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A Study of Vacuum-Suction-Type Cleaning Robot System
for Water pipes

Youn-Jae Ham

Department of Mechatronics Engineering

Graduate School of Korea Maritime University

Abstract

Pipe systems in operation on industrial sites include water supply pipes,
waste pipes, oil pipelines, gas pipelines, and shipping pipelines; due to their
different intended uses, their direct and indirect influence in our lives is very
diverse. As a key part of social infrastructure, water pipes are directly related
to our daily lives. To supply high quality water, aging has to be prevented

and an optimal situation has to be maintained.

Many countries in the world are facing the problem of water pipe aging,
and much effort is being invested to develop technology that can more
effectively maintain water pipes. In Korea as well, on the government’ s side,

‘Local development of pipe cleaning robots’ was selected as an industry

core technology development enterprise and is being actively supported.
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This research puts forward the novel concept of a vacuum-suction-type
pipe cleaning robot that can simultaneously clean pipes and discharge sludge
outside, so that the cleaning and flushing processes of the water pipe are

simplified and performed in a single process.

The use of vacuum suction and discharge techniques in pipe-cleaning
robots has not been adequately investigated to date. Hence, in-depth studies
on this method are needed to enable efficient maintenance at actual water
supply sites. Such studies would result in improvements in driving, cleaning,

and discharge performance with maximum 45° elbow.

This study developed a GUIl-based system to control and monitor the
operation and cleaning status of @ pipe-cleaning robots and supporting
equipments in an integrated manner, which can be extended to other robotic

systems in the future.

A computer simulation was performed prior to manufacturing a prototype in
order to determine any interference between the major components of the
pipe-cleaning robots, as well as to identify their ability to operate in water
pipes with maximum 45° elbows. The results of the computer simulation were
then incorporated into the prototype design. The manufactured prototype met
the initial research goals, per the results of the primary performance tests
described herein that were conducted on a test bench under the same

conditions as buried water pipes.
- Travelling performance inside the water pipe
- Cleaning performance
- Performance in discharging sludge

- Performance of an integrated control & monitoring system

- Xii -
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Through the vacuum-suction-type discharge technology proposed in this
research, it was possible to confirm that pipe cleaning was effective and that
the water pipe rehabilitation process was shortened. In the future, research
on vacuum-suction-type technologies that can be applied to cleaning robots

use in water pipes larger than 20004, is required.

KEY WORDS : Vacuum-suction technology, Pipe cleaning robot, Water pipe,

Water-jet cleaning, Integrated control and monitoring system
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P&ID
PLC
DAQ
GUI
SMPS
ADC
SPI
MCU
ICD
NTSC
FTP
UTP
CSV
AVI
MOSI

MISO

: Piping & Instrument Diagram

: Programmable Logic Controller
: Data Acquisition

: Graphic User Interface

: Switching Mode Power Supply
: Analog to Digital Converter

. Serial Peripheral Interface

: Micro Controller Unit

. In-Circuit Debugger

: National Television System Committee
. Foiled Twisted Pair

. Unshielded Twisted Pair

: Comma Separated Value

. Audio Video Interface

: Master Output Slave Input

: Master Input Slave Output
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Fig. 1.1 Flow rate reduction rate due to pipe aging
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Table 1.1 Aggressive cleaning methods for water pipe

Cleaning
Method

Rehabilitation Method

Applicable Pipes

High
pressure

water-jetting

After inserting the hose
into the pipe, a
high-pressure water-jet of
about 15 MPa is sprayed

to clean the scale.

