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Abstract

Nowadays, a lot of tall buildings have been built due to urbanization. Maintenance or
inspection of them are necessary but dangerous for human workers. Robots that can move
on a wall are desired to be developed for improving the automation of the tasks.

Robots using active suction mechanisms have been widely researched. The active suc-
tion mechanisms can adhere to a wall by themselves. However, weights of the robots are
heavy because the active suction mechanisms need components for generating an adher-
ing force. In addition, energy is consumed by the mechanism to maintain adhesion to the
wall.

This paper presents a wall-climbing robot that uses passive suction cups as the adhering
components. Passive suction cup is categorized as one of the passive suction mechanisms.
Although the cup must be pushed to a wall in order to be attached to the wall, it does not
need any energy to maintain the adhesion. Moreover, the cup can be detached easily by a
small pulling force when the edge is peeled off. This robot, which has a single motor, can
not only move on a wall but can also autonomously attach and detach the suction cups to
the wall. The robot has a guide rail that distributes a load to adhering suction cups, and a
supporting tail to prevent from falling off by canceling the bias of the distribution.

Load distribution analysis shows the distribution of the loads on the suction cups. The
optimal parameters of the robot are designed based on this analysis, and a prototype is
fabricated based on these parameters. Finally, we conduct experiments to verify the robot
performance.
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H Active adhesion mechanism Passive adhesion mechanism

Example Suction cup with vacuum pump Permanent magnet
Energy to maintain adhering Necessary Unnecessary
Weight Heavy Light
Suction force Strong Weak
Control of adhesion Easy Difficult
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Attaching a suction cup
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Rotating shaft
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/A' K HIVZAAN

X 2.13: & WA 5 H

HA R —IARDEERE B3] 28 L THBY, WEROMEIZLDZARMDIFY %
RS, RimxoaRy KT, <UL MCEFBRBICERY (13704 R % 7 FQ
HA RL—v EZ2gfit LN B84 5. A FL—LA23d 5854, X2.13(a) DX
5KN»%’p&ﬁﬁiMh%f HA RL—IVNOHA R 7 b % U TEK

IZARBMND L. HA R U— UZERAWER S 2 DT, KW IND 5 INTWAED
%Ul T ESELZ ERAEELE R D.
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E3IFE ORy b5 A—55E

ABETIE, vRy F2EER ECFE I L7230 28 m & WoE Th oS W InNh 28
15 DFF S FIRAT 2R it,%@%ﬁL%O%T,HT/F%%W?%LTM%
LIRS T A= EixEt T D,

3.1 WREE(C N4 B AT DT

2AFNCBWTHIR L7218 Y, Wiz # UAHT B IS & CTlE oW 13
MO SELNE FROARNIIMNbLS. DFV, Kol y FRAH- IR EZ T
T AL, WENIDBLTRIEERD. WENDENE, WEHR L ATORIICTLY
Ry FRBEENSEENTLE S, 20D, WEOWLE 2/ S5 FE0NIETEIC
HETHD.

B3.1 Dk Hic, BEmE EERF RIS, REF, BEHFLIIN, TOMDIT)
F, 29 30D OWARIZ iMbofwé Fy <F L7po70=350, WEn
BEmDNOHDBND. DFEY, WEOWIE ZHEFFT 521X, Fy > F 5251257
ST X B 70,

kX, BEmBE ZERT DI20E, BEEICEERNNF 28I E LTI
ONEND 5.

Normal force, N

Suction force, F;

(—4

The other external force, F,

X 3.1: W& OWAIZ b 58

X3.2(a) lIRT X DT, WES, WikLEEL OB AZRITIE, ARy bod
4bv—we%@$®&ﬁ_i,$¢@éﬁ,i%%ﬂaxféﬁ&m92@ﬁ®
SN 5. FO, vy NBBEREIZEIET 556, K3.20) IR T L9
W& T HRKWRITZ O 2FEO NI LD AMEZ T H. Ik, A FL—/LOHA R
IYHHEREIC X 0, ARPSBIICOBT 2 EVHIREL TS, AEITlE, ZOARM
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D x J]5y Z AT L, BEmBEIHIC 2 TOWRBRNIL WRER G EZ RO 5. EEE
IZiE, BARy RRBEmLAOIEVIELLIGEEEZ DL yRDbBEINDINETH
L0, T TIHEWBOMAEICER LTWA T, BEmE & EE R x il OB & ffHNT3
5. DIETO TRBE~OAR] TR TxRyDAMEE®RT L L LT 5.

