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Design and Fabrication of Soft Deformable Wheel Robot using Composite Materials
and Shape Memory Alloy Coil Spring Actuators
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In order to operate a search and rescue robot in hazardous area, the robot requires high mobility
and adaptable locomotion for moving in unpredictable environments. In this paper, we propose
the deformable soft wheel robot that can produce three kinds of driving modes; caterpillar driving
mode, normal wheel driving mode, legged-wheel driving mode. The robot changes its driving
mode as it faces the various obstacles such as a small gap, stairs etc. Soft film and composite
materials are used for fabrication of deformable wheel structure and Shape Memory Alloy (SMA)
coil spring actuators are attached on the structure as an artificial muscle. Film lamination and an
composite manufacturing process is introduced and the robot design is required to be modified
and compromised to applying the manufacturing process. The prototype is developed and tested
for verifying feasibility of the deformable wheel locomotion.

Key Words: Deformable Wheel (& HIF), Soft Robotics (¢ Z ), Shape Memory Alloy Coil Spring Actuator (&4 7]
A2 1570), Search and Rescue Robot ( g
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Fig. 3 Three kinds of driving modes of the deformable
wheel robot'
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Fig. 5 (a) Configuration of the SMA coil spring
actuators and actuation strategy (b) Sequential
snapshot of motion of the single deformable
wheel

2.2 'HE HIF & (Spokes) A L A Z
Fig. 6 3 o] A 7}A9] RER 23]
o]7] el BHO FAH(EA)S vk 7HA
9 3 5 o9lon uiF st WEge] we o 7E
FAE 4 9= vk F3b vhF] A(Spokes)©] Z
sk olE fld B ATFolAE Al AF
o Fxsh moo] bsd AFFH] AR B
Ag AR AR AASAY. e ¢ vin
Hd F de Egels Sl F o T A9 ut
Aol glow, wF Fe Leloldd] IAHE
A & F AEF el Adgoz AAEgi
Lefolugt AAEE niFEE 1 AFER e

o

o ko o 2 X

o
o il

e

HAE 7P glom nF e A e e 1
Hol Ao} o] upHA7F BigsA Z2 & of upRat
I upg Afole] A rrt WE F dEE 6 X7t
Spherical 6 bar WAUZC] & =HALE o]F o]&
31 Fig. 3 o AI7FA F8 HTox E5F RE 9
TEEE R A & F Jow, duk £, 7

A= 3, Legged Wheel 3 0] 7}s3] %

QA 7 exE ASEA %n B A
A% B BYARES AgFozH FY pYa
Azl Fol@ & YES FHAth WPL o3
= W= St

W@ AFe Folt el Wastdn
7.

e Wy Thse v E vk A olE &
HES Fig. 7 I ol =HEJT A= Hojg
FAE Foly Ak 7M. H3A] IS o] &3t
Az HQqa, BA 9ol DC BE 9 v, BE 9



ror

I USS3X M 30 13 pp. 47-52

January 2013 / 51

DC Motor
Timing Belt

A 2EE 9% wolam T2 MM FEE
ATt HEQ] 3HHLE F e Elo|y WES} Eg
g g3 F AR A "ok

Folls S A¥S B3 A AW FERE
o] AA §& 7teAE Bl Tz gk
31 3H =9

s E=YA HW

Fig. 8(a)2t 2ol dvkd npH] F5o] 7hsshA €

dr Fig. 8(a)v= 3 W] AAEFS FAd FE5A

FU 2 25L& Fo|, A T o] &3l

4qm gt AAE T AlgtEo] HETHoR
HH}EHI o) YA l 2

A S @ & T ol wR wAel g
o7

4 e SMA ZY FEVE TAHLE FEAA
ZEet A EE goz voprls gyt
Aoz upF e WA E HUp =& we
ek vbEE S Ukqa JA FuE T ukEE
o] &3to] vt AL BrbsEith olwd o
5 JMeAe vFe HES B3 F9 Y

(b)
Fig. 8 (a) Configuration of the SMA coil spring actuators

and actuation strategy (b) Sequential snapshot of
motion of the single deformable wheel

Ao] Legged Wheel 3 o] ZHo] & 5 9]
< Aotk god vH 9 AHE T =& ds
dom gephs Aelth o Fig 8b)elA =<l
s