Applicable diameter: ®80~200 mm
Above 22.5° can not be bent
Daily workload: about 200-300 m

with different diameters
are polishing and grinding

while advancing

Pressure Grinding the scraper tool - Applicable diameter: D>®450 mm
scraping forward with hydraulic - Driving speed: 1km/hr

pressure - Maximum workload: 7 ~ 8 km/cycle
Abrasive By using a water - Applicable diameter: $80~3,000 mm
pigging pressure, several pigs - Maximum workload: 2 km/cycle
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Fig. 1.3 Configuration of MRINSPECT series
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Table 2.1 Dimension of applicable pipes

Items

Specifications

Water pipes

300A, 350A, 400A

Shape of pipes

Straight pipes
Elbows (22.5°& 45°)

Cleaning range

100 m/cycle
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Fig. 2.1 Layout of the pipe cleaning procedure
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Fig. 2.3 Principle of the vacuum suction and discharge for the scale
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Table 2.2 Characteristics of various spray patterns
Sora Injection Particle
pray efficiency Impact force diameter | Remarks
Patterns
(%) (pm)

A FARELS Hon,

Hollow AA fre] JF2lojng Fig. 2.4
cone B laguag zge ag | 0 @ ae
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A =7 Yol 490 Fig. 2.4
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THA8aE0| =0 .
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(a) Hollow cone spray pattern

(b) Full cone spray pattern

(c) Solid stream spray pattern
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(d) Flat tapered edge spray

- S

(e) Flat non-tapered edge spray

(f) Flat spray pattern

Fig. 2.4 Various spray patterns of the nozzle orifice
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Fig. 2.5 Theoretical spray range from the nozzle orifice

Table 2.3 Theoretical spray range of the injection distance

Collection @ kmou

Theoretical spray range with the injection distance (cm)
Spray angle

5 cm 10 cm 15 cm 20 cm 25 cm 30 cm

5° 0.4 0.9 1.3 1.8 2.2 2.6

10° 0.9 1.8 2.6 3.5 4.4 5.3

15° 1.3 2.6 4.0 5.3 6.6 7.9

20° 1.8 3.5 5.3 7.1 8.8 10.6

25° 2.2 4.4 6.7 8.9 11.1 13.3

30° 2.7 5.4 8.0 10.7 13.4 16.1

35° 3.2 6.3 9.5 12.6 15.8 18.9
g THHA 250A 300A 350A 400A 450A 500A
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Table 2.4 Specifications for the injection nozzle

Items Specifications
Shape of nozzle Flat spray pattern
Diameter of nozzle (d) ® 1.0 mm
Injection angle of nozzle (0) 25°
4 ea

Quantity

_17_
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Housing of waterjet nozzle

Scraper mounting parts
Scraper attachment position

Waterjet nozzle mounting position

Fig. 2.6 Configuration of the injection nozzles and the scrapping tools

g2 33E 2ALE AR AAL = e
A2l 22389 FT(scrapping too)E BAE F AEF F43T)

N
o
A7t 1F FYT 202 2Y 5 9

Sprayl(25°)
[ Injection
Mozzle(45°)
e

MNozzle
Housing

Fig. 2.7 Angle of the injection nozzle and spray
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Fig. 2.8 Configuration of the screw driving wheel units
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Drive actuator (air motor)

Air motor Augiliary wheel mounting plate

forward / reverse

BB g Compression cylinder

Mounting pesition of rotary joint

Auxiliary wheels
Motor power transmission mounting position

Compression cylinder mounting part

Rotary joint

Air motor shaft

Cylinder air line

Fig. 2.9 Configuration of the support wheel set

Fig. 210 9 Fig. 2113} o] 300A wl¥ ul3olxel Uaa) 79 &9}
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Table 2.5 Trade-off study of the driving motors

Items Air motor Servo Motor Underwater Motor
Waterproof O X 0
Maintenance O A X
Economics O A X
Specifications A @ A
Speed control A O A
Power supply Air_hose Waterproof cable | Underwater cable

Table 2.6 Specifications of the air motor

Items Specifications
Model no. LZB 46 AR0010-11
Max. power 0.60 kW
Speed at max power 50 RPM
Torque at max power 115 Nm
Min. staring torque 125 Nm
Free speed 95 RPM

Air consumption at max power

14.5 liter/sec

Weight

2.70 kg

Coll

ection @ kmou
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Auxiliary wheel part mounting position

Rotary joint

Screw driving / Auxiliary wheel
— | " paris Cylinder pneumatic line
otational motion