r S ~_ -
> - -
o\ - \:\ N
¢ “ > S 4 7 >
\ { \ /
N ~e - /I x N ~e - 7 x
]
]
Al i
< |
| i | K
Friction force |
\ ° : °
[ ] [ ]
N N
4 N -
% Z
l N N
< Si
/ A <]
. L4 b
Suction force
{ (]
|
< LN
] \|
<> | \
\\\ h[ v N
vy v y
(a) (b)

320 WA FL—)L & ZDHDORBEITIMD 558 (a) &, DTN LD WAE~D
AT (b)

FRHTICHE IS5 /85 A =5 &L FO Y 2 MR,
o M, [kg]l: By PARIKDOE &

M, [kg] : XFFRDOHE &

g [m/s?] : EF s

h, [mm] : AR E 2SS 2R hARROE L F T HiEE
hy [mm] : AAREE ) D XFFROEEOER S E TOREE
[ [mm] : WA OEY A+ kR

L, [mm] : §ii5 77—V & SZRfRE E i & o iR

n: A K L—/LNOWE T O WA D EE
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Si: HA RL—/LIND LD i %5 H O
e y; [mm] : JFUR O & S; DD EHE

F;[N]: S;icmbo s

ksum [N/mm)] : y BHZLR S 272 0 OBR O34T DAL &

Fo IN] - #I LA T ORI LV FRBTA FL—nZz5< )

3.1.1 Ao EREEm

AR b B AL, hEEe—A v MIETIERIZLvkRkOONS. LA
N5, KD DREXAMOBUTRAEDOEE I T HFAET D120, ETORBEITINbSHA
il 2 1RO D Z LIIREETH D, 72720, K321CE£IND X ITAMPBRIE
(BT D EAE LTce, mAIOWHE So ~D x TFTa DA Fy & g~ RO
BN RSB0 OBCE kam D05 L, KB DL, nfHOWET DEMED
FOIFRTHD S ~Dx FEOAM F RO, fERELTETORE~D x
FhOARNRRDEND., 22T, 0<i<n—1Th5s.

Fi :F0+ilksum (3.1)

2ODKINTHD keym & Fy ZRODITIE, 200X NBNNETHD. Kig
TIL, x O HDERELEORY DE—RA L FOEXLY, kam & Fo 2R 5.
9, x FHEOINE LT, X (B.3) DD 0.

n—1
Fn = ) F (32)
i=0

n—1

= Y (Fo+ilksum) (3.3)
i=0

InEEERT 5L, NG DBROLND.

F, I(n—1
—t:Fo—l—M
n 2

W, HORAYDE—RAL FOIZELT, 2(3.6) 23KV 7.

ksum (3.4)

n—1

FyL,— (Mghy+Mgh,) = Y (Fy;) (3.5)
i=0
n—1

— Y {(Fo+ ilkeam) (o + il)} (3.6)
i=0

InEEHTLHE, XGEDPKROLND.

2(FyLy—M,gh, —Mgh,) N I(n—1){3y0+1(2n—1)}
n{2y+in—1} 0 3{2y+I(n—1)}

Ksum (3.7
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X34, BN LY, kam & FplEThTh, X (38), 3.9 THRTILNTES.

622G+ Fy {2(yo— Lp) +1(n—1)}]
ksum - - l2(n _ 1>n(1/1;—|— 1) (38)

23G+F {3(vo—Lp) +1(2n—1)}]

Fo= In(n+1) (3:9)
BB, ZTITGIEEEHNETHY, X @GB.10) TRIND.
G = (Myhy+Mhy)g (3.10)

X (B, 3.8)-(3.10) LV, AuRy bDOFWE~ZEHI DAML, K33DLD
ICRTZENTED. ZIZTHE, kum=0,RDEIITHNRTA—FEZFREL T
5. TOREE, M,4+M=03kg, [=16mm, n=6, g=9.8m/s?>, L, =73 mm,
yo=16mm, h,=h, =26 mm, F, =45N Th 5. 728, HEOHEO P .LITHE
RBEOTLTHD LUE LT

