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Interpretation of field-measured vibrations in transmission lines based on
gust response analysis
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Abstract

The gust response analysis is conducted for physically interpreting the large wind-induced vibrations

measured in the different types of transmission lines with different numbers of bundled conductors. It is

concluded that the field-measured vibration could be the gust responses, whose characteristics are dominated

by the different structural as well as wind characteristics and well explained by the gust response theory.

Key Words: transmission lines, field measurement, eigenvalue analysis, gust response analysis

oooooon
gbobobobobobobobobbob
ggboboboobobooobboooaobboo
gbooobobooboobooobooooboo
gbooobobooboobooboboonoobo
oooooooooooooooooooobo
gogoobobobbbodogoooooooon
gbooobobooboobooobbooonoog
gboooboboobooboobbooonoobo
oooooooooooooobooooooo
gboobbobuoobooboobooaoboo
gbooobobooboobooobbooooog
gboooboboobooboobboobooo
ooooooooooooooooooooobo

* 03388570 000D OOODOOOO 255
0 O O FAX: 048-858-3552
Email: hiroki@mail.saitama-u.ac.jp

gbobobobobooboooooooooo
gobodgboobboobooaobboooboo
goboobooobobooobooobooboooboo
gobboooobooooobbooobbooon
djodoooooooooooooooooo
gobodgbobooobooobbooboab

gobooboooboobboooboon
gbobobobobobobobob 200
2000 2210700000000000000
gbobodbooADOOn No36O3900 300
20000000000 249m + 439m + 421m0 B
U000 No3O50000 2000 624m + 407m0]
4 000000000 Noed4 DOODOOODDOO
gobooboooboboooboocobogsuouonon
goDbO0o0 NeSg8OsSOOOOODOoOooDoooO
gboobobobelsmdnogn

0 1240



gobodgboo3gbugaboooooabd
gbooabbdggoon2secbdnooononog
gboooboboobooboobobooooboo
gboogs3bgoboobooobobboonbo
oooooooooooooobooooooo
gboobboobuoooobbooboooboa
gbooobobooooboooboobooonboo
30000boooooboobooboooboonooDo
ooooogog

OO00O00O0oo0Oooo1000

000ooooooooooooooooo
goooobooooboooooooboboobo
O000000o0oooooooooboooooo
000000000000 O0oOoOooOooooo
00OoonobOoOn RMSO Root Mean Squared U
goooooooooboooboboobo

(M OooooOOooDooobooooooooo

0oOo0bOobOOobOobOOobOOobOoboOoooon
000000000000 000000o0ooOn
gooobobobobobuobobuooooo
0000000000000 bO0Ob00OO0Fg 10
Oo00000O00O0O0OOoO0oOoOObODODOoOoDOoOo
0000000000000 0000bO0o0OOoon
goobobo0oo0o0oboouoobobooooobooo
O00000000bOobOobOobOobOoD AC
gooo3oddbocuoonorsonooond
O0o0oooooog sooooooobADOd
goolspogocooonoolo4oonm

0.8 0.8

00MOODO0O0O0OOO000000000000
A0DDCOO0DOODOOOOOOOO0O0000O0
00000000000000 9 msecO0000O
O00O00 0700000045 00000 DOODO
(2) 0000 RMSOOOOO0O
000000000000000000000
00000000 000000ORMSOOOOOCO
000000000000 000000000
O000O0Fg 2 0000000000000
RMSOOO0000000C0OCOOO0O0000000
O0MO00000000MO0O0O0Dooooo
O0MO0 120014000000RMSO00
0000000000000000000000
000000000000 0000000000
00000000 0000000ADO 439m 0
0 1/400000000000000000
00000000000000 RMSOOOO
000000000000COO0ADOOBOOCO
0000000000000000000000
0000000000 000000000000
BOOOOOT4TS0407m0 00 1200000
0000000000000 00000000
0000000000000 0000 T3-T4
0624m000 140000 T4-TS 407mO0 O 1/2
0000000000000000000000
00000000000000000000

oboobobobobobo20bO
gbobobobobooboboboboob

0.8

¢  Longitudinal
O  Vertical 000

g

g
)
o
)

o
~
o
i

Turbulence Intensity

o
N

Turbulence Intensity

I
N

¢  Longitudinal ¢  Longitudinal
O  Vertical O Vertical

o
)

o
i

Turbulence Intensity
<

o
€
i!é’
o

B o

0

0 5 10 15 20 25 0 5 10
Normal component of wind (m/s)

(@ AO

Fig. 1

Normal component of wind (m/s)

(b) BO

15 20 25 0 5 10 15 20 25
Normal component of wind (m/s)

