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The Automatic Monitoring of Transmission

Tower as a Maintenance Inspection and
Contingency Mechanism

Yu-Neng Hsiao
Department of Power Supply, Civil Engineering
Section, Taiwan Power Company
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Outline

1 ~ Preface

2 ~ Research Methods

3 ~ Automatic Transmission Tower Monitoring
and Warning System in Real Time

4 ~ Maintenance Planning and Handling Strategy

5 ~ Conclusion
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1 ~ Preface

Extreme Climate
1974 Selomar 1999/7/29 1999/9/21
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1 ~ Preface

Climate Change Effect
2000/8/21-23 Billys Typhoon  2001/7/28-31Taozhi Typhoon 2009/8/5-10 Morrac Typhoon
3000mm

1200mm ip):;t_s 1200mm

1-10
y
<1

Accumulated réir{féll

(w) 23T HwI Department of Power Supply 5

(.
1 ~ Preface
This project's real-time warning system allowed for

the replacement of the patrol method and savings in
human resources costs °

Class Patrol inspection Automatic monitoring

Yellow 1 time / per 2 month

(@ SFT Hwd Department of Power Supply 6
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2 ~ Research MethOdS 345kV Shen-Mei to Dong-Shan # 80

Building the Transmission Tower and
Overhead Line Interaction Model

& 2 3T Hhwd Department of Power Supply

345kYV transmission tower C4 type (12+12/3 4 10 8) model analysis
GW._ T~ s~ P i Sy e LV

C1

| g
c3 55! -—
52.8M Tower Body 12M

Body Extensions 12M

— Leg\ Extensions 3,4,10,8M i

& 2 T hmwd Department of Power Supply




2 ~ Research Methods
345kV Shen-Mei to Dong-Shan # 80 transmission

line model 'y b
% \

transmission line b

1

l¢
e
S, S,
*‘fé? R i Department of Power Supply 9

2 ~ Research Methods

15kV Shen-Mei to Dong- HQ %
Shan transmission line #719 #80 2

c4 C4 E5
12+12 12+12 12612
3,10,10,4 3,4,10,8 99,99
282.02m 228.78 m 237.64m
1.9°34'0" L6°30'8" R12°4210"
316.34m 509.30 m
-53.24m 8.85 m

{;«;} & ‘i F Hewrd Department of Power Supply 10
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2 ~ Research Methods

Design parameters of transmission conductor

Ttem Overhead Overhead
- ground wire transmission line

160mm*OPGW 795SMCM(26/7)ACSR

16.3 mm 28.143 mm
0.7619 kg/m 1.628 kg/m
166.7 mm? 468.25 mm?
11100 kg/mm? 8903 kg/mm?
1.05 1
9890 kef 14152 kef

13

@i;‘ L3 Hpwd Department of Power Supply
————————————————————————————

Six degrees of freedom for transmission tower

t
. rigid body 8
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2 ~ Research Methods

#79-#80-#82 transmission line deflection diagram

i & . o
transmission line Vi

final step

(Self weight + wind force)

transmission line
Initial step

(f‘f“ 3R hmwd Department of Power Supply 13

2 ~ Research Methods

Warning and action values in real time warning system

Instrument ‘Warning value Action value
1.186° 1.56°
0.836° 13

Velocity:2mm/month Velocity: 10mm/month
total displacement: 50mm total displacement: 75mm

Change of groundwater ~ Change of groundwater

level: 3m level: Sm
603 1kef 8063kef
4393kef 6258ket
35190kgf 46921kgf
250gal 400gal

'"git‘_)? 3% hwd Department of Power Supply 14




3 > Automatic Transmission Tower Monitoring and Warning System in Real Time
Monitoring Instrument Quantity Remark
A i 32 Primary
4 Primary
10 Primary
1 Primary
3 Primary
1 Secondary
1 Secondary
1 Secondary
1 Data access
1 Data access
1 Communication
10 Power
1 Power
ORR A o R Department of Power Supply 15
e - — 1

Location of Instruments on the Lower Section of the Tower

Tilt meter 1
= T

Tilt meter 3
Case

Rain gauge " iy g > (Communication)
. 4 (power)

Tilt meter 4

Inclinometer & Water gag

Accelerometer

;(q,-) < \fl"j P Hewrd Department of Power Supply 16
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Location of Instruments on the Upper Section of the Tower