So =
% St i
= N .
8 O Gravity
g 52 = 0Tl
%D S3 E:_I m Total
5 n
§ S4 =

Ss —

3 -2 -1 0 | 2 3 4
Load in the x direction [N]

3.3: HTHEAE DA TN D AT CRIR®H D)

Fio, ZEFROEOAHERERICE L COHRRICET LV ENTTTT5 &, 20O
LA DOKIRI b S amIE, K3.4DKLHICFRKEN5 ([8,9]. AidEED 1#2ET
b, X34 0B, FERClCEiRT 5.
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30 — | | |
%Sl —
q |
.2
gSz 7
) [
= 53 O Gravity
= Sy m Reaction force
< i m Total
Ss

3 -2 -1 0 | 2 3 Z

Load in the x direction [N]
4 3.4: BRSO WARIZINbD 2 AW CFFER L)

3.3, 34 LY, EAHCE2AMIFROAEICELL T, %7 EEHOWEIC
EHLTLEY. 20k, K34I1TRT LI, XFRAZ2OVEGA IR LT
DN L DEME Fo0T EEORMICEFT L, EH~OARMORY NELY K
7o TLEH. ZOKMHE, FEOWMBIIWAEZ T HmoOARS b TEY,
FERANCIRAR L U CTHEREL TR W R0 5.

— 5T, XFBRABDIHEEE, K33 IR T LI, XFHRICLDLZAMICELST
EERDOWAREA~D AR ORY ZEESEDL 2 ENARETHD. ZOHE, kam =0T
HY, ETORBE~OAMDIEZEL THILENTES.

3.12 WRERMENSHERETORB~DAEFTOEIL

B/ NI T X720, AedRy MIkgyn =0T D52 ENARETHD. Z D
B, SWEOAMIIED LR, ETOWMRIZHE CAamA™ b5, R ((3.8) L1,
keum = 01272 5 5:M0%, LFOXTET Z LN TES.

0=2G+F;{2(o—L,)+I(n—1)} (3.11)

ZORERD E, By BT HONRG05. K357 T X912, yoldaih 7 —
Ut Sy FTOHEETH 5.

K 35ZRTL21, A RL— L NOH LS 1T~V FORERRIZ K> THLiE
NELL, TOELTIE T TS ~OAMF 2L 5. ()IE, SHBHTA KL—ic
Ao T2 THY, S=Sp, yo=ITHD. ZZTiE, (1) DOHEI kym=0ThHD
ERET D, (2) T, KIRELTS=S) TH DA, ~Ub hDEHERIC L 0 WO E
BIRNE D DT, yo DI L ~EBIMLTE. £oT, BB LY, kum #0
% E, B)DEITS Ny =201 5[, HLWEENH A FL—L
AND. ZOWENHTNZ Sy &0, SIES1 785, ZDD, yldl<yy<2l &
WO HEIPHIZEB W T I OFEIcE(LT 5.
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=¥

= Vv

<~

(=)
%

= v

Yo

AY

S

i

!

\

'|'

(1)S = So, yo=1 (2)S=So, yo=3I (3)S=S1, yo=

1€ 3.5: ~L ks DEIHEIC K 5 WA OAE 2L

KBAD) EH3SD )0 Q) ~DEALIL VDX, yo 3D 1 ODED
BATLY, kam =0ICRRETDHZENTER. 2F D, BHIHAI kam =012
B ERELILELTYH, ~L hOBEERIZ K> TRBEOMENENT D E, kum=0

TS 720, WRICRO BAELCTLES. 207D, HIGAETT TRIED
ETOMEREEEE L, WE~OAMORRENEITWAE LY b/hSL<R5H5%
HaEROLZVENDH D, BT, ZOFRMFIZHONTERRD.

£.(3.1), (3.8)-(3.10) LV, HDHWHES DAL O T F TITb 5 AL
3.6, 37D X kO ND. ZZTOWRERLE - & T1%, WENRTA RL—iZ
ASTIHHHAETEEWRL, FIXSIZMb3E/MTHD.

