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A Development of the Lightweight Wearable Robot with
Carbon Fiber Composite
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liseob Choi***, Kwangbok Shin****

ABSTRACT: In this paper, we evaluate structural integrity of the wearable robot by using finite element analysis,
which is made of CFRP(Carbon Fiber Reinforced Plastic) composite materials to be lightened. On the basis of the
ASTM(American Standard Test Method), mechanical tests of the material are carried out in tensile, compressive and
shear test for analytical evaluation. With the tested composite material, the main frame and two femoral frames of the
robot is redesigned to satisfy the lightening design requirements. It is verified with the structural analysis that the
redesigned frames are good for the part of the wearable robot.
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Fig. 2. Lift-up an object motion and simple 3-link model that
moves in a sagittal plane

Fig. 3. Schematic of the lift-up motion
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Table 1. Design requirement of the wearable robot

L, 600 mm A 55 kg
L, 350 mm Wy 25kg
L, 600 mm My, 235 Nm
Weight of robot 15 kg
Capacity Max 25 kg
Actuation joint Hip joint
Hip-joint actuation angle +130~-50°
Drive type Stand alone
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Fig. 9. S-S curve of shear test (fill (left), warp (right) direction)
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(3) Compressive test — Fill direction

(4) Compressive test — Warp direction
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Fig. 10. S-S curve of compressive test (fill (left), warp (right) direction)

Table 2. Result of material property

Modulus (GPa) | Strength (MPa)
Fill 69.17 905.8
Tension
Warp 67.87 1025.3
Fill 60.37 510.18
Compression
Warp 61.23 525.23
Fill 8.23 93.17
Shear
Warp 6.95 95.18
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Table 3. Sequence information of the section area

Section area Sequence Thickness
(mm)

(a) [(0/90) . (AI*-3t¥¥) 9

Main (b) [(Al-2t),(Al-31),(0/90)] 8
frame (c) [(AL-2t),(0/90),] 5
(d) [(0/90),]5 6

(e) [(0/90) 6] 8

Femoral () [(0/90)]5 4
frame [ (g) | 1(0/90), (A5 8
(h) [(0/90),,0,(AI-2.5t)], 8

*Al : Aluminum - AL6061-T6
**t : Thickness

FORCE : 250N(0, 21651, -125)
C.FIX
B. MASS POINT

A SYMMETRIC

. Force 250 N

Components -2 8618¢-011.21651,-125 N

(a)
fg | FORCE : 250N(-243.95, 0, 4.9303)
A FIX
™
B oo 0N
Conponents 242958 7356e-0134 5303 N

(b)

Fig. 13. Loading and boundary condition
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(2) Max. equivalent stress : 193MPa

(1) Max. deformation : 4.6mm

Fig. 16. Results of structural analysis (femoral frame)
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Fig. 17. Failure index of main and femoral frame using Twsi-Wu
failure criteria
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Fig. 20. Manufacturing procedure for composite frame
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Fig. 21. Development of the lightweight wearable robot
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