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Fig. 1.1 Annual generated electric power amount in Japan

(Source Data: Japan’ s Energy White Paper 2019'%)
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Fig. 1.2 Removal rate of utility pole
(Source Data: White paper on land, infrastructure,

transport and tourism in Japan 2019"%)
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Investigation of exceedance probability of Wind force coefficient and pressure

wind speed at a site coefficient.

Wind resistance design

Number of cyelic wind load during a life time
by allowable stress —>
of a structure.

method

Fatigue characteristics expressed by SN curve

Fatigue resistance N Cunulative damage induced by

desing cyelic wind loads

|

Increase desing load

Safe for Fatigue

Fig. 1.3 Procedure for a check on wind induced fatigue

(Source Data: Wind induced fatigue resistance design for structures and claddings'™)
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Incorporates the evaluation of large structures

|Advanced research of wind-induced fatigue evaluation|

Object of
research

Subject
categories

Evaluation
method

Characteristics

Buildings, Structureq

Frequency domain approach

r--Evaluation method —_
ISpectral characteristicy
:of fatigue load

| Estimate distribution
lof load amplitude
IRayleigh distribution
ifor narrow band fatigue
oad etc.)

|

i Fatigue evaluation
(Miner's rule etc.)

Time domain

i test, or f

Calculate d
?f load amp

iner's ru

r--Evaluation method---
I Time history data !
i (Acquire data from |
I simulation, wind tunne|

v
istribution
Rainflow mithod etc.)

Fatigue evaluation
(

approach

ield test) !

|

|
litude 1
I
I
|
J

le ete.)

Require to consider

deve lopment of formula and
accuracy improvement that
take various influences
into consideration

Require time

includes all

High accuracy because it

and effort

inf luences.

| Previous research of overhead line equipment |

| Overhead |ine equipment|

Overhead distribution
equipment

dynamic characteristics

Object of |
research Overhead transmission
equipment
]
Subiect J : Evaluation of
tJ | Fatigue evaluation |
categories other than fatigue
* Fatigue evaluaion for ] :
Sub ject overhead transmission g?;;gﬁ;ggigg line
details tower under buffeting

+ Tension fluctuation of

*Ultimate load acting on

transmission tower

overhead transmission |ine

(Calculation parameters

]
Evaluation of

| Fatigue eva

[uation | dynamic characteristics

other than fatigue

* Dynamic behavior of
distribution lines

*Ultimate load acting on
distribution pole

It has not been evaluated has been confirmed I many Insufficient accuracy
Current  funtil application to exper inents for transnission [ No fatigue evaluation| |verification due to few
status | gistribution |ine [ines, and apl ication to actual measurements
distribution line
has not been considered
Fig. 1.4 Correlation chart of previous research of wind—induced fatigue evaluation
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Field test at two sites with different line conditions

(Conducted in area where fatigue damage of
overhead distribution equipment has been found.)

+ Measurement of wind speed and wind direction

+ Measurement of unbalanced wire tension
Clarification of (Difference between left and right wire tension)
fatigue load of

overhead distribution equipment |

Evaluation of correlation between
wind speed and unbalanced wire tension
» Evaluation of whether unbalanced wire tension
is a repeatedly fluctuating load

Normalization of measured unbalanced wire tension

* Normalization based on the line conditions
of each field test site

Calculation of amplitude of unbalanced wire tension

. dentification of with rainflow method
fatigue load amplitude frequency distribution |
of overhead distribution equipment Evaluation of correlation between

wind speed and unbalanced wire tension amplitude

Identification of frequency distribution of
unbalanced wire tension amplitude
+ Coefficient of unbalanced wire tension amplitude
by wind speed and modeling of it's frequency distribution
« Normalization of frequency of
unbalanced wire tension amplitude

Proposal of estimation of frequency distribution of
unbalanced wire tension amplitude at arbitary location
Wide area evaluation » Derivation of probability density function of

. , . balanced wire tensi litud
required for fatigue design Lnha "ancec wire tension amp-1tuce

of overhead distribution equipment l
e Application example of estimation method of
frequency distribution of unbalanced wire tension amplitude

