20015 FAFE LR 2

NBAEREBEFRE
REPIIERR

T © gk
Ll - Pl 7 LR
U : ZESRFE

.] FiERY & st



M SET

2001 £ LB RFE T 2A0ig s

PLAE ABETH B ShiEE R L TR R

fEE, Bt
il MR T TR
ST HFF

LiEAT S B4t
e b #e



Shanghai University Doctoral Dissertation(2001)

Auto-Cleaning Wall-climbing Robot System

Candidate: Zhang Haihong
Major: Mechatronics Engineering

Supervisor: Prof. Gong Zhenbang

Shanghai University Press

Shanghai



& X %

FRXEEMERRXLERRAFTE, BAKS L

KEEG LA CRBESR,
EMEN A L%
EE: B/ mug rsxExy 200032
FEHR: BIYW  xx rsxExs 200030
RRE iR, hmashsn 110015
TR ik, k2 200051
HMERK  Hig bk 200072
BRI 3 bukiy -200072

FIh: FEIRIB sus bk 200072




RPN L $:
L3535
AR
LA

DAL E:
R R
I
IBRZ A
X 3R
EwmXR

g, LEXBRENBAFIAN
AR, LigE %A HASF
BRR, PHREALRH I

BRER, PARILE B SHLAT
#HE, FEXFHINAR
HE, FERFHENER
i, RYBBAHERE
B R, MR & SIPT

200030
200041

110015

100080
100084
100084
410073

100081



ERERaxT R Ly RE

KA R FOHHL LRI MBARE ADFREREND
IAEFL” ZRTF “BREK 863X RM, LMk IMESL
WG, xTE NIRRT T RN TG, 4hsPB M.
BB F e LR AL, RTBEEAGAERL, A
MR T —E LB AR XICBNBA LY, FET —HER
Yo Blb. FRTF—4, FAFDKFRTROBGFHLE
B ARFTREAEZRERGEFTEBREREER (5
AFBEEAFTH: 7199 240034.1) B EFAZTEH (£
AHFHREH S H: 71002 18321.8). 44 A Sheth-Uicker #L
W7 Appell F A2 5 T By FHR ) S F 542, K BoR &K4b
KICBMBA R G EHBAT T 5,

HRIEER, X ABAE, 5 HiEhpirigs
b BAEZREE, FIAEEANE,

WXLFRFW, BAYNA, XLAYW, TBTE, Rkl
YHFETRERS ORABE LR ZRTEAN L L sit, LA
MR iR 6 1k LK F AR TAERIAR S,

B P CRIFH, WAFMIEA,

BEMERORE, —~HAZTBIAEHR, FUETH
*F4E,



2P LS

p=i

SRk,

W T,

ERBERRLE: DGR

2000 5E4H 20 A



Hlas NBETH B 3% R M TRMR

wm =

FEEAYEEEEE R —SEKE IEL, &4 Mk,
SR EIRE B AN TR YRR B, BETHE Uk B S LR A
B, BETH HSEUEPI AR ASE: BEE B B R FBE T T 4k
TR, AXCHIFHIPLEENEEH B3R LB TEER “8637 it
XBTBITIE , IR BAnR A R T BAME T Y B BB ViR
R—EWRAEL AR, REERTIERE, BKEsEM, 1
JRBCETRVEA G TAESAF, BAMRRAHT R AME, 430
ZHLBARGERITERE. HUERLRE. AERMEE. bk
BI5KIEIRERE . il RO TT H I BB AT T REREAM
W,

TEFIMBERABR MR LA RBRNBLIEST, ERTX
B PANSCHRBORE, R ERR T N SMEEEYL S AFBE T Ik
TARWIFIR, ZETBOREBFTTIH M AW /7 E M5 8, AL
Hr T HLER NEETH B 30T BE R S EIE T SEBRFF R P EAE R BR
MERL, FHETRTBUAIE L RV ERTESL, B T AR A S 2 Ie BE AL
WMNMERZREMB I T EFUES BT S, FRT RN B
Vo BB SR T —1k, I88 B sh o BeI5 K g e el 3¢
#; #T PLC WEHHSHEELRERHTEL, BLFhE
AR BT AV T R AR, SO LS A BETH H 3
RRGRAFVRER . BB, BATBKBHRER S,
HB 3 FEReg s —2m RS (mEE), B8 T R

. GERIEETENE N RE DT




2001 4¢ LR 20083

PLAS NEETH B 3B R A T EOFICEEYLSASE. 26 R
% BUELRE. ReREREIICHDT. JCEEYLSEAENE
I ERESHERTE, LIS ARRTERE T LRI 5)
ifie, EAERMAEMBIIREWATD. VSRABHIRER
REETRmERIRX LT MBS a7, RELSEAR
SAEREW L B iEsh, ASURIBITR T — MRS 30, Fmfni
BEDIRET — e JFEEE AN, NEFRAVHK
TICEEYLES NRIATERE.

AT IERLAS ARG RE T L IR BRI S RS, ik
W RERFHSXEEYN, FEYLEE N REB AR HOE 7 %504
FRAYEET (WERCECREBEE S ), FIRFREMLGEIL T TR
BERMRALS 3. KAFBRERGN RN EZENZISEL, 7
B TR NEE RS AN S RESHS IR NAERR, L
R AT R T HSKIE.