(eﬂte'r axis Universal joint

mounting position

Rotational motion
by air motor

wWaterjet supply line

\Waterjet injection line

Fig. 2.12 Configuration of the rotary joint

= W@ AA7)ze] A 225° 2 U AAFE T
glovt, thE §Eo) M S A ASHEF B fUMY 2E

o]
Hol 45° o] FHANME FHE = =S AA

_23_

Collection @ kmou



to =

ok

225 1F FA¥

AE FYFE Fig 2149 Lo] HeXE folaA FUT & U=
so] AFBGE L fAGHE ATUR AT LR AR o] Fho] A9
FuY F =S Y UARL BEAE B SYXE FYSE
Y7 o FHI

Bearing attachment position

Rotational motion

Rotational motion

T Center axis

Rotational motion

Fig. 2.13 Configuration of the universal joint

Vacuum seal

Vacuum seal fixing band

Auxiliary wheel mounting position

Ball joint mounting position

Foreign matter inlet

Fig. 2.14 Configuration of the vacuum suction part
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Terminal pipe

Fixed auwxliary wheels

Ball joint mounting parts

Fixed
auxiliary
wheels

Wire connection rings for
forced ejection

Air Motor Forward / Reverse Pneumatic

Foreign matter vacuum suction line Waterjet supply line

Cylinder preumatic line

Fig. 2.16 Structure of the external connection devices

2.2.7 Bx Jlg o

23 B DAQData Acquisition) 7t= 2 A7t 53 2 BE AX
55 92 + e Bx AYAE Fig. 2173 o] 743

Auxiliary wheels

Vacuum suction line fixing portion

Video camera Left / right camera mounting position

Fig. 2.17 Configuration of the auxiliary carrier
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2.2.8 Wj# HAER HAAY

=R

2 AFE T3 AR wld HAZEY AAFH HAAAGS
Fig. 2.18 & Table 2.73} 2T},

Fig. 2.18 Prototype of the pipe cleaning robot

Table 2.7 Specifications of the vacuum suction pipe cleaning robot

Items

Specifications

Driving unit

Compressed air motor

Travelling speed

Max. 2.0 m/min

Water-jet injection

High pressure water-jet

Scrapping unit

Double ball rotating cutter type

Vacuum unit

Vacuum seal + Vacuum breaker

Monitoring unit

CCTV

Weight

Approx. 70 kg

Power

AC 220 V, 10, 60 Hz

Applicable pipes

300A, 350A, 400A (22.5° & 45° elbow)

Cleaning range

Approx. 100 m/cycle

Collection @ kmou
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Table 2.8 Specifications for the water-jet system

Items
Injection pressure (Pj,)
Injection flow rate (V)

Power
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Fig. 2.19 Flow diagram of the water-jet system
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Separator

Roots Type Vacuum Pump 75 kW

Travelling Direction

Waterjet Nozzle

Vacuum Breaker

Fig. 2.20 Vacuum suction principle in the pipe

Scale Suction X Pipe Cleaning Robot scales
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Discharge 1
.
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Vacuum Pump
Drain
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Fig. 2.21 Configuration of the vacuum support system
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Table 2.9 Specifications for the vacuum support system

Items Specifications
Vacuum pump Dry root blower
Dust collection unit Bag filter
Suction volume (V) Approx. 50 m®/min
Suction pressure (Py) Max. -61 MPa
Flow rate of cyclone 50 m*/min
Power 75 kW, AC 380 V, 3 @

2.3.3 371 &7

75 ololmHe 5HY W FE YN =& oojAAT el FHT

Yo 2 Table 2103 22 ARFe F7|4=718 ARSstH, =27 U9
oz Rt e2bgs AWstr] fste t=E7] wjd ol s A

Ay,

Table 2.10 Specifications for the air compressor

Items Specifications
Flow rate More than 1.0 m*/min
Pressure 500 ~ 800 kPa
Air hose Approx. 120 m
- 3'] -
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Fig. 3.1 Structural analysis procedure
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Fig. 3.2 Structural analysis for the major components
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Table 3.1 Mechanical properties for SUS 304

