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Abstract: [Purpose] In labor-intensive industries such as shipbuilding, characterized by high work
intensity, elevated operator fatigue, and rising labor costs, manual operations including welding and
grinding in shipyards are confronted with prominent operational predicaments. [Method] A lower limb
exoskeleton robot is designed to provide effective assistance for the wearer, reduce the physical impact of
high-intensity and repetitive work, and extend the wearer's continuous operation time. To investigate the
structural rationality of the exoskeleton, mechanical analysis is performed using MATLAB, and the torque
output curves are calculated. Through orthogonal experimental design, the structural size parameters are
optimized. Subsequently, a prototype is developed and tested on a dedicated experimental platform that
simulates real-world welding and grinding scenarios. [Result] Comparative performance evaluations are
conducted under two conditions-with and without the exoskeleton-to quantitatively assess the device's
assistance effectiveness. [Conclusion] Experimental results show that the designed exoskeleton can provide
effective assistance and improve manual operation efficiency.
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Fig.2 Schematic of Lower Limb Movements
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Tab. 1 Movement Angle of the Lower Limb Joints
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Fig. 3 Schematic Diagram of the Assistance Principle of
the Lower Limb Exoskeleton Robot
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Fig. 4 Mechanical Calculation and Analysis of Lower

Extremity Exoskeletons

AR A S BRI S 1m) A R R g N UL HY
71, AME BB RIS TINF,, M BIME G A
PRI IS I K 32 I Mo T 7R N
M, =M,-t=Gl;sin0-F,], D)
MR S5, SR JINF,, AR SRR,
Fofn b 0 BOWRAE /N 5 R S A A S Al oA 2 5%
R, JERABKTE R IF RS L0). 2y
PrsE e ER B LA, B, ARYE JLFROC R T 15
F,  =F +k[1271(9)_10}

L (0) =17 +12 = 24licos(90° ~0+4,) (3)

L1 (0)=lLsin(90° -0 +4)/L,.,(6)
e Fo AL E 5 Bl 17 BN AU 2 1)
s Fo iR I T 05 o S I B2 SR 3
L1 () FI RS W 2 7 H Bl 1467 BB I B PR B
Lo1(O) RS AL T E £E 4 Bl LA BN 1) T K.
MR AN E B BOE AR AL LIS, B TR A
n=F_l, (9)
R +k[L(0)- 1, J}ilsin(90° -0+ 4) ()
JiE + 12 =2 kcos(90° -0+ ¢

IR, SPSRrcE FER 2 AL B, AR LT

— 129 —



fshatt, FlE T 58

KA

F,_,=F +k(lz—2('9)_10)

Lo (0)= 12 417 ~20d,005(90°~0+4,) (5)

5 (0)=1lsin(90° ~0+4,)/1,, ()

e Fop Ju R 50 724 Bl il 2 o B I (o S i
T35 Lo(O) RS AL 50 52 A2 57 B e 2 v B I B
Le2(0) AR V5 E L A B A 2 57 LI 1) 0 A JEE

A EEHLES N R BEM S R AN E 8% SR i B
bR, CAAME BT BE T, R sl i 21 e i il P s
BN R B R R B L [ M LS KPR S £ 6,
¢, S B NS B o 2 FEBIHLAS I W KON 254
AL R, AR RIERBBANKT, ZKTFHSH
WF2. Wit6HRIERLRL 3%, K ELZRKE
T, WEER. WMESPTE R IR, KR
(UG (B R B P KT LR 4

T B M BB B i AR 2, TR 5 ®2 BRARRAATE
6 =F .l ( 9) Tab. 2 Influence Factors and its Level Values
K T | I/mm | L/mm | L/mm | $/°) | ¢/(°)
- {Fy + k[ (0) =1, J}ilsin(90° =0+ 4, ) (o) 1 22| 177 30 40 75 65
\/112 +1,7 = 211,c0s(90° =0+ ¢, 2 |25 182 35 45 70 60
ik (6) W, FRAMEES SN Ly L 28 | 187 | 40 0 | 6 ] 5
Ov @1~ GBI, HI, ETIERZE,
R3 LGOHEXRIEE
Tab. 3 ng(S’") Orthogonal Array
No. 1 2 3 4 5 6 RIS R
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2 1 1 2 2 3 3 2.48 35.96 53.43
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11 2 3 1 2 3 1 2.83 37.81 54.23
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Fig. 5 Torque Output Curve of the Lower Limb

Exoskeleton
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