FERRIR T Ol AR GRE IR M B )G, A BRI HE e
Vel 25 B R AR DR BE T B ShIE E MR CHE, A SCH 3kt
TR KL + ERIRIPE + BIAREILE + 157K B 3l B i 1
A3, FEAPTRRIEEREMBCRNIES BREM L, MR7T
WUWTZ, SRRWRERRE RS mE MR R,

PLER N FR YL Bh 24 3 1 £ B 3 AT R SEHL ML AR A2
RERE, BICFIES TREBIERNZ A RLN Sheth-Uicher
Tk, BT RERGEFERRL, HARH TiE 5 IE RG]
RER B/ N 3ef, APLEs NRBBE IR T B IKEE, dFil
WARGR— TR YRAL, FIF Appell 7RV T HLES
NRIBI#RERY, FFe &R A LRSS PR RS L,
SRS T IRBNE . SEBMIBINETRE, KR

II



PR ABEE B 378 % R TR

T T 3A.

EHR AL EEF RSB ANITE. WM. Bk Be%s
B, WRARAERE. TERRR. RITRAGE LN
R PLC MRIERITR. EAUVLREEZARTER LA
NBEMRIZE. EaiEhliaE. NEENEE. FEFE B
SUTE. WETIMLAE, I3 PLC R—RFINHS, B&
SCIXHLAF NROSCHS T, FAUAL (PLC) FZRFER M EhE
] BER A BARASHFIAN % TAE, BRVERd vl LA A AL
HEGEE, WA LGESRESHTEE.

EATERESCISEERERI, 1R B BB A RGAE T
ExR 863" GRHIMESFER, RRLTT 2000 4F 10 AiFEid
Ex USZ” REHEREIK.

REIA RELEA, EUILBEA, SHBEY, SRR

I



2001 4¢_E¥g RS

Abstract

It is tedious, dangerous and awkward to clean the facades of
skyscrapers. Even to present, all the work is done by workers in
suspended scaffoldings. It is quite urgent to realize the automation
of fagade cleaning. Two key technique questions should be solved in
the cleaning automation process. They are wall-moving technique
and wall-cleaning technique.

The Auto-cleaning Wall-climbing Robot System discussed in
this dissertation is supported by “863” National High —tech Plan,
aiming at providing city construction industry with a highly efficient
wall-climbing robot for cleaning glass or tile wall automatically. In
this dissertation, the moving system, suction system, cleaning
system, sewage recycling system, control system are studied with
reference to relevant research works.

Guided by my tutors Prof. Gong Z.B. and associate Prof. Tan
S.L., based on lots of reference, this paper presents the classification
and features of wall-climbing robot and introduces the development
situation of wall-climbing robot and wall cleaning technique in
detail. With considerations of both techniques and practical
application, we discussed the technical difficulties in developing the
Auto-cleaning Wall-climbing Robot System. Then the dissertation
presents a prototype model. The system includes a single-suction
cup wheel-moving type wall-climbing robot which worked as
mobile platform and working platform, a combined cleaning device
which can flush, scrub, scrape the wall surface and be able to collect
sewage automatically, and a control system which was installed on
the wall-climbing robot directly. The whole system can be
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manipulated by up-computer or hand-holding control-box remotely.

The wall-climbing robot makes the whole system stick and
move on the surface. It consists of suction system and moving
system. The moving system combines non-rail sling driving mode
and omni-directional wheel driving mode together. A new type of
omni-directional wheel, which have three functions: driving, turning
and overstepping, had developed. Four sets of this kind of
omni-directional wheel consist the mobile platform of the
wall-climbing robot, which makes the whole system move on the
wall surface freely.

To solve the suction and sealing problem on the wall surface,
the air spring made of spring and air cell is designed as the sealing
mechanism. The sealing mechanism can adapt to different kinds of
wall surface such as tile surface or concrete surface. On the basis of
flow net theory, the suction models while the air pump starts and
stops suddenly or the suction cup encounters obstacles are
established. The effect between pressure inside the suction cup and
structure parameter of suction is studied. Then some rules for design
this kind of suction cup are discussed in detail.

A reasonable designed cleaning device is necessary ‘for
implementing the cleaning task. A multi-functions cleaning apparatus
is designed. This apparatus combined the flushing, scrubbing and
scraping cleaning modes. It is able to collect the sewage so that no
sewage leaks from the gap between suction cup and wall surface to
pollute the cleaned surface again. The different factors which
influence the cleaning effect and efficiency have been studied in detail.
Based on this study, the cleaning technology has been programmed.

The kinematics and dynamics equations are necessary for the
robot control. Because there are multi-closed loops and multiple
dot-connect links, the Sheth-Uicher transform is used to build the
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kinematics equation of wall climbing robot. The positive and inverse
solutions of the kinematics equation are gained. These solutions
provide the theory support for motion control of the wall-climbing
robot. The wheel driven wall-climbing robot is an non-integrity
system, Appell equation is used to established the dynamics model
of the wall-climbing robot. In fact, a given wheel serves as driving
wheel or turning wheel during moving period. Based on this pointed,
the dynamics equations for driving wheel and turning wheel are
built respectively.

The control system accomplishes the control tasks of driving
device, suction device, cleaning device and safety device . It must be
operated simply and conveniently. Two stage computer processing
system has been adapted. The up-grade computer is an home PC and
accomplishes planning routine, creating motion and posture control
commands, storing data, emulating off-line and visualizing states. It
can supervise and change information with the low-grade computer.
The low-grade computer is a PLC which accomplishes carrying out
command, gathering state data and changing information with
up-grade computer and so on. The working characteristics of
Auto-cleaning Wall-climbing Robot System required remote control.
It is realized through wireless communication between low-grade
computer and up-grade computer.

The test shows that the robot system has fulfilled the technical
requirement of the “863” contract. The project had passed the check
by 863 professional group in October 2000.

Key words wall-climbing robot, cleaning robot, omni-directional mechanism,
negative pressure suction
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