Items Mechanical Properties
Material SUS 304
Mass density (p) 8,000 kg/m®
Modulus of elasticity (E) 200 GPa
Tensile yield strength (Yp) 215 MPa
Poisson’s ratio () 0.29

Fig. 3.3 3D modeling of the driving unit

TxsA Ay, FIAF X V. Z ¥ WYY AA HIF2 Table 3.29
2om S7Fs¥2 Ho 11.87 MPacltt.
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Table 3.2 Deformation results of the driving unit

Direction Minimum [mm] Maximum [mm]
X -0.0003 0.0003
Y -0.00027 0.00028
Z -1.76 X107 0.002
Total 0 0.002

Fig. 3.4 3D modeling of the universal joint
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TxY Ay, FUMAE 2JIES X V. Z 7

3.3% Zom S7hH 2

Ao} 27.82 MPao|t}.

A A HEY g2 Table

Table 3.3 Deformation results of the universal joint

Direction Minimum [mm] Maximum [mm]
X -0.0005 0.026
Y -0.003 0.003
Z -0.003 0.003
Total 0 0.026

Fig. 3.5 3D modeling of the small ball joint
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Tz A, A28 B FRJES XV, 7 W Ay HA AFFS Table
349 o S57h8¥e Ao 0.98 MPaolt}.

Table 3.4 Deformation results of the small ball joint

Direction Minimum [mm] Maximum [mm]
X -4.44 %107 9.77x10°
Y -3.35%10° 3.39x107
Z -3.44x 107 3.48x107
Total 0 1.03%x107

E 2 xQE AL SUS304Z Table 3.12] EAXE 2 &3id, Uy &
ZQlEo] g3l d5S azlshe] Fig 3.63 o] 3D 2dy S o] &3 Fx

Fig. 3.6 3D modeling of the large ball joint
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A 2% d¥ B 2UEQ X vV, Z W Wdd A "PFS Table
o 57188Ee Ho 0.23 MPaolth.

Table 3.5 Deformation results of the large ball joint

Direction Minimum [mm] Maximum [mm]
X -1.68x 107 2.95%107
Y -7.36x 10 7.24%x107°
Z -7.18 %107 7.56x107°
Total 0 2.95x107°

7 Fo RE A8 5/ASHI Mol @ T4 dre Table
369 govl, Ad 892 ¥ A4 Ak Z2e) 48 A& Fig 377
2

Table 3.6 Structural analysis results of the major parts

Structural analysis results
Items
Max. deformation [mm] Max. stress [MPal]
Driving part 0.0020 11.87
Universal joint 0.0260 27.82
Small ball joint 0.0010 0.98
Large ball joint 0.0003 0.23
- 42 -
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Fig. 3.7 Equivalent stress of the major parts
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3.31 f&34
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e Fag

ol
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Table 3.7 Flow analysis conditions for the cyclone

Items Flow m& \Nﬂ(ﬂ)ﬂf 8/ Remarks
Computational Transient
condition (unsteady state)
Turbulent model SST model
Inlet flow rate 50 m?*/min
Inlet pressure 100 kPa
Outlet pressure 57 kPa

B0

(a) 45° () 60° (© 75°

Fig. 3.8 Cone angles of the cyclone
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Fig. 3.9 Streamlines at particle tracking
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A4 A 2 ZYEHZ A"

41 T Ao 2 2UHP A==

B oA oA AAG T FARRS ELHOZ Ao T Aol
2 mUEY Azde sl AT@T Fig 418 FAREo AojAxHe]
FAER AP 9 JHAEES TESE AU X Ao 2T 2R B

£ Aol 2 EUHE = SFAIA LR FAEET

Integrated Control &
Monitoring System
based on PC

(leaning Driving i | Driving Control I__ Integrated
Control Control : Module Controller

