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A Development of the Lightweight Wearable Robot with
Carbon Fiber Composite

Jeayoul Lee*, Kwangwoo Jeon**, Jeayeon Choi*, Goobong Chung*, Jinho Suh*,
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
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A SYMMETRIC

. Force 250 N

Components -2 8618¢-011.21651,-125 N

(a)
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Fig. 13. Loading and boundary condition
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(1) Max. deformation : 4.6mm (2) Max. equivalent stress : 193MPa

Fig. 16. Results of structural analysis (femoral frame)

HEH T

verse No.
2015-04.01 25 938

Layer No. : 32

_ _Failure index : 0.57
1l
'

Layer No. : 14
Failure index : 0 194

Fig. 17. Failure index of main and femoral frame using Twsi-Wu
failure criteria

o s 2aE dEhdidled, (D2 2 ¥
A w1 Hole °ﬂ°f‘0ﬂA1 2 46mm4 g
ArtE At 2)= A 571 -82e HEW gl o
E AME] disf &9 o}fﬁr:} Atﬂﬂ 193 MPa
&Rl 276 MPa o] W2 Al4FE QT
CFRP 23t A Zgho] th3t 23712 s uie
ol dAY =2 ojakdo] ot B R wEY = g4
B2 ah e

WA e s Hojseno 2 Bk 4 glck.
o] gt o O%IZ o uj-$- ThoFet ks 71&4 0] AA]
)=

B =R = E7F A9 (ply by ply approach)of| 4] €l

A t}g}7] & 4] (Tensor polynomial criteria)% o %] ] Tsai-
Wu o 7]2‘; S 2-83}9ith. Fig. 179] 91Z-2 ujj¢] =g
i} LEH2 EF Za Qo Hdf ohd A=) &Y 5
W5 9} up& X5 YAt 2t o] ahi A &
A Ao HZo| mhés X4 1 u|uto g QAL S
gt Z o2 BIE it

4. 228 229 M
4 BohE Fol pxA HAol shuE B8P =y

of tfgt A2 =3kt LA E F%t= dFvlE
2 7A7S EEl ARkl o 2 3?101] QIgk FA]
WAE flal Abste] ek (anodizing) A 25ttt A/l
FA] Bt 2o AR HAdEEE AMES o
L4535 A2 HARES 4= 9l @ B 29| o] H (autoclave)
THE AT Y 4F v 29, 254 IA

n| 719 =g, JINE Zg| ¢ Fo] e o]FRA7F 24
e Feol B g2 FAIAEEE ol ARskieh Ak Al
F9] A2 &2 (debonding)E X[thgh ®W=|s}t7] 2ist] o]
T 5 7t &R ZEEYS EM73 25 (FM73
adhesive film)& A5} T BEAA G-/ ZA] 28 EalA
x| o] A2tk Fig. 183} Zt}.

A& 42 A AR A AW Al AYE = EFrs
zdQ] 9 AN ELL Fof thgh At & AAH x|=of w}
gt S Aot AAE A5G Kol whal AlchE &
e S0l AFstL Y Fo A== EFus dES
v 2] ek giet A Fo] SR E oA XTHE ol HE
of WA5t= 7] (void)= AlA 8L Y2 (compaction)A| X1
T eEZYo|BE ol AP Hot Aol dEE F
Fo gdsta £ A 2sto] A ARSI LES

3

dloln AL Fig. 190] et 212 o2l u}
o} 3519, Fig. 208 T /0] 2] A% Baa 7]
Hgel ool ma o3 o B ma 9l o) A a gL e

I Carbon fiber/Epoxy prepreg cutting |

- ! Steel Mold
AL insert H Hand lay-up on mold |“ Mold design

‘ manufacturing

Vacuuming

| Auto-clave curing |

I
v

I Form removal |

N

.2

Pre-process

| Surface sanding |

Post-process

Fig. 18. Manufacturing procedure of CFRP frames

180mun

_— G0min
£ s 15T /min
® 60
[
2 ;| 7""\\
§ / “| 2.5%/min

] - Opena
. I Pjessm‘e release Point | \f‘ autoclave
©
o 2.4

2.1 \

o ’
2.
o - A\
& [Nacumbpesare 1/ X

Time

Fig. 19. Autoclave curing history



88 Jeayoul Lee, Kwangwoo Jeon, Jeayeon Choi, Goobong Chung, Jinho Suh, llseob Choi, Kwangbok Shin

Fig. 20. Manufacturing procedure for composite frame
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Fig. 21. Development of the lightweight wearable robot
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