E&6iMA@62O@m IRV Thkam =01 LTEHADOAROENTH D, yo=1
Theum = 012725385801, y=69 2B W TH 10N Oz~ L, AffD i KEIZ
R0 Db D DNS #5 LIRS, yo=31 Tham=012722 ERET DL, K
3.6 DX DITHFRE 2D, ARORKMEIZRY BAETRV. 2078, WROKE
S kA EICB b B &&«@ﬁﬁ®%kﬁﬁ%%ﬁwﬁ_&ﬁf%5.:h
£Y, yo=3 Chum=01272% ERETHONHYITHD L F 2 5.
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10 1
| — =w=Ln=3 ||
/ —0=31/2, n=3

S AN

Z
2 N \\
/ \
0 N—
N\
-2
35 70 105 140 175
y [mm]

3.6: WE R OO AR DL (I =35 mm, Fy = 12N, 72 % yo)

— 5T, WEA~OAMOMEIE, K3TITRT LI, WETORBEOKIZEI-TH
BT 5. WHEOREA LR, BRASET 2 EFTOBNMZ DT, 1O0OR
B 5 BHIEROT 5. 2720, WO 2809 L, Zhictkor Ry
FNOEELEL RS TLED. 207D, WEA~DARMLEWE T L DLEEREEE
L, z%+\@&ﬂ®@ﬁ%&ﬂ1o&to@w%ﬁ§ w U AU B 7o,

10

— =30=312, =3 | |
——0=31/2, n=4

4 r

A

//|L

4//\//\*\1\

F [N]

35 70 105 140 175
y [mm]
%] 3.7: W5+ O WS D DAY (1 =35mm, F; = 12N, %72 % n)

32 NTA—RDFEBEL

BTHT TIXEAS~ DO AW O Y M2 DT 21T 7208, ki uiy hoY)
BNRTG A =R EBFHTHLERS D, AEITHE, K38 ELUTDOY A MIRT 5D
DIRTA—=ZIZBHL T, KEREERTT H.

o p: SCFFRIRIEAHNAN D SRR & BEE OBl i E TOMBEL & L, & OLLE
o L, [mm]: iiJ7 7" — U 7 b 3R BldREh &£ T o iRk
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o F, [N]: WX DE Y HF 2kt 2BED D DK S
o [ [mm]: WAk oD [ &

o n: BEMIZAE T 2 WA DE %L

F,
_____ &7 g
W R FFe
Yk s | | Lr "k
- F i
IIQ © <
Lt:pr :
2 Foi -/t’
y Fi=3F,
(@ BRSICHET H T A4 () NS 237 A =4

3.8 WEtSN DT A =X

321 XHEFERORT

F9, XFFROESICET T A—=FTHD pll o> TRDS. piF, X (3.12)
TERIND LI, XFROEIIZHETHNTIA—FZTH 5.

=1,

BE B CIE, SKRFRDBESPUAR 2 #9013, WARDNEE IS L TR vz
L. DFEY, F EXFRVEELMT ) FIL, A FL—/L &l L TR A EEIC
* U THEEIZSIK AR E o> Trb b, KoT, W% 5 x HMOAf OFF
L F EFELLS 72D, XQBI3) TRDODLZENTED.

p (3.12)

n—1
Z F,=Fy, (3.13)
i=0

Fo, Fuld, FL L FEOMTHLDT, A (3.14) 3LV 3L,

Fy=F,+F (3.14)

24



TEROETEEE Y O0F—A 2 b EWED, KQB15 N LD, s, X
FRETA RL—NE_XT V72 BLTERESNTWSADT, F,ERIZEDE—
Ay NEIHA RL—NITED B 720,

1
F=-F, (3.15)
p

PLELD, Fyldp b Ficky, UFORTESID.
Fi=(1+-)F, (3.16)

N (3.16) LV, p EWBOAMOKRIMORERIIK3ID XL IR D. Z Tl
FF=10NTHh>d. 2LV, FER—EDOLARITp NRKEL 2D, Fy 077
LT ENGhD., XoT, pPREL DR, WEOARORMBBDT 5720, X
HRIETNIIEWEERWEWZ 5.