* Greation of fatigue life map
+ Creation of damage equivalent load map

Fig. 1.5 Flow of study
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Fig. 2.1 Definition of unbalanced wire tension acting on overhead distribution equipment
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Fig. 2.2 VFatigue evaluation by time domain approach
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Wire tension (T) Wire tension (T)
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Fig. 2.4 View showing a frame format of strung wire between poles
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Photo 3.2 Site condition at NASU2
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Measurement box H
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Fig. 3.2 Geometry of NASUI1
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Anemometer and wind vane
b —
Measurement apparatus of
unbalanced wire tension
i
EleCtriC Wire Electric Wire
= 5
LO —
~
Measurement box [}
N
30m 31m
G. L.
Fig. 3.3 Geometry of NASUZ2
Table 3.1 Field test conditions
Site Span Sag ratio Diameter of electric wire
left 4b5m
NASU1
right 44m D 20. 6mm
2%
left 30m (Type: SN-ACSR OE 120mm”)
NASU2
right 31m

Fig. 3.2~3 3% XU Table 3.1 £V, AR 1 LHRZHE 2 T, Z8m S IXIZERERTH D, FTz,
WA N EBIIFELARBEME D, —F, A1 A 2 ORI 1.5 E0EVWR B DH, K
WMETIE, BHE—EHF MNP LMENKRS =Y 7L LT, BALRERRT 2 728 E L,
72, BN ARKIOPRHOEEL /NS T 57201, RBROEHICEEY N2V A %
BE LT, 51T, EBEICELERMAM OR57 035E LT-RIE T, BEREMARTH A=A L
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Mt RO ORHERE 3 B, T HI2K) Im OFEfRZ R BIEE Y A —7 A0 LR STV D,
BE LY A T, FHEHHETH Y, ETHR~OREQRMAEDOPEA L, £, il
PEEEE, MOER L R RBEREZ L > TnD 2 &b, EMEOHEABEEHOREIT NS NWES
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3.4 HIEFIE
3.4.1 Az, EmDOHEIE

Table 3.2 [ZJEGE, B AEFOHEEZ R4, F£7-, Photo 3.3, Fig. 3.4 |ZJEGE, EAIFFOZEIL
R 2N I

Table 3.2 Specification of the anemometer and wind vane

Cup anemometer Wind vane

Measuring range 2 to 60 m/s 0 to 350 degrees
Starting threshold Under 2 m/s Under 2 m/s
Output accuracy +0.5 m/s for <10 m/s +5 degree

+5% for >10 m/s

Distance constant 12 m -
Model Number NS30AHS ND3O0NHS
(Made by Nippon Electric (Made by Nippon Electric
Instrument, Inc.) Instrument, Inc.)

(Source: Nippon Electric Instrument, Inc.)
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Photo 3.3 Anemometer and wind vane
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Fig. 3.4 Configuration of the anemometer and wind vane
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FoT, BUE, BUAEHE, A5 1. 3m OBERRAZ T, FEAISH LT, FEAEGE, EAE ORI
BNCALET B L 5 IRk L7z,

JEGEF X OR[N DW T 7 o ZEER 1Hz 12 K> TRIEZIT> T 5,

3. 4.2 ARSI ORI E

R IE S ORIEIZ AN oY OFEM A DL RIS RT,
a. 2— Rz L AHIE

RHE I ORIEIZH W =2 — REAOHAE%E Table 3.3 1287, £ 72, B EIKDLE Photo 3. 4,

Fig. 3.51Z77,

Table 3.3 Specifications of load cells

Left side load cell Right side load cell
Capacity 20,000 N 20,000 N
Rated output 2,324 u 2,348 u
Hysteresis (rated output) 0.09% RO 0. 04% RO
Calibration constant (force) 8.52 N/ u 8.61 N/ u
Calibration constant (temperature) -0.8987 u/C +0.0851 u/C

Model No. UFCA-1-350-11

Strain gauge
(Made by Tokyo Sokki Kenkyujo Co.,Ltd.)
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Photo 3.4 load cells
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Fig. 3.5 Positions of load cells
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: : wC\\; Tleft; right - [_JH%A:*IJ H— PVE/I/L ct D (E'J/Ji Lﬁ—EEA@ #‘iaﬁjj <N) TU T:F‘Tﬁ]‘a%jj( )
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AHFFETIE, v— Reri@plot sy LT, BRI CRETIC/ERT M E42 B
METE LY EBR L, Table 3.4 IIWEE YO Z R, £/, RERDI A Photo
3.5, Fig. 3.6 27,

Table 3.4 Specifications of load sensor

Unbalanced wire tension

Capacity 1,500 N
Rated output 1,097 pu
Hysteresis (rated output) 0.61% RO
Calibration constant (force) 1. 3681 N/ u
Calibration constant (temperature) +0.5686 u /C

Model No. UFLA-5-11

Strain gauge
(Made by Tokyo Sokki Kenkyujo Co.,Ltd.)
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Photo 3.5 Load sensor
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Fig. 3.6 Position of load sensor
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Fig. 3.7 Measurement system
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Table 3.5 Measurement devices

Data logger
Dynamic strain Model No. DA-16A
amplifier (Made by Tokyo Sokki Kenkyujo Co.,Ltd.)