Video Transmitter & || | Pressura Control
Receiver Module _ Module
S B R
':'. : : Pressure Control i gacuum Support
" ] 1 i 5 i
e : Vacuuim Pressure, for Vacuum Suction H ystem
Cleaning Water-Jet, P —— i
Robot  + Driving Units : | Injection Pressure i WaterJot Unit
1 = Ajr Cylinders i | Control of Water-Jet | { :
. : i d
= . " I i | Pressure Control : i | Air Compressor
: | of Compressed Air [ i | Unit

I ————————— -,..........................,...,..E

\— Cleaning Tools (Water-Jetting & Scrapping) I

L Power Supply
CCTV Cameras Systemn

Fig. 4.1 Diagram of the integrated control system
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Fig. 4.2 Flowchart of the integrated control system
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i R e AAIRE FAE A AR Al

W Ph 23 Aloje] A48T AoVt £7] % Lxol AW BHS 2Eu
lojA B Faziel Ag BN HHHoE AET & Ut Aoz

H=o] Table 413 22 LS 4FH9] PLC(Programmable Logic Controller)
A7l A3

T4 EUHE A2"E 2R FF AH, A4 AHRE HAs
AsAE 25 9 2R A5 HOlHES ASAVE A & & IEF A

(display)star dlo]Elwlo] ~(data base)oll A&& 4 A= GUI(Graphical User

3

f
-

Interface) 71%te] RUEH Zzg=5loz FAg. 25X ZELS Zh9
Fpno] Mstel = @ Wi YRE FPSEA 22 oA g
gobg oY Aset HAaFS B Q& i REEZRE Y AR T
A5t RUEHE Zgadow dE3ch
Table 4.1 Specifications of the PLC controller
Items Specifications
Model K7M-DR60U
PLC commend Ladder diagram
Type of control System control, vehicle operation control, 1/O control
Driving units Air Motor / cylinder
Control items Driving motor control : 1-axis, air cylinder control : 8-axes
Digital 1/0 Input : 60 points, output : 60 points
Analog 1/0O Input : 8 points, output : 16 points
Input power AC220 V. 1 @, 60 Hz
Environment Temperature : 0~45 C, humidity : less than 90% RH
- 49 -
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o ZUHZY A2=HS MEx d FAAELS 2472 Fig 44 2 Fig. 4.59}
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[Ground] i
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Fig. 4.4 Concept of the integrated monitoring system
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Fig. 4.5 Configuration of the integrated monitoring system
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HRoge s W g B317]50P66)°] A+ #2(P box) o 2X| gt

421 4¥SFH FA

2 F3Pgo7 FHpneumatic pressure)S AREEA, EHA FY HiEE
° 2 zFe=(vacuum pressure)e AH&stH, wjHHR HALAHFEORE 199
Z AEHE glstr] f%

A E A E(water-ieh) S AM&3tEE 2R AHA T2 A
(e}

g EEAA PHEe 2 A A 7 RRA AZE g 8 ¢

71 717152
Qg ZFrS(electric noise) ol =57 w&Eol ol F3o F3Fo] H
AF 299 JHEAAE AASH, I FTAAE A3 Tt Hx5H7] ¢

B
oft

o) regNE HA T,

Table 4.2 Pressure measuring positions and ranges

Measuring Measuring Pressure Input Output
position purpose range power signal
Pneumatic
f d
(forwar ) Check the
Pneumatic )
operation 0 ~ 1000 kPa

(backward) it ¢ robot
Pneumatic conditons ot Tobo DC Current
(cylinder) 11~28 V 4~20 mA
Vacuum

-100 ~ 0 kPa
pressure Check the
Water-Jet cleaning conditions

0 ~ 150 kPa
pressure
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Fig. 4.6 Data rate and cable length of RS-485
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20 MHz9| 4elolE| S ASTHA Table 43914 2 4 91%o] o
2% 016 %744 2% F Utk webd RS-485 Bl AE Ager dold
A% &5 B 048-S 1P A2ES T 5 Yok

Table 4.3 Error rate of the communication rate (%)

