 365 565 86> 6D A6 26> 25D 253 35 563 6D 06D 6 A5 26> 26> 35 35 56D 6D 86 A6 26> 06D 05> °E> 35 86D 6 o6 o6 o6 o5 oG 3> 2 S oS

(Bt SEEIR) MITISRIK 2025 £E “FAEWMOESHT” X

fE 2025 4 4k 2t i )
PRk, (HIIMSEEILE)

HIRI SRR AR i D
!

AUERE, AR B
RS GAT AL 1w
€, HRINBITIEIRAL, S
PN LNk NAR AT SN
VSRS AR BEAZ A 1 10 AT
o EIIE T TIFEAE R TR
WERCR S BIOARIA R IS5

i -

CERTIFICATE OF HONOR

«HBMLE R TR

20254 i

SFARFS M 355 T

1 5 T TS LS |

20266 E4a7 % 18 BFUEREEIRE 43