Model No. GR-7500
Data logger
(Made by Keyence Corp. )

Model No. Smart-UPS 500VA

UPS
(Made by APC by Schneider Electric)
Model No. Inspiron 6400
Laptop
(Made by Dell Inc.)
Model No. NVII
Modem

(Made by Nippon Telegraph and Telephone East Corporation)

3.5 74—V RT—FEITHIE
3.5.1 BT —#

a. BEBUE DL
P TR H, THE LRI HOWT, &7 —%ty b (1 H, 1ERI, 104) (1
BT D RE, FRBEHAZFHL, 7 —/b FEERGITZI T 2 RGO 4 R 3 L OVEEH O
ZEMHAIC OV TRl 2, 7038, RNMEOMEITY 7Y & 7T 1Hz OBRIFE & 35,
JETANZ DWW TUE, 16 FALOMEEE A & L CE &, BRI 5 EME 0723/ IO T
RS D, R DWW T 7Y R Iz THIE SN T — 2 &b & ICHEE A 2
T2,

42 /118



b. WEARMT

Yo 7Y TR Hz TR L EGEICOWT, 10 5/F — 2% v Mo 5 FE8ER L O
SRS ZRE L, 20O RRIEE T L, ZOWEEEZ KM L 3 5 71 THEHENT
AT 9, AHTIZE T, 74— REBSGORERARBEEDOEINR S 2R ET 5, ARG
OHEREZXB.3), G HITRL, HEFIEE Fig 3.81TmR7,

N

_ 1

Vave_i = NZ Vave_i (3-3)
i=1

N

1

TIi=NZTIi (3.4)
1=

ZZT, Voo FERRIENO 1 7 =2 % v S OYEEGH, T1:FERIEND 1 7 —2 & v hfoilh
WS TH D,

1.1 ﬁ@%%)
1.0 2 o o Determine the representative value
' ° o by averaging the values within the

0.9 bandwidth
2 : /
2 08 2P .
S plogeves J
c 0.7 %% X e I o o
© 06 3 2 5 o o} Plot of 10min dat |
Q e oS %%>%9 oo 1o ot of 10min data
8 04 g o P oD 00
S v
F 03 o

O O
0.2 e gégé%éQﬁIo
o @ o0 o ©
0.1 L
0.0
0 1 2 3 4 5 6 7 8 9 10

Wind speed(m/s)
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Wind speed Time history data of unbalanced wire tension and wind speed NASU1
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Fig. 3.13 Unbalanced wire tension acting on attachment point

at NASU1L (V=5~11m/s)
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Wind speed

Time history data of unbalanced wire tension and wind speed NASU1
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Fig. 3. 14 Unbalanced wire tension acting on the attachment point

at NASU1L (V=12~15m/s)
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Wind speed

Time history data of unbalanced wire tension and wind speed NASU2
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Fig. 3. 15 Unbalanced wire tension acting on the attachment point
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Wind speed

Time history data of unbalanced wire tension and wind speed NASU2
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Fig. 3.16 Unbalanced wire tension acting on the attachment point

at NASU2 (V=12~15m/s)
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Fig. 3.18 Power spectrum of unbalanced wire tension at NASUZ2

53 /118



A 1 &R 2 30T, AP 8RR R0RZZ B A IB e U, ZZB) O ) 1 XM R O BRAE 2 7R,
£, 10 HEBENREE AR T L OIS, NEERD O ITE R LD, Fig. 3.17~18 O3
T —AX7 MG, WA ~E b, RPEEREDITEEIETIC O KRELS 8D, —FH, HH 1
AN 2 TR FERE DG AT 5 /3T — A MVOEIZE /2> TW5b, B 1 TiE,
0.6Hz (FRED) IZH 1 E—27RHY, TOBELZ A5 L7258 2. 3Hz (RREN TR KR E— 7 D3k
MWTEDHE2 T A0 THz (AREND IZE 1L =2 0350, ZOB L Z 415 L7255 2. 8Hz (&
FKEN IR KR E— 7 DR TE 5,