LR, pERE<<TrL, TNETXFREOEE - BEEMHEZTLED.
ZOE, pBR1INL 2RI LEALEINL AL DGETHRD L, XFEOE
SNHFEICEZTEZLICHELLT, BT 28MORETp L 10262155
ANSHEREOHEZRLTND. ko T, AMERED SELIHMENRKEI N LD
p DIEZE2IZRET .

25
20
15 —_—
10 ’
5
0 1 1 1

Fiy [N]

[X] 3.9: Z WA i B Al DOFSFD

WIZ, L, DRIBERMEERD 5.
KGBID XY, kum=0&,725 L IZUTFTORTRDHN S,
_E l(n—l)—|—2y0
lg,—-}§t4-—————75————— (3.17)
B LY, yo=31CBVThkum = 0127225 LRET 2O MY TH D & bhoiz.
ZDHED L, 1E, KQG.17) &V, UTOXTESTZ ENHEKS.

_ G +l(n+2) (3.18)
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BRI, K (3.16), (3.18) LV, i Ly IZFLLFOXTRESND.

p G Il(n+2)
L,= — 3.19
r p+1E+ 2 (3.19)

UETRDIEp L L ICEY, XFFROERZEDDLZLENARELRD.

322 RBEOKEST - BER

2T, WA ORKERR, WICWEORED X/ S E o,
AT 2WEORE IO[EBEZRETS.

AR L7= X 912, BEE COWAROI LA L, WG ool 4 iz ko %
HESEDLENARETHD. OFV, WEICKERUAMT N F, N/ NEL, WEF,
DREL, FEEF,EDLETHL RVPRENEN R OEmMBEI 2Ry MI@E LT
WHEWZS, RIFHX(3.20) THEEND.

F,
R==_ 2
3 (3.20)

F7o, HOHPHITHRE TELDWBEOEIIRE SIS TEDLLOTREORE S
LEETHY, WRORESHIZY OPAETOBKRLLETH L. FEERITEEY -
DDORTIHET 2T THLN, AEETIIn ARy hORSVEHEELRDIZD, W
BOHERD L ROWETHD Eoicky, WgazkETS. Lo, F, LR %
NI VFHIL, T WEZRET S, T OFHNZAT O EERIGE O
B2 3.10 1277, 1 OOWREM LT TRV ANTETOZEF o)) %,
B snzhe ik et s.

: e Surface for adhering

Z
|
> . >
\ /
Force sensor
(a) B 0 A3 J15HH) (b) W& JIFHI

<] 3.10: WEARERE O G &

FHHILTAEO—F 2K 3.11 1277, Bl RNEOHHTHDHDT, K/MEITH
LT 1R, wKRMEIZERY AL HERL TV D,
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60
50

40 ”/ﬂwr
30

0 /

10 /

Force in the Z direction [N]

-10
0 100 200 300 400 500

Number of sampling

X1 3.11: BAEE Y £FF « B & LIS B 72 73 0 FHAGSE 5461 (D = 35 mm)

FHHE SR~ B RO T2 [EAE 25-40 mm DOWAR O IT A UK Z, £ 3.1 1TRT

& 3.1 W O R

Dmm] [ 7 NI [FINI| R | E[t/mm]
25 8 30 3.75 0.150
30 10 40 4.00 0.133
35 10 50 5.00 0.143
40 15 80 5.33 0.133

#3150, HRDOEN/KEI VO, EEN40mm OWETHS. L, Z
OWART R b/ SV, —J5 T, RS H REWVOIZER 25 mm OWHETH 573,
IOLEEROENMEKTHS. ULV, REEDLBLL 2FAICKEY, B
235 mm OB A AT L200/Z Y THHEEZOLND. HiEOWEOTHEE
72O E L THRADOELRIZS mm 23BN LT, WBEROEDY 1)/ % 40 mm
ERELT.

F7-, BITECTOWRAREY ), WAEROFBEEOM 14 R HI1201%, WA LA
TGOS F AL Fy L b, e REATRT Fpax /L F A FICRDUGERS L. F.I8NF, D 2%
(F,=20N) TH v, BEE3Smm OWENTA RL—L EIZ5%51H2 (n=>5)IRRET
1L, BROZEOmAVIK 312 DX 512720, Fux 1THIN &5, #£3.1 L0,
B35 mm OWED F 1X50N TH L5000, WEOAMICE L TS5.6 [HF0Le2E%y
BRI TWDHZ Lz b.
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3.12: W& OWLHE D E T

UtbXy,

[S—

O =MW U 0O S

2Ry FDFNTA—=2E, RI2OXIIZEDDLZENTED.