Baud F =20 MHz F .= 16 MHz F =10 MHz
rate SPBRG SPBRG SPBRG
K Error alle K Error value K Error value
®) | Gad) | @ e Gaud | ) : (baud | (%) )
(decimal) (decimal) (decimal)
0.3 - - - - - - - - -
1.2 - - - - - - - - -
2.4 - - ~ - - - 24| 171| 255
9.6 9.6 0.16 129 9.6 | 0.16 103 9.6 | 0.16 64

19.2 19.2 0.16 64 19.2 | 0.16 ol | 195 | 1.72 31
28.8 29.1 0.94 42 29.4| 2.13 33| 284 | 1.36 21
33.6 33.8 0.55 36 333 0.79 29| 329 210 18

57.6 99.5 3.34 20 58.8 1 2.13 16 | 56.8 | 1.36 10
High 4.9 - 255 3.9 A 255 241 0 255
Low | 1250.0 - 0 1000.0 | - 0]625.0 0 0
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Fig. 4.7 Concept of the pressure measuring equipment

Fig. 4.8 PCB design of the DAQ module

_55_

Collection @ kmou



VCC_24V

VCC_24V
VCC_24V u1
CN1 % 7812 CN2
it v vo B TS 212
2 1
2 o 1
e ) . PWR_OUT
50V_33uF S0V A0UE 1N4007
ri
vee TIP31E TIP31C
U2 R7
330  CN2
Rs485RX 1| o0 oo |18
rs485 2 [ ol 7 Al
3 6 2
DE A 2
Rs485TX_ 4 | o onp L2 CR1 R6
CN2 l\/\l led1
MAX485 w
Red 330
vce
AL u3
A A melr 1 MCLR RB7' 28 pad
H7 adl 2_{ R0 RE6
2d2 31 Ra1 RBS,
ad3 4 RA2 RE4
S 51 Rra3 RE3
5 1 Rag! RB2
add 7] RaS RB1
8 _1vss RBO
2| 98ct VDD
101 ose vss
RCO RC7
Re. RC6
C10 20pF RC2 RC5
RC3y RC4.
vee
PICTEFETIA oo
fex! CN3 CN4
1 1 1 ; mclr
VCC_24v 2 § 3 pad
[E % A pac
CNT s[5
10 |1©
o |2 ad|
s |8
B ad2 VCC_12V
6 IS K1
5 5 ad3 6.,
4[4 4
3 B ad4 VCC_24V I ~8
2 2 €T
- B 3 ad5 I’:gj
Sensor 1 Jo, CN8
2
qj 11 11 11 N
1
AM PWR
R1 ca 2 |c5 |[R3 |ce6 |[R4 |c7 [R5 |c8
250 105 L L
b b

TIP31€

Fig. 4.9 Schematic of the DAQ module
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Table 4.4 Specifications of MCU (PIC16F873) to the DAQ module

Key Features PIC16F873
Operating frequency DC - 20 MHz
Resets (and delays) POR, BOR (PWRT, OST)
Flash program memory (14-bit words) 4K
Data memory (bytes) 192
EEPROM data memory 128
Interrupt 13
I/O ports Ports A, B, C
Timers 3
Capture / compare / PWM modules 2
Serial communications MSSP, USART
Parallel communications -
10-bit Analog-to-Digital module 5 input channels

DAQ ZEollA AL&¥ MCUPICI6F873)slE 10-bit 81452 ADC/F gk,
g 239 FUSE 2ol7] 95kl ADCH(12-bit, 8chs W=2 Agatch
239 B4 4UE AU 95 BLd 4 e F SlolmE uwA
30 Ade FF gule]l FFHE gIte] RO WA Erh T AN}
=7k Aol oiwlste] DAQ ®ES MCUE ICD(n-Circuit Debuggens 53l
DAQ =E¢] PCBoIA HtE Wi Z2ad F4o] /Fsatss A%t

4.2.2 A5 AA

2ol WERe] FaAle AT F, ASAT B AaAEE B2
3171 glste] wim URE BYSm, 1G4S UAY A GUI 7w
wUHy zZeade WASES AWt odd 94 A5 FA= 209
72t EEE=5E i 141—;—% Fste] GUI 7|Hbe] RUEE ZZ 1o F
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Fig. 4.10 Configuration of the image acquisition device
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d