FRT =205, ERROSFF R TSI T ~D, TR ZREE DN EAET D Z & 2R
ZENTER, ZORFMERINL, BV RLEORWGEE BT 6N5 2 Lnh, BB
DTN B A RITTRERBERE 0D 2 L2 FE LT,

3.6.3 RIEHEIES) & JRGE D BEM%

AR ) & R O BIRIZ DWW TR 5 72, &35 (201243 H, 10 A, 11 A, 12 A, 2013
F1H, 2 D6 7 1) DFNT — & 2R RITHEHRNT 21T - 7o, ARERHETIE, 10 M7 —2 &
v M EXRIC, PR CEARE L, ZOPIEEANRIMEE T2 HETIT o, ok, BT

DT =2y b OEEEE TG & T D, REERNICOW T, KRIIT—F# TRl

I, WIREOZEEK S THDHZ LD, ZOEEMS O FHR e & U CHREYE(R 2 4 fR i
X5 & T 5, Fig. 3.191THE 1| Ok ) & JRHOBR A~ L, Fig. 3.20 IZH8%H 2 DA
iRk ) & JBUROBIR AR T, 7B, PO T — " — ([ IEBERIEN OEERAELZ R L TV 5D,

54 /118



180

160

N
o

120

100

Standard deviation of
unbalanced wire tension(N)
N S (=2} oo
o o o o

o

90

80

70

60

50

40

30

Standard deviation of
unbalanced wire tension(N)

20

10

JANASU1
A
A
l A
i i A 44 ¢
2 4 6 8 10 12 14 16 18
Wind speed(m/s)
Fig. 3.19 Relationship between o1, and V at NASUIL
ONASU2 .
o
)
o
R
-
R
P00 i
vo®
- ()] -
@ s
0 o ® 9
2 4 6 8 10 12 14 16 18

Wind speed(m/s)

Fig. 3.20 Relationship between o1, and V at NASU2

55/118



WRHENTAE D, A 1 & ARZE 2 ORI %9 D AN EHE ) OMEIT R D 00, iAo
N eb, ANPMEESLEGE & iR OB B D L O REIME AR LT D,

T I T, Fig. 3.19~20 D7 T 7{ZOWT, Az 10 MR D 2 e fEic 28 L, wid
A b OIS A LT, Fig. 3. 21 ICWHA b OAEHIR ) OFFEER 22 & SEHRGE D 2 5
DR ZRT,

180
A NASU1
160 O NASU2
140 —Linear interpolation (NASU1) A
- - Linear interpolation (NASU2) //
120 %
100 . /{///

80 x :
/k// v ®
60 = -

Standard deviation of
unbalanced wire tension(N)

100 150 200 250
Square of wind speed((m/s)?)

Fig. 3.21 Relationship between o1, and VZat NASUl and NASU2
Fig. 3.21 5, APHES OEMERZE TR 2 Flhf] LML TRY, mFICITHRP

RBURRH D Z EDBHERTE -, B, 2 OOW A M, BE 1.6 fEFRRERALY, Fmm L i
ORI AHLRRDT20, REMEREOEITE > TWD,

3.7 3EFL®D

BB DR B AR ET 5720, FEEITE I HRENERL STV 2 EMIER & L TR
VIRZENT 2388 U, ZRMASeME (BRM, o) &, ERA &K O T ANELRD 2 DO T 4
—)L RERRZ I LTz, A7 ¢ —/b FEER CHOEEA O 57 D ER & HELR X T D A ik
HzEREL, LLUT O a7,

56 /118



D7 4 —/ FEBRG ORI LY, EBRGOIWE F MA@ T 2 BEEND, LIz T
B L 72 F R 2 FF OB WEFIRNKR S Z ERboroTe, £, 74—/ RERGOREO LI
SR SUE 0.2 THIRmMEX S TS TH Y, EEHOEEBR Y & LT H BB O 7S 3 H
REN TV D MEHKO— 72 A FTHDH I EnbhroTe, AEERND, K7 0 —/L REER
BHIBLERRSEA O Rl 21T o L CHEYIRGHTTH D 2 L BER T I,