() CO

gboooboooboooboobobooboooboo

0 1250



Line A Out-Of-plane Line A In-plane Line A Torsional
2 12 T T T T 15
O  439m span L/2 O  439m span L/2 ¢  439m span L/2
[0 439m span L/4 1 [0 439m span L/4 [] [0 439m span L/4
1.5 A 421m span L/4 |] 08 A 421m span L4 o A 421m span U4
z *  421m span L/2 £ *  421m span L/2 § *  421m span L/2
~ ~ o
o 1 06 R=2
g 2 2
0.4 & 5
0.5
2 02 A
o gt 4
0 - - . - 0 - . . - 0 - . . -
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Normal component of wind (m/s) Normal component of wind (m/s) Normal component of wind (m/s)
(@ AOCOOODOODOODODOMMODODOODOOO0OmMUOobOobobobooooo
Line B Out-Of-plane Line B In-plane Line B Torsional
2 1.2 T T T T 15
¢  624m span L/2 ¢  624m span L/2 { 624m span L/2
15 [0 624m span L/4 1 [0 624m span L/4 |] [0 624m span L/4
: A 407m span L/4 || 08 A 407m span L/4 | | 10 A 407m span L/4 | |
— *  407m span L/2 £ : *  407m span L/2 ’&JG *  407m span L/2
% 1 O  7m jumper L/7 |] 5)’ 0.6 O  7m jumper /7 || R O  7m jumper L/7
= = (%] x ;;’* ¥
o [v4 5 ¥ & “
5 RS x
0.5
0 o'« P 0 L L L L
0 0 5 10 15 20 25 0 5 10 15 20 25
Normal component of wind (m/s) Normal component of wind (m/s) Normal component of wind (m/s)
(b BOODOOOOOOoOOOomMobOboobooombooboboobooo
Line C Out-Of-plane Line C In-plane Line C Torsional
2 12 T T T T 15
¢ 615m span L/2 ¢ 615m span L/2 ¢ 615m span L/2
15 [0 615m span L/4 1 [0 615m span L/4 || [0 615m span L/4
08 .10
£ E g
o 1 06 z
= 2 @
4 4 E
o 0.4 5
0.5
02 o
0% < o
0 ‘0 . . - 0 & . - 0 8 . -
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Normal component of wind (m/s) Normal component of wind (m/s) Normal component of wind (m/s)

(¢ COODDOODOOODMUODOOUODOODMOOOODDOODOODO

Fig.2 O00OO0O0DOOO0OD0OOOO0ODOOO0OORMSOOOOOOODOO

gbobooooboooboboooboobooonoog
gbooobobooboobobooboonoobo
gboooooobboooboobboooboo
Uboobo0oboobooboobog RMS
gbooao nooobboooboooboan
gboooboboboooooboobbooboonbo
gooooboo RMSOODOOOOOODOO
gboooooobooboooooooboooobo
gbooobooobboooilo7rbooaboboobod
goborMSOOOOOODDODOOOOODDOO

0000000000000000000000
0D00000000000000000000
0D000000000000000000

(1) 000000000

Fig. 3000000000000000000
000000000000000000000
0O0e) 00O000O0O00O0O00O000 RMSOO
00000b) O RMSOOOOOOOOOOCOO
000000000000000000000()
0ORMS 00000000 OOOCOOOOOOO

0 1260



000000000000000000

00 ADOBOODOOODOFig 3 (@ 0000
0000000000 RMSOOOOOOOOO
0 15ms 0000000000O000O0000
00000000000 15Sms 000000
00000000000 O0RMSOOOOOOO
000000000000 0000000000
000000000000000000000 15
m/s 0000000000000000 Fig. 3 (b)
00000AOB OOOO0OO0ODOOOOOOOO
00000000000 00000000000
O00mMO 15ms 0000000000000
OO0DOFig.3(c)000AO0BOOOOOOOOODO
00000000000 O0RMSOOOOOOO
0000000000000000000000

gbobodgbooboobooaoboobaabo
gbobodgboobbooboaobbooobo
goboboooboooooobobooooboon
goboobooooobooboooooboooo
gbocoobobooboboboboboob
gbobbooobbooooobboouoobbooo
goooooboobooobooobboobaooo
goboooobooboobbooboobo
gbobobobobobobobobobo
ugbboobobbogbooobboooob
gobooboooboobooobooboboooboooo
goboobooobooooboobobooobbon

gbobobooboboobobobobobobob

() 0000000000
Fig. 4000000000000000000

(& RMSOOOODOODAOOBOOCO

Line A 439m span L/4  Data No. 13

107 107

Line B 407m span L/2

Data No. 17 Line C 615m span L/4  Data No. 9

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

0.1 0.2 0.3 0.4 0.5 0.1 0.2
Frequency (Hz)

Frequency (Hz)

0.3 0.4 0.5 0.1 0.2 03 0.4 0.5
Frequency (Hz)

(b RMSOODOOOO0O0OO0ODOOO0O0ODODOOO0O0DOOOOOOOOOAOOBOOCO

Line A 439m span L/4  Data No. 11

107

Line B 407m span L/2

Data No. 50 Line C 615m span L/4  Data No. 10

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

PSD (m2/Hz)

0.1 02 03 04 05 0.1 02
Frequency (Hz)

Frequency (Hz)