ANA DA 4 A& BF SEFEE 7FAF 3, FIHHA Aste] F wi
oA ARgHER F7]7F Zofol k. wekA HAAE s RES
o2 LED7F WA E o ofF& Wi WiolA I& HAS5e] 7testaL, P66 5
ol4te] Wzl @ wl2=y) JlsaEle] ghesdk mjd@ Ui Ao A ALY 4 Y=

Table 4.59} & AFS zte= A ES AATIH

2t19] 7ivel REZRE Y F4S GUI 7hte] RUHEY 2o =
HUy7] feixds 9748 A5000 m o]’dHe stofoF 3ot 7hvle} REEHEH
85 IS E opd 21 NTSC(National Television System Committee)
Aolm, ol2lgl ol g2 FHANTE AAE AFE] A dAY I8
AE ZFAE ARGt o Fit

Table 4.5 Specifications of the camera module

Items Specifications
Imaging device 1/3” Color SONY Super head CCDII
Effective no. of pixels 410,000 pixels
Resolution 500 TV-line
Video output 1.0 Vp—p (Sync. negative) termination 75 {2 +10%
Angle of view 65°
Min. illumination 0 LUX - 4 m range / white LED on (6 EA)
Shutter speed 1/60 ~ 1/100,000 sec
[P grade P68
Input power DC 12V £10 %
Current Max. 300 mA (at DC 12 V) - LED ON
Type of lens Fixed-focused lens (4~9 mm)
Dimension ® 27 X H 71.2 mm
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oPdRI FIAUITE dAYUR F - A 9% AAZ= 55 (passive
type) I & F(active type) & - A FAA|7F JdoH, Z+zbe] EX 2 Table 4.6
I 2o

FEFY A, 28 IS AW 900 m A AEE £ A= A AX
(transmitter)ﬁl} FA AA(receivenZ T low, FA A9 Fal A3
of ¥x9 RALES Fastoforrt grt

ol¢} 2]l TFFY Ae, A Ak FA Ao FHEo] i, EERY
F AdFw glol: ZAY IS HW 400 m 7HA HAEE F JoEE,
2 AFoAE AE did W o] dEEE A oF 100 m o)dS R
stal, ERo)| FFsle FARAZS Ad Fgel Fe fle 553 I
% - FA AAE AL

Table 4.6 Specifications of the remote video transmitter and receiver

Active Type Passive Type
Items _ : Transmitter /
Transmitter Receiver )
Receiver
) CVBS 1.0 Vp—p, 51 &
Image input
at 75 Q 1~25 Vp—p CVBS 1.0Vp—p,
51 Q CVBS 1.0 Vp—p, at 75 O
Image output
1~25 Vp—p 75 Q
DC 12 V or DC 12 V or
Input power -
AC 24 V AC 24 V
Current
] Less than 25 mA | Less than 25 mA -
consumption
Transmission
) Max. 900 m Max. 900 m Max. 400 m
distance
BNC-M / 4P Harness / 2P Terminal block
Image ports )
4P Terminal Block BNC-M or BNC-M
Dimension 56 X 17X 17 mm 56X 17X 17 mm 56X 17X 17 mm
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Ted I AEHAE T AEE Y42 FTP(Foiled Twisted Pair)
AolES AX AAYUE AFHH, A8 IFE 539 4 4 ZA7
34—5‘3}04 Zy Y el AT dAE I dE AolE=E Table 4.67%
o] duk UTP(Unshielded Twisted Pair) #Ale]&e vls] F29 Fgoly F4
of A&l AEZE dAAoE D & Ue FIP Aole<s &30 FTP A°]
E2 F 87149 Aol 9o, o] T 47tgo] FAANEE AFst=d &Y,
27}52 RS-485 TAlell Akg-tt.