@7 4 =)V NERT —Z b, ANHERINTFEIRS Y v OFIREOAIZ R L, AR o
RE SFREPETNZONTRE LK RD ZLPHERR TS 1o, AR D, A PRI BB

M ORI D0 IR LIEDOTRWABIME TH 5 Z & 2FRE L1z,

R Pl O 2 (R ME & L TeRERHIBIT 24T - T2 R, 10 27— 21 v FicB T 5K
VAR ) OREER 72 & JEUE D 2 SRITELBIBIGR & 70D T & R TE T2,

57/118



3-1)

3-2)

3-3)

3-4)

3-5)

3-6)

3-7)

3-8)

% 3 EDBEZ IR

Kumar, K. S., Stathopoulos, T., 1998. Fatigue analysis of roof cladding under
simulated wind loading, Journal of Wind Engineering and Industrial Aerodynamics,
77-78, 171-183

Xu, Y. L., Liu, T. T., Zhang, W. S., 2009. Buffeting—induced fatigue damage
assessment of a long suspension bridge, International Journal of Fatigue, 31(3),
575-586

Hong, H. P., Zu, G. G., King, J. P. C., 2014. Reliability consideration for
fatigue design of sign, luminaire, and traffic signhal support structures under
wind load, Journal of Wind Engineering and Industrial Aerodynamics, 126, 60-74
Ko, N-H., Kim, Y-M., 2007. Investigation of closed—form solutions to estimate
fatigue damage on a building, Journal of Wind Engineering and Industrial
Aerodynamics, 95, 1-19

PR, AERARE, 2012, JRSNT) 2 ST D ) O SN EAE TR BRI B9 D R,
B2 BTy RY T MmCsE, 311-316

EARETR, A AMES, AMFE A, 2012, BREGEEICAE S EEYEERIZAEH T 5 AR EE
Rtk & BESMIERS DY S5 8GR TAf, 5 22 [B] T2y AR D0 AgmsCEE, 197-202
Fiatin, KREERE], JUINHESR, 2014, ERERE LA 7 v —iEIC X5 EME0ES
JE W O S R RSB MR ORRES, 8 28 8] T2 AR YT Am 38, 307-312
HAHEE 2, 2015, HEUATEARSE - [FIfERL (2015)

58 /118



BAE RVHEESOELEL
4.1 W=

B EL R OJE 7RIS DB ST B s EMIE T & A AR IRANZENT T, 2 2DOH Ak,
ARZE 1 BRRIAY 46m, BhEESE 2% (B 49 0. 9m), FJEA) & BREE D229~ M%9 90° |, ARZE 2: £ 14 30m,
Bt SR 2% (GBS 9 0. 6m), FJE A & MR D 2T AR 50° I2TT ¢ —/b REBRZER L, EROXL
FRRUZ IR (SRR J7 18]~ 0D W IR 72 Z5 B ) B C db 2 RER I3 AE L T D 2 & DR T

oo F£72, 74—V KT —2 ORFETHER D O R EMEENIIEED 2 Fe & pilpifr L 725 2 &
DR CE T, — 4T, BEITT 2 R RESOFEIZONTIL 2 2OH A N TEWRH D, Z
DOHER & U TIEERIOME O WL TR A & BB DR TADENREZ HbND, ZO7 44—/ K
FRT — 2 % b LI, MOMB~ORIR2EH %5 2 5120, G L7 — v RERT —4
D— AP KL 725,

4 BTUE, ARRRAR (BRI, ) B X OVEM EMRIE DT AENRT A—2 L L, BHOHEARKX
T 2 BRI RUTIED SRR S O FEEL B DWTIR R D, £z, BET DAL
DF M % S8R T ORER YT — & 36 L OWERHINT /5 2 - W TRt~ 5,

4.2 AR OFREEL S
4.2.1 ZEREMTHT B R FHRS) D EIELTTIE

REMIE, ANATEL00 A— Ry, FRICED T 40—V FEREZIT O ITIIREEL 72 5
728, BWERR LORESIEOINEOFMAIEE LI REICBIT2ET L E S I LZJE
WHSEHI T 7 —F B ERER D, BHEOHIE T, Davenport‘l’l) WL VIRE SN LEROH)
HINE A ZE L FIEERE ST, EHAE, K B, ELIVRS OFEE ZRE L7 i

