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Abstract: This study applied finite element analysis (FEA) to the body frame of the 200-meter class multi-legged
subsea walking robot known as Crabster (CR200). The body frame of the CR200 is modeled after the ribcage of a
human so that it can disperse applied external loads. It is made of carbon-fiber-reinforced plastic (CFRP). Therefore,
the frame is lighter and stronger than it would be if it were made of other conventional materials. In order to perform
FEA for the CFRP body frame, we applied the material properties of the CFRP as obtained from a specimen test to an
FE model of CFRP frame. Finally, we performed FEA with respect to the load conditions encountered when the robot is
launched into and recovered from the sea. Also, we performed FEA for the frame, assuming that it was fabricated using
a conventional material, in order to compare its characteristics with CFRP.
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Table 1 Specifications of CR200

PARAMETER VALUE
Size (m, Lx Wx H) 2.42%x245%1.16
Weight (kg) 650
Frame weight (kg) 62
Max. ground clearance (m) Over 0.5
Number of legs 6

Max. walking speed (m/sec) 0.5

Max. depth of water (m) 200

Max. endurable current (knot) 2

Power supply (volt) 150 - 190

Fig. 1 Conceptual pictures of the CR200 : (a) Walking
on the sea floor, (b) manipulation with robot
arms, and (c) To overcome strong tidal current
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Fig. 2 CR200 in the launch process

I AEAF TS 9T FEto] aste] 49
F Axel 719k ¢F 650kg & FAE 7HA 7] W
woll, A= x4 g aof s, the
= Tl =5 AAY FAE A"siH waaof
st FAlY] TS HAs) dfof gt o T
o= AY~H FAle vaAdh A3t Eets
€] (Carbon Fiber Reinforced Plastic, CFRP) .2 A| 2}3}
of 7]&e] BRIt nluste] T gin] G
Mdass 7Idsiit
aY2EE AYEE AT
°f Fig. 2 oA} go] &4 B
g 4ol Heastn
> s} npg Foll ¢
oS AHSNE

g8t At

=
eSS

5
ol
o
& Mo
0, O
N,

~
_E
H

¢

N,
e
“0,
2
w e

o r>~' )(E,
:Oé

S ool

[ ox 7

o o

[> wfn

T W o ot £

v
o
Nogo x U2 X 2 o Hd

T

3
2
rir

o

of
X [o
%o tt
e
o Hn

4
2
)
=2

e
> do

fo
o bog
T 2 o

o

ﬂﬂﬂl i o rot

ol
—_

A ZFsE A
] I ESECI=]s

A, Y iﬁoﬂﬁgl Ze}del o

T4 ARAEHIE B F1] A4 (Ready
A

o &
i
__)l.l_r"
l,

(o o2 o do )y X gl oot 2 X
o glo O o ¥ [» J
_O|L
32
oy
[e3
H:‘o

posture, TFElE 2 AADHel 7]FAFAl(Reference
posture gels FHEeR H3 ARAHE FHeta 9

< wol diste] ATt FHIAAIE vl
93 RHEYL HAV) HiE FZHola, 7EAAE
the] el o3 EHEYF Qo] HE A&
3= CFRP 3|2

7H e 2xlelnt Ed
TN Ade EH%}%%‘OM wol AgE=
s A



S BgolE ARl A4H BaMF 2

High resolution scanning sona

f‘/' Tether cable

USBL transponder, Glass fiber skin

Acoustic Doppler Carbon fiber frame

it profil
current profiler Altitude sonar

Pressure vessel

HD color zoom camera
on pan/tilt device

& - y
y 4
Acoustic camera on rotator (‘
Tool sled 7

Gripper ¢ 4-axis legs with FRP

6-axis forward
leg/arm > Contact force sensor

Fig. 3 Concept picture of equipped devices and body
frame with the legs
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Fig. 4 Manufactured CFRP body frame of CR200
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Fig. 5 Finite element model of CFRP body frame of

CR200
P4 R wAdtel w4 Fu olFTx
2 AASA ASE Bgad BA el
FAE oF 60 kgola, Eelgle] ¥ Zun shud

3. 2EAn Zajell
25tes @y
3.1 steAnd

e
e
-
>

= = g Qe gk
TZHA S T skl Fig. 5 ¢ 2ol #g
SARES o]&dle] HIAA YIS A
sttt &adF S °F 02 mm 9 §F2
AE FHE Ho] o, s (Twil) 34 (Uni-
direction)®] % 59 WS 7HHT AHAEHY &
A ZH L oldd gk AN E FH o HdaAE
AT AxdS HAES HFste] #xldte]
weks Fa ARE Azxzdelel uwep Mg S

olo] A= FTRE T3y Yste] SHELLISI &

25 AFESIlTh fEeAaREe 29572 e A

30,515 e ==& 711
oo Rt 349 ERRES vgor g

TS, FAE 9G] AHG 2ES dPo

(Truegrid v.2.3.4)& o] &3] FeAardS A}
At

32 AlEHAIY

2 E=RdlAE A 54 Ze e g

. A Q)

oft

o

Rs

Table 2 Material properties of a single layer CFRP for
the FE model"'?

. A B C
Modified parameters Type Type Type
18.2 18.2 18.2

Modulus of elasticity 56 56 56

nx,y, z[GPa] 56 56 56
o 8.9 20.6 18.2
Shear modulus of elasticity 146 191 5.46
in xy, yz, xz [GPa]
1.46 1.91 5.46
Poisson's ratio 0.3 0.3 0.3
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Table 3 FEA results of the frame according to the materials

Posture Materials parameters Load 100% Load 150% Load200%

Stress [MPa] 407 523 640

CFRP (safety margin [%]) (32.1) (12.7) (-6.8)

Reference Deform.[mm] 67.6 79.7 92.7

posture Stress [MPa] 533 713 893

Al (safety margin [%]) (-71.9) (-130.0) (-188.4)

Deform. [mm] 19.1 22.3 25.5

Stress [MPa] 377 492 610

CFRP (safety margin [%]) (37.1) (17.9) (-1.8)

Deform. [mm)] 64.1 72.8 85.6

Ready posture Stress [MPal] 490 671 851

Al (safety margin [%]) (-58.1) (-116.5) (-174.5)

Deform. [mm] 20.8 20.5 23.7
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Fig. 6 Contour of deformation for CFRP body frame
with reference posture(Load 100%)
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Fig. 7 Contour of stress for CFRP body frame with
reference posture(Load 100%)
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Fig. 8 Contour of deformation for Al. 6061 T6 body
frame with reference posture(Load 100%)
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Fig. 9 Contour of stress for Al. 6061 T6 body frame with
reference posture(Load 100%)
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