Table 4.7 Comparative study on FTP cable and UTP cable

Items FTP cable UTP cable
Provides double No separate conductive
interference protection layer and only the circuit

Cable structure . , Y
layer as a conductive layer | is twisted.

surrounding a twisted line

Resistant to noise or shock | Data loss by electric
Error rate and is hardly influenced by | device or magnetic device

electromagnetic field

Transmission
) Approx. 150 m Approx. 100 m
distance
Data transmission
Max. 155 Mbps Max. 100 Mbps
speed
- Office, factory, outdoors, - No influence of
where high voltage electromagnetic fields on
Applications current flows. indoor contents

- Where there is a strong
shock
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TFEH I T AA
J#i ¥ (frame grabben® HEETh Z# Y I e ofE 2 F44 AEE GUI
ZIre] RUEEY Z2afo] FEEe Hd PC7F /14E & A& A" Az
2 Wt 9%s g

HAA CCTVe 2& A 7hvlel A2Ee &8s Qo] takd =gy
a7 AREHAT, olEd ZHd e FE oldEID JYRHNIE

o]¢} g E AFolA AL ZHE HHA Al2®l(robot vision system)-§ A3
920 JANEE gAY 252 d\dsie g7 53
+ st=do] glo] USBE &Fste]l #id PCet AAHEER
B dz=Zdel ® AAo] 7hssith

B oo AMeE = g 7]& A Table 4.87 2t}

Table 4.8 Specifications of the frame grabber

Items Specifications
Image input NTSC/PAL (RCA, S-Video)
Image capture Capture 640 x 480 images at 30 frames per second
Image output USB 2.0 high speed interface (480 Mbps)
Image formats RGB16, RGB24, RGB32, Y8(gray), YUV422
Input power Operation via USB port (using USB bus power)
Dimension L55x B54 x H24 mm
Remarks - Video recording and video can be used as video input
source
- Multi-buffering enables continuous image processing
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Fig. 4.11 Power supply system of the signal processing module
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Fig. 4.12 Prototype of the signal processing module
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Fig. 4.13 Prototype of the video frame grabber and receiving device
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Fig. 4.14 GUI-based monitoring program
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Fig. 4.15 Source code of the GUI-based monitoring program
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Remote Controller Integrated Control Conscle

Fig. 4.16 Prototype console of the integrated control and monitoring system
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Fig. 4.17 Prototype of the DAQ module
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Fig. 5.1 Major test equipments of the pipe cleaning robot system
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Fig. 5.2 Dimension of test bench for the pipe cleaning robot

Bending part : Upward 22.5 °

Bending part : Rightward 45 °
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> « Robot input
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Fig. 5.3 Configuration of test bench for the pipe cleaning robot
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Fig. 5.7 Dimension of the observation pipe (300A)
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Fig. 5.9 Configuration of the performance tests
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Fig. 5.10 Driving speed test of the pipe cleaning robot
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Fig. 5.11 Cleaning speed test of the pipe cleaning robot
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Fig. 5.13 Water-jet injection test of the pipe cleaning robot
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Fig. 5.14 SPI Communication waveform of the DAQ module
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Fig. 5.15 SPI Communication expanded waveform of the DAQ module
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Fig. 5.16 SPI Communication requests waveform of the DAQ module
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Fig. 5.17 SPI Communication response waveform of the DAQ module
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Fig. 5.18 RS-485 Communication to transmit pressure data waveform
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Fig. 5.19 RS-485 Communication to transmit pressure data expanded waveform
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Fig. 5.23 Internal state of pipe after cleaning by pipe cleaning robot

536 45 43 & n&

Bl ~Ed Ao A HomRod tid £8 Hdsdde w33 234, Table. 513

Zol A7 z7)ol ANAW Fa FLAFS BEFS FAY 5 YT

Table 5.1 Test results for the pipe cleaning robot system

Items Test results Remarks
Travelling speed Max. 3.75 m/min 2.5 m/min
Cleaning speed 2.5 m/min 2.5 m/min
Watersjet 10 ~ 100 MPa 15 MPa

injection pressure

- Integrated control system
Integrated control & for the robot and the support systems
monitoring system - DAQ module

- GUI based monitoring program
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