/ P AL \
/ /| N
/S |\ /7 N\
/ < ’ \
40 80 120 160 200 240
y [mm]

#32: WWET ARy hDOXT A—H

Parameter

P

L, [mm]

Fr [N]

[[mm] | n

Value

2

142

20

40 5

28

D2 (1 =40mm, F, =20N, n=15)



F4E EEBRYPER

ARFETIE, AR LIEERBEI 0 A v OFEIBROFR L T DERERND.

41 EEBRRAR

AE TR LN T A= IZHEASNWTEYEL e Ry b &2XK4.118T. 72, =
OuRy NOELRHAEEFR 41T

X 4.1: B3¢ L7-BE@mBEi n AR v ~

7% 4.1 FAAEHOHRE

Size (Length x Width x Height) [mm] || 521 x 143 x 70
Mass [kg] 0.5
Actuator DC motor x2
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ZowuRy FOBEEBEOAMEZRAET 5720, UUTFD 3 SOEREITH.
RER 1 ORI Y AH RIS LD, HT ISR 2 BE IR SE D,
EER2 MR S UEEHEIC L0, W 2 28I D 44

SRER 3 WHARST LAV SRS & WRARI D A LB O ey 70 BRREIC LV, vy b & BE
LGB S S.

B, ETCOEREITOBRICL, vry NOEREZ AMOF CEHIZH Lo T
JES T DWW 2 2 CREEIZW S ST ORI T 5. ERO-OOBEMIZIZR @I G
LINTHENDRWARY A FAR— REMEHAL, #mlox L CREIZEHETE L

4.2 FEER#ER

FEEROFER %, X 4.2-4.4 17

K421%, Ry bORIHFEHOMEXZFE L TWD. ZORKTHE, BIFERIZBW
T 1 OOWAE(S,) NEEREICHEfL L, WHFTHHEFEZRL TN,

K431, Ry hOBGTHBOMEXKEZEL TS, ZOKTIE, BFEIIZEN
T 1 OOWHE (Sq) 2NBER & OWHEZ MRS, BEmNA LMY A SNBHEFEZRLT
W5,

X 4.41%, vRy MPBEmMEZBEL TOLOIHKFE2RKLTND.
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2)

3) “4)

4.2: WAREL Y f-F VT F S SR
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(2)

o))

4)

(

3)

4.3: WAREL Y A RS S5
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t=30s t=40s t=50s

t=60s t=70s t=280s

4.4: BEHAS BN FZER
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43 EEBERDEE
EBRORRE MR AT, ZHETICERET .

FE1

Bl4.2D (1) M6 @) IZRT LT, AueRy NTHE, BiFAIC I WEOW S
CEER R L, XRFRICE VAT 7=V TOWEOH LA NFEB L. £k
R, DIRTORERE CIT R L 72T 55 ORI A L=, (1) TIiX, WER
HiT 7=V DFEDPWAIZZE LE > TV D, (2) Tk, WA RSB IS LTl b
IZEEfR L, 3) TIEETSF 7 —VIC X VEEEICH Lo 6T, HEMIZIT @) ITRS
NHEIITREZETT T 5.

7272 L, BEWm AR D ERBENEE 2 DIZ DV TR LA AR+ & 720, B i+
IRRT 2 2 &AL, AKeRy M TIRERY TSI —U6EZ LTk 5
+, ZEICRIE O AT 21T o T\, FD7%, EBRENCEEE D E S
DAHF - L el LT, Bl y M2 X o TEY AT S =& 345 LA T 23407
<, WHEOHDOELZDOPEHNLRR T TH D, WEOFOZEKZOPEHN AR+ T
HbHE, WEOREINDLTOWINT 5. BEEZ B DHI2oN T, 0 SIOHEIMMN
BRELTVWE, +olEITInBmona o T, ZTOME, MLMT LN
ERICWAEDER ST, B TR RKT 5.

