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Lightweight prosthetic arm design and control system

construction
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Abstract: The loss of upper limb function brings a lot of inconvenience to the life of amputees. In order to
improve the life quality of upper limb amputees, it is necessary to develop a low-cost, lightweight and powerful
prosthetic system. In this paper, a three-degree-of-freedom modular light-weight upper limb prosthetic arm and
its multi-joint cooperative control system are designed to provide a lightweight, economical, modular and
comprehensive prosthetic solution. By using the hollow structure design, the overall weight of the prosthetic arm
is significantly reduced (about 2 kg), which is much lower than existing commercial prosthetic products, while
ensuring the number of degrees of freedom and effectively reducing manufacturing costs, improving the comfort
and suitability of the prosthetic arm. In addition, the multi-joint control system designed in this paper, combined
with the precise coordination algorithm, can accurately control each joint to reach a predetermined Angle at the
same time, to meet the needs of different degrees of amputees for multi-joint cooperative movement. Through
precision and efficiency tests, the results show that the prosthesis performs well in terms of control accuracy, and
the motion efficiency can meet most of the needs of daily life.

Key words: Prosthetic mechanical arm; Low cost; Lightweight; Modular design; Control
system; Cooperative control;

EEWE: Fa T L aaF 52 X8R B (JCYJ20220818101407016)

BB/ RE, FFRA, HARXHTARBEE LTSS, 2a¥ GRiEL) |, SRR, SFRFaRiEFH
AP A AT BRI, SARBAIER. FHAERMHRENE, E-mail lixx@siatacen; kEE, FRE, FRIG
1) A BRESBAIEH FRBL, i, SRR A A REIIERTE; |, SRITAR, FFR S @A BIIEH
£i%it.


mailto:lixx@siat.ac.cn

Tk

1 35

WA DAMALGiiE, ABRRL 10% KN FAFLEA FIFLRE ) 5 Rk . AR¥E 2007 4
5 IR A E R NIRRT A, HENALE 2010 AR IRIE A B2 BR N 8502 71, HAaEE AN
K 6.2%. b, BRI 2472 75, FERTABRAFISE AT G ELE KM AR ThRE 3
REST RIBARBIR NI A AR AN 5136 R 22 ANAIRE R, RO A 1A AT 2R i o i
T S B T LA A 208 B A R W R B A T e

NI BB EZWRF i FAR A AT . MRIEEIT LR, AR SR mT 7 i
b, BB RUBNUR AR =AM, BUNRE R, PR R EROGT H h . Xt
THIE B, TR A AR AR S . TSRO R S5 A T e 0 R AR
H Wt — DR R INE IR e e S 55 AR ThaE ; X T JR A BB, WL 7R KB )
WAMIE. R ERAME KR BTG IR 5EThRe. (B2, H T Z R s b E AT BB e
4, EME TR TR REE. BF LEMITRED, FEAME R LUKE TEE
SN L) i1 4 0 B K2 B O BRAL B8, A AR AT R PR RE, (HEA TR
HAREER, i, B ERESAR R A2 E RN 7 — B RIGEE R
gt MRS T EER. R, HRERE R Im, SRR TR B K
J&Z (0.6m-0.8m) , AR &, LK T iAEvERE . sAh, RIBOSTT B d B
TN B3R U I BAR D RER SRR RE o JRTHT, N AR BB AS B B i 2T, AT,
BB R T R 22 o0 i R e B i BOR . B — SR I ] AR RE SE BRI AT 55, (HASR
B 10 W 2 SR s 2R By BT T AR Ve 2 S R L. ik, BB
FECIL 2 R AR, DUIGE G b 3 1 A, 32 T BE e b A2 AR AR IBRB A A R R R oK

AT FUE IS AN FIRE BE (1 BB BB, it — R = A H S P R4 B R ¢
B PR E R S A, R A FIURER A R 22 ST B R I 75K« 1R G0 BRI
5 PR BN R AR AL NI AL, A A S T S AR
Wl REAT R, FIAE AT B S I <5 B R A Th s AR AR AE B/ NVEF LA L /BRI
KR KERH S EERUE > A 0 e fl A D FLIRET BT 4, IRy 18
AR SEBL RSS9 e AF /NS A SRS S5 Je A D e s 4 I Bk B 0 SR B ) 22 5571 )
P, P O RN BE B AR AR, HRAT R R L.
2 IRERAL (R B ATL R B fhr AR AR 3R

2.1 IR R B 4544

AR AT UL B BB PR R, AT 1 A R = R R T B
Ji. FTEIA A RIA G, FIERTE R L R, 1 B s . R
B E AR S IhReE, I AL, RIS SR I R & KL B B, IR AR
KVYUE Sz T iatt, v iR atm B RGN SE I HUR S H4 S -



CABEA

ABEEBIRE g

B/VEt&EA

9 10

1 EEESERER
Fig.1 Schematic diagram of prosthetic arm structure
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Fig.2 Modular prosthetic schematic
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Fig.3 Flow chart of component simulation analysis
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Fig.4 Control system composition
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Fig.5 Accuracy test process diagram
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Fig.6 Stability experiment process diagram
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Table 1 Accuracy test result
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ZRWFEZEML 0 0 0 0 0 05 0 0 0 05 0.1 0.2
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Table 2 The efficiency of test results
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ZXWASES 1971 2047 1758 1794 1940 1938 1727 1891 17.98 19.24 18.79 0.988
ZXRFFRBEM 2041 2036 2010 1984 1914 1968 1914 1968 2004 20.35 19.87 0.445
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Table 3 Comparison of some of the existing commercial and scientific prosthetic parameters
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