G 5 oqnh @ A vhREe olgd 2 &
A w3k QA SRl AR S
ahale] Rope AmSA wEel 9E gov o

s B
e Qo BB FEI 5 A9

HZ F=ge ARE ol&T 23, VA A&
go] Jitro] &hs] o] Folx L Ut} olE VIE
/] E}%-@l. ng_.E_ o].&é-]_ Ei uj 7]7;" /\]/\Eﬂg]
B3l kel ol 7px @Awstel FHotd 5
e AYa 7] wiEelth Asixl el g
g AE T 7leE T8ty wiel
% E7lse &AdAE 7 VIss AT

o

o

o J
o mx

(

¢

1



ror

= UZESR M 30 135 pp. 47-52

January 2013 / 52

qet. iy

NS &3

Sale) g
AzRlg g

2=~ (e}
23 g s

1z

=
=)
)
2
> Ho

cog Ans 459 WAYZe
| %8 ARIAE 75e
e Az Adel 77

w4 A e Al=Eol

A

(

)

T
o
s
bt
Jht o

ol

o)
)

i

2
ot
9_‘
g
b N
o
E o o 1o g
A 2
oo o I
&’1-4 P‘L
o _& i
F =
N
) i
o
5>
o i)
oft 1o
o,
= o
o

]
S
2, oA

°
N N
&2t
flo o
4o m

i
lo

A =
R R
= Sfue] dAYSE
A= 7hed Feee Aw d
g Ee et g1 e R
L AT A=Ee B3l Eo
e = 3l

HE e e E9
7Hd el ke
of wesh A7l
e 7sE W

o
ko] Ags

re
Y,
=2
X
(e
of
T
1o
r
B g -
—1E E ol
i)
bl
i
M
2
N
N
>

N
o,

T

M
2
N

BN 1S o

o 1T to
—_

o off
oX,
15\
ol
Hie

\
k)
m
24
Uopn 2 ook
LU
-
il
2
B
Ir

T
i
.

]_

N
i

Bk
¥ off i
0o e

it
k]
0%
2
iy oK
ol
1o
2V
-
o
H
o
N

re
g 2
-
201:1
)
e
it

o
8
2
4z > olm
3} a
flo
_>|4_‘
o
k1

e
e
$

|
w1

p

ox N
d
=,
oo X

SO
X
2
4w
S

2
o

42

o E
¥ o

(

P
ol
K
s
flo ™
oft
it

[€ o
P
N
=) i
- o [
R
1o
4
o
ally
o

RN O g der o O

= poy

o = o

w

Z »

>

K

i

[

By d
o oft
1o
9
O
I
)
i
o
=)
>,

o w2
o
o o T e
oo
o & -
Q
b i
o =
=
=
[ 2
=
z
o
N
b
Lt
2
N
N
o
el

N m
rlo
=

ox
N o ¥

=
APo s ghamATAGe] L& ol F3d 7%
219l (No. 2009-0087640).

—

Koh, J., Lee, D., Kim, S., and Cho, K., “Deformable
soft wheel robot using hybrid actuation,” Proc.
IEEE/RSJ Int. Conf. on Intelligent Robots and
System, 2012.

Saranli, U., Buehler, M., and Koditschek, D., “RHex:
A Simple and Highly Mobile Hexapod Robot,” The
International Journal of Robotics Research, Vol. 20,
No. 7, pp. 616-631, 2001.

Shepherd, R., Ilievski, F., Choi, W., Morin, S., Stokes,
A., Mazzeo, A., Chen, X., Wang, M., and Whitesides,
G, “Multigait Soft Robot,” PNAS, Vol. 108, No. 51,
pp- 20400-20403, 2011.

Cianchetti, M., Arienti, A., Follador, M., Mazzolai, B.,
Dario, P., and Laschi, C., “Design concept and
validation of a robotic arm inspired by the octopus,”
Materials Science and Engineering: C, Vol. 31, No. 6,
pp- 1230-1239, 2011.

Koh, J. S., Kim, S. W., Oh, I. C., Song, S. H., Ahn,
S. H., and Cho, K. J., “Hybrid Actuating System
Based Morphing Robot For Disaster Area
Exploration,” Proc. of KSPE Spring Conference, pp.
793-794, 2011.

Koh, J. S., Lee, D. Y., Kim, S. W., and Cho, K. J,,
“Design and Fabrication of Composite Sheet Spoke
for Torque Transmission of Small Scale Morphing
Wheel,” Proc. of KSPE Spring Conference, pp. 561-
562, 2012.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