*~_ Anemometer

Strain gauge
NO.01 ~ 08

& 2 R Hhwd Department of Power Supply 17

Location of Instruments on the Upper Section of the Tower

i'<| { b 4| X
AN ‘E‘i"‘\""\"
p WX

Max g e"é Strain " ' .\
i NDA N0.09~ 16 NDA

gauge
NO.17~ 32

.%Mﬂ .%MN
VNG N4 Y

(v,-) 3F hmA Department of Power Supply 18
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Construction Photos 1
‘ T =

Inclinometers pipe installation | ‘Water gage

@it hed Department of Power Supply 19

L2

Instrument case Instrument case

}::’T"S” S f hwd Department of Power Supply 20
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Strain gages installation 1 [ Strain gages installation 2

F\_ £

Strain gages installation 3 " Strain gages installation 4
f‘.(:}; %% hpwd) Department of Power Supply 21

Accelerometers 1 ] Accelerometers 2

F@f SF% hwd Department of Power Supply 22
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Construction Photos 5

Tilt meter 4 —

Department of Power Supply 23

4 ~ Maintenance Planning and Handling Strategy

Transmission Tower Color Management System

Automatic Monitoring Safety Assessment

Environmental Factor Safety Assessment

@eddhmd Department of Power Supply 24
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4 ~ Maintenance Planning and Handling Strategy

Environmental Factor Safety Assessment

Class Ewvaluation Scores

A |Excellent (AZ80)

B (Good (80>B=70) Importance

Ordinary
(70> C260)

D [Bad (D<60)

Vege’tation

Hydrology Slope/"\—r_ I , /f///

Cllff Helgh’t e

Geology

iw-?— 2 ‘-’? T b d) Department of Power Supply 25

_
4 ~ Maintenance Planning and Handling Strategy

Automatic monitoring safety assessment
HEER: ¢ ER JA 5D

Strain gauges, Inclinometer, Tilt meter, Water Warning Light in Real
gauge, Accelerometer Time Warning System

Five kinds of data not reached the warning O 0

A value O <> O
One kinds of data reached the warning value <>

B . X X X¢

but not over action value

C Two kinds of data. reached the warning valuei <> 0 O <>

but not over action value

D |One kinds of data reached the action value O O <> <> ‘

Class

\-&-, %P Hw3 Department of Power Supply 26
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Case : 345kV Shen-Mei to Dong-Shan # 80 transmission
tower

Strain gauge NO.01 ~ NO.08
When stress is less than 6031kgf (warning value), a green light is
displayed

RPN NG MR WA 22005400

BRARREEREENNEREAR JLERE: | Emcumoms | musm

ERANEN > RNABTNHS

FEREESD
RENM : 2016-3-24 10:34:0
EMREEN USER: ¢ IR WAEHD
#ad’TE PO ENE©BSY)
» LR
R EBER s T (2] AWER e w [
EBesmnl
- 201603-13 2016-03-23
Ll g vo-1 64 580 kgt L ol VG2 B:445 kgt -4 02:27:12.0
BHATES A i
2016-03-23 2016-03-23
Voo L0554 kgt % st VG4 B2628 kgt * 02:27:12.0
2016-03-21 20160323
vosE BD86.2 kgt e el Vo8l 22163 kol * Q2770
: - 20160323 - 2016-03-23
Vo1 Bbi6z6 v @ e Vo8 B5:803 kgt * 0227170

& 2 Z® Hhwd Department of Power Supply 27

Strain gauge NO.09 ~ NO.16
When the stress is less than 4393kgf (warning value), a green light is displayed
BUR: NP BR S SR n00se.a

WRHEE B2 N AR F | Emtunons | pese

REREE N 2016-03-23 B A 2016-03-13
—— ve-0id B238.1 ! ¢ a0 VG0 RABTAs g * 0227:12.0
. i d 20160323 W16-03-13
EREDIR Va1 BL1:-68.8 kgt ® 02:27:17.0 Vo120 B:654 kgt ® 0227120
o 20160323 2016.03:2)
R RRETNIS vo-1aE B5:408 kgt [ e VG142 W62 3k o BT D
Etenl
20160323 2016.03-2)
SRNT = P 2019k = BY2171 kg
vG-15 22019 kgt ¢ 02:17:17.0 Va-18 el ks * 070
EHIRTEEN

Strain gauge NO.17 ~ NO.32
When the stress is less than 35190kgf (warning value), a green light is displayed