FER2

43D 1) 2D @) IR T DI, BE LAY /4 UHEIC - T 4 B
DA Z LI LT, (1) TlE, WEIEEEE IS LTWD. 2) TiE, BARy b
D% ITEBICEEL TEBY, ROETI VD SNFIN S TEKNWAENEIZHA L
B TWD . 3) TIHEENREE SN TEY, KEMNIZIZ@) IREND L) icwse
(ZEEH N GHEEN S .

LU G, WG OWRARNE FERICEIE L THED M WGA N RAE L.
ZAUE, PRI Z RN LK E 2 N A RESE L ROESOEBZHTSNTE LT,
BN LEEORORE S %2, BRBRMICIRELTZZ ERFRRTHL EEZLND.

RER 3

ARG OFRE TIXRI L2 COIDY BT L, %G TORmY L &4
X o> CTREMBEIZ AHEIC LT\ 5. BIRIORIEK TIL, EBRE 1A DRI ER
LS TR AT NNV AIND EETFLTCLESED, AufRy b T
%, 441778918, 7e—F8HORID 2MEU LOERZHKRO~—27 026
BEIL CWDDORSND.

ARy b, FEE1S>OF—4% CEEBEIZEZHT 5O THLH0, 4EH
fELT=a Ry MIET—FD M ARRIZEY, RILE—2%2 2o L7, X452
AT LI, 2ODF—FIZWMVHToNTZENENDT A —LN1ODT 4+ — A
RA =NV EHESE, =) A SES. U VT —0ESENICET A#&EHD
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ARFFIC X VBRI LIS EO TP TEE o= 2 b3, PRLELLED F v
TP LI o2 1 OOHERTIE RN EZEZ LS.

X 4.5: 2 5OF—HX|Z LD~ ks OEKRE)

Fo, ZowrARy MIBEEBENIARETH L, BOKITD I LITIRAETH-
7o EER1 XV, BOMEEESIEA D SRR ATV RIL T LE S alk7zas, i
AT NFWE T ORI L > THRAESEDLZ LN TE L7720, 1 ODOPHEORY
T 2R 2 EIROWEEDIR VAT b EREEL 25, ZIZED, BT TIE
WA DI AT 23 Ligel TRGE TIXREZ IRV 4 Lt 5 &, WihidaeT
DOWHEDBEF 22 HAN T LEY, ®iRE LTrARy FOBEmNS D% FARETS.
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BSE G

51 XKEXDEED

K3 TIE, B 2 WoE AR W7 m— ZRIBEmBE o R > MZOWWT
wARIz ZourRy MIZe—=7 90 OB ZFH L TBENIIZT TR, RO
ROAHF - AL BATH. £z, ARIEEORBEZ RS 272012, WROWss
M OBER & OEfh A FBLT D [/ a—F ORI, KWE~OAR O % fiH
LTuRy hORE T2 TRREHEME] 2Bl

LE LT BEmBE) 21T O To DI OWE ZMaFr T 2 LN H D, BiE~DA
WRWAE N ZBZ IR SR, BELERDWAENZRD L0, WHEEIZND 5 A
i 2 F I FRNCHT Lo, 2 LT, RO RN 2 2, XFFROK SN
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Parts ‘ Specification Used number

DC motor | Nominal torque: 1.28 mNm 2
Nominal Speed: 7110 rpm
Nominal voltage: 9.0 V
Nominal current: 0.256 A
Gear head Reduction ratio: 1:67 2
Worm gear Reduction ratio: 1:20 2
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Parts ‘ Specification ‘ Used number
Crawler belt Perimeter: 600 mm, Width: 10 mm 2
Suction cup | Diameter: 35 mm, Maximum load: 0.5 kg 30
Guide shaft Made of Polyacetal 30
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T _ 62M,gh, + F {2y +1(n—1)}]
e P(n—1n(n+1)

(C.1)

2[3M,gh, + F, {3yo+1(2m—1)}]
In(n+1)

D= (C.2)
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M,=03kg, =16 mm, n=6, g:9.8m/s2, yo= 16 mm, h, =26 mm, F,=4.5
N EFE LT2%h, SRS 2 AMIEN 3405 IcRkRsnD.
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