03 04 05 01 02 03 04 05
Frequency (Hz)

(0 RMSOOOOOOOOODOOOOODOOOOODOOOOOOOAOOBOOCO

Fig.3 ODOO0DOOO0OO0OOOO0ODOOO0ODOOO0ObOO0oOo0oobOooDo

01270



00000000000000000OFig 30
0000@ 00000000000000 RMS
0000000 O RMSOOOOOOOOOO
000000000000000000000
OO0 ORMSOOOOOOOOOOOOOOO
00000000000 0000000000
00000000000000AOO0D0OCO
RMSOOOOOOO0ODO00OOFig 4000
00MMO0000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000.15Hz 000
000000000000000000000
0000000 RMSOOOOOOOOOO0O0O

ggboodgbbgdobols Hz ooouaaoo
gbobogboobboobooogbooboo
gobooboooboobooobooboboboaooo
gobooooboooboobooobooobo
gbobobobobobobobobobo
gboboBUodbOoobobOoorMSOOOooaon
gobooooooobooobboobooooboo
goboooboogoboobooobobooboobon
gbobobobobooboboooooooo
gbobogbooboboobbodgboobo
gooboooooboooboobboobooooboo
gobooooooobooobooooBOoOoOnDO
gbooboooobooobobooobboooboon

(a RMSOOODODAOOBOOCO

Line A 439m span L/4  Data No. 7

Line B 407m span L/2

Data No. 95 Line C 615m span L/4  Data No. 11

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

iy

0.1 02 03 04 05 o1 02
Frequency (Hz)

Line A 439m span L/4  Data No. 2

Frequency (Hz)

) RMSOOODOOO0OO0ODODOOO0O0DOOOOOOOOOOD

Line B 407m span L/2

03 04 05 0.1 02 03 04 05
Frequency (Hz)

ooocAOOBOOCO

Data No. 132 Line C 615m span L/4  Data No. 32

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

Field Measured
Gust Response Analysis

107 ) ‘MM
04 0.5

0.1 0.2 0.3 04 0.5 0.1 0.2
Frequency (Hz)
(c)

Frequency (Hz)

0.3 0.4 0.5 0.1 0.2 03
Frequency (Hz)

RMSOOOODOOOOOOOODOOO0ODOOOOOOOOODACOBOOCDO

Fig.4 OD0O0OO0OO0O0OOO0OO0O0OO0OOO0O0OO0O0O00O000000000

0 1280



Out-of-plane 4

In—-plane

Torsional

7m jumper L/7
407m span L/2

PSD (m?/Hz)
=

PSD (m?/Hz)
=)

0 o1 02 03 04 05 0 o1
Frequency (Hz)

10

Frequency (Hz)

7m jumper L/7
407m span L/2

7m jumper L/7

407m span L/2

0.3 0.4 ) 770.5 0 0.1 02 03 04 05
Frequency (Hz)

Fig.5 BOUOOOOUOOOOODODOOOOOOOOOOOOoOoOOoOobOooboobooobooonoaon

(@O00000000Db0DbOOO0ObOOn

e

by OOOO0DOOOO cOOoboooogn

Fig.6 BOUOUOODOOODDODOOOOOODDOOOOOOODDOODOOO 0.373Hz0

chopobuooboobDbOooooDbOd RMS

goooooooooooobooboobooobo
goooooooogoooobo 200000000
gboboobboobuoobobooobadoboo

googoobooboooboooboobon

Fig. 500BUO0O0O0OO0OO0OO0OO0OO0OO
ggboboboobobooobbooooaobboo
gboooboboboooboobbooboooog
gooboboooboooobobooooobboo
U3sHz 000000000 o0ooooooo
gbooobboobuoboobbooanoobg
goooboooboooobooooobbooo
gboobobobooobobboobodg BO
gbooooooboooboboobbooobon
FigoeUODOOOOOOBOOODOOOODO 0373
HzO0OOOoOooOooooOoooomooooo
gboobobooboobobooboonobo
goooooooooooBOOoOooooOOoOO
gbooobboobuoboouooboonbobdg
gboobbooobooboobboobooonbooo
googoog

googond
gbobooboboobobobobobob
goooooooooooooooooooo
gboobooobuooboobbooboobo
goboobooobi1obobooboooobooan
gobboooboboooobbooobbooon
gbobobobobobobooboooooo
gobboooboobooooobboooobbooo
goboooooboboooboooboooAOonDO
goboobooobooboobbooboobon
goooooooooooooooooboooo
gboboboooboobooobbooboooo
b0 BOOOOOOoOobOoOobobOOoOobooooboon
goboobooboboobbooboobo
gbobobobooboooooooooooo
gbobogboooboboobbooboobo
gobooooobobooooboboobooooboo
gobooboogobooboobbooboobon
gboboboboboboboboboob

ogoog

[1] Jawad Hussan Gull: Interpretation of large field-observed
vibrations in transmission line systems based on numerical and
measured data analyses, 0O 0O 0O OO O, 2010.

0 1290