BEREREER S ANRFREAR _l R ey

SR z 10160323 " 20160120
AR W VG172 ALY -660 1 kgt ¢ Qiatate VG-18 | ERIIEL ¢ Qe
= " 0160523 20160023
EHEANEN vi-19 BL5-400 5 kgt L3 LT VG20 B2 12048 kgt @ prraagripd
RESTE 2016-03-2) 0160123

1621 B 5621 2 53079 4t
PaREEHIG Va2 BAsz . 02RO Ve LA BN * 00
L 0160323 20160323
e VG2 & AL2:1008 kgt ® aEIte VG242 | E:R X1 ® o

A

20160021 20160323
ve-25 L EEH * @arite VG262 | E-EULL L4 proniring
20160023 . 20160123
Vo7 ] wot L] QRITD VG4 H52208 kot ¢ o120
20160323 20160323
VG LD 15048 bt * Qe VG302 AD:-6451 g * iy
0160022 2016.03-23
VG A3 9 kgl * FIIT0 Vo2 Ansdg LJ QAT

(q,-) 23% pwd Department of Power Supply 28
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I ——_———
Evaluating color class of #80 tower

Envu'onmental Factor Item

606 C Yellow

c | Yellow | Orange

B | Yellow | Yellow | Orange | Orange

A - \A Yellow | Orange
A B Cc

B >
Environmental Factor Safety'sessment
SRR W I Department of Power Supply 31

Automatic Monitoring Safety Assessment

4 ~ Maintenance Planning and Handling Strategy
Red class handling strategy

. New Tower Gl‘een
*| Foundation
Class

1. Relnforcemant
2.Slope Protecti

3.Drainage Facility
Yellow
Class
(v;: L3 ® Hhwd Department of Power Supply 3%
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4 ~ Maintenance Planning and Handling Strategy
Orange class handling strategy
_’, Reinforce
Foundation
@ - -—
Protection
Grange | Yellow
Drainage |
Facility
KA
i&ﬁ 3% pwd Department of Power Supply 33
—

4 ~ Maintenance Planning and Handling Strategy
Yellow class handling strategy

OO 1.Mini-Pile
—
— T

2.Container s
Bag
3.Vegetation

Yellow O _| 1.cloth cover

Class 2.Catch Drain [
. Green
'i&iﬁ % ‘.i? 'i' IJ fin ‘5_] Department Of Power Supply 34
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New transmission tower foundation is constructed and
the tower is moved from the orlglnal area

Foundation pile and linking cross beams

,&’-Q ik R Department of Power Supply 35

New transmission tower foundation is constructed on the
original site

New foundation
cover Old tower
—— W

w Foundation pile and linking cross beams

23T hwd Department of Power Supply 26
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Shallow foundations reinforcement

o

| Pilings and linking beams

IR LIRS E
Pilings and linking beams
K Prere i e - :

i

|

(g}; SF®hwd Department of Power Supply

Gunite protection of the slope

- :l
Composition cloth cover

gé}; 2 V'.:;.' i R Department of Power Supply
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Gabion

Retaining wall

Department of Power Supply

4 = = B s
TR o T

Vegetation container bags
e d T hed Department of Power Supply 40

51



Taipower currently uses a Transmission Line Maintenance
Management System. By conducting overlay mapping, the risk of
various geological disasters can be assessed for individual towers.
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Using this combined system, monitoring of these resources
becomes far easier and will allow for a significant reduction in the
incidence of disasters.
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| |
5 ~ Conclusion

(1)This project integrated an automatic monitoring and
maintenance management system with Taipower's transmission
network in order to facilitate im proved risk management and
make the management of the entire transmission network more
complete.

(2)This project's real-time warning system allowed for the
replacement of the patrol method. The institution of the real-
time system provided uninterrupted monitoring as well as more
immediate and flexible information. This in turn allowed for
significant improvements in efficiency and savings in human
resources costs, while preserving the company's ability to
evaluate maintenance handling strategies and enact emergency
response measures.

& SR Phwd Department of Power Supply 43

5 |
5 ~ Conclusion

(3)The monitoring sensors used in this research are
digital instruments, and it have a number of
advantages in terms of increased resolution,
working stability, low electromagnetic interference,
and low power consumption when compared with
traditional analog instruments. Since some
transmission towers are not conveniently located
the use of these digital instruments allows for much
needed stable, long-term monitoring of tower safety.

R R Department of Power Supply 44
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