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Development of the Robot for In-pipe Cleaning
from 250 to 500A Pipes
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Abstract: In this paper, we introduce the pipe cleaning robot developed to clean the gas impurities of the

steel manufacturing equipments.

The pipe cleaning robot consists of three parts.

The head part is

composed of a cleaning unit, and the middle part is composed of four links and a driving units. The tail

part is fixed to the control unit and connected to the external controller by the tether cable. A caterpillar

type was used to maximize the traction power of the driving parts.

The extension links have been

developed to maintain the traction force in case the pipe inner diameters ranged from 250 to 500 A. The

driving and cleaning performance tests for the pipe cleaning robot were proceeded with the field of steel

manufacturing equipment.
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Table 1 Requirement of pipe cleaning robot

Requirement Target Unit
Target pipe(straight type) 250~500 A
Robot weight 20 under | kg
Traction weight 80 over kg
P 54 -
(C\;ve:s?:gcoﬁms 1040% undery | 20 Over | %
System setup/recovery time 30 over | min
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Driving unit

Front unit

Centrel unit_

Link actuator
FCM roll joint ___
Fisheye lens - Camera —_

Teol arm —

Scraper tool ~

Weight: 16.176 kg
(PCR-3: 15.361 kg + 500 A scraper 815 g)

Fig. 3 Dimension of the pipe cleaning robot
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Fig. 4 Development of the drive caterpillar unit
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Timing belt : MXL —

Rubber caterpillar : EPDM —

Hot melt adhesive -

Deflection : 0.035mm
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Equivalent stress : 87.28
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Fig. 6 Stiffness and strength analysis of drive unit frames
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Table 2 Parameter of link actuating mechanism

Parameter Y;&g‘; Parameter YT?&E(;
BL1 124.00 BH 35.00

BL2 108.00 BS 36.46

BL3 118.00 SS 149.24

BL1' 124.00 CL1 174.80

PL1 60.00 CL2 14.00

PL2 140.00 AL1-MIN 179.00
CPL=PL1+PL2 | 200.00 AL1-MAX 228.49
CO 20.00 AL2-MIN 173.21

CA TCK 55.00 AL2-MAX 223.00
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Table 3 Results of link actuating mechanism

Parameter Value Note
1 GAP250A) | -24.17mm| Intract position(gap dim.)
E GAP(S00A) | -54.18mm| Extract position(gap dim.)
Contact force of fully extracting
EFNR-FI+EFNR-F2 |  396.39N Totion - Side link
Contact force of fully extracting
EFNR-FI+EFNR-F2 | 1156.81N Trotion - Under link(Total)

Main link

>

Sub link 1

544 .43
241

: Link base
CM2C40-50(Special order) CG3BN20C-50(Special order)

Fig. 8 Design of link actuate parts

Fig. 9 Motion of link mechanism
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Fig. 10 Schematic of cleaning tool mechanism.

Table 4 Parameter of cleaning tool mechanism

Parameter ngls Parameter \(ﬁgg)e
DA 115 TH-1 26.32
TSL 125.794 TH-1A 78.08
TLL 155.545 TH-1C 8.23
TBL 80 TH-2 45.7

TSL-C 124.5 TH-3A 38.48
TLL-C 151 TH-3 8.58
TCV 18
TML-250 50
TML-500 270
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Fig. 16 Block diagram of Main controller
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" —— Power cable & Air hose reel
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Fig. 21 Design of control station

[Support station] Schematic of control station unit
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Fig. 22 Systematic diagram of control station
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