T TRY, BREESRT Y a—F b, EEREESICENTI A7 2y T 4 v 7IC kB E
BIEDNAZE LA U= TERL TS "2 —JF, KFEZFEEREMICHER LS 6Ez
VN, FET, MRSV AR L HELEMBEE I, EEMR S L THE SIS ZERFRRY, 2RO
RN Z O F FHEHATE DNILENTIEZRV, BERIL, REGINBLZE ImBEET, A
RUBENTZD, FEHRICK DT ¢ — I REBRBMT 2 2 BMEOMEY & 725, ARBFETIE, BB
T ORI T EIRIEOHEE F1E L LT, 74—/ RERT —Z ICESWERRER T 7o —F %
BIRL, YT L O MERESMAEZRET 52 & 2ilAhr, BB IO 2 S ThER
SNDELEND T EnD, 1 ANRVTHEMT 2 EEHD AR 1T L 0 — el imic /v, 72, 1 A
NODEBICBITDFEEFOE—RT, LVEMWER6DLEERDL, ZOXIREZZXELLE

59/118



2, BRI S W L 21T o T,
—fRBZ A T A EBARE S ORI, b TV — iR & R L L 7 E AR E A (R

Q2.8))BHWB D TP

AR TITIREEA TR E W, FRE s BXOWED L ERENT OEBREEL WD, 22T,
EARIESN RN OBRIEN T 2, EAEDOERENOESTHAIREHES Tu b BEEHBZHZ L%
E 2D, FVAES EBREIERT A EDO A A—Y % Fig. 4. 112577,

Electric wire
Left side

Overhead distribution equipment

Fw

Electric wire
Right side

Fw2

Wind
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Wind speed

Time history data of normalized unbalanced wire tension and wind speed NASU1
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Fig. 4.3 Normalized unbalanced wire tension acting on the attachment point

at NASU1 (V=5~11m/s)
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Wind speed | Time history data of normalized unbalanced wire tension and wind speed NASU1
3 ——Normalized unbalanced wire tension NASU1 Moving average 10min
<2_ 25
52 18
585 05
Es2 45
232 -25
B S -35
V=12m/s 0 100 200 ~ 300 400 500 600
- 30 —Wind speed Time(s)
@
083_,\2\ %8 e A P oY W itemstm At AV
2= 0
= 0 100 200 300 400 500 600
Time(s)
35 ——Normalized unbalanced wire tension NASU1 Moving average 10min
<2_ 25
52 8 |
T 8 5 -05 T
g E 8 _1 5 I
2 g 2 :%g
— S b
V=13m/s 0 100 200 - 300 400 500 600
- 30 ——Wind speed Time(s)
Q A
T WAV LGP N AV CY, e O T PRV S W
2= 0
= 0 100 200 300 400 500 600
Time(s)
35 ——Normalized unbalanced wire tension NASU1 Moving average 10min
oS 25
o>z 1.9
NBE 05
2228 -05
Ese g5
— S °
V=14m/s 0 100 200 300 400 500 600
- 30 ——Wind speed Time(s)
@
§<g. %8 MM NN A e A A it VAN
2= 0
= 0 100 200 300 400 500 600
Time(s)
35 ——Normalized unbalanced wire tension NASU1 Moving average 10min
g 25 | \ |
82z 15 |
NBE 05
585 (b
=8 g _1 5 i T
288 5 ! —
s -35
J— S °
V=15m/s 0 100 200 ~ 300 400 500 600
- 30 ——Wind speed Time(s)
o AN A A - f A A
Tl AN A PN o ATy Ao Ml
2= 0
= 0 100 200 300 400 500 600
Time(s)

Fig. 4.4 Normalized unbalanced wire tension acting on the attachment point

at NASU1L (V=12~15m/s)
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Wind speed | Time history data of normalized unbalanced wire tension and wind speed NASU2
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Fig. 4.5 Normalized unbalanced wire tension acting on the attachment point

at NASU2 (V=5~11m/s)
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Fig. 4.6 Normalized unbalanced wire tension acting on the attachment point

at NASU2 (V=12~15m/s)
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Table 4.1 Relative error o and o wb at NASUl and NASU2 from data
in Fig. 3.13~16, 4.3~6

Wind NASU1 NASU2 Relative NASU1 NASU2 Relative
speed (m/s) 0w (N) 0w (N) error (%) 0w (N/m) 0w (N/m) error (%)
5 10.7 4.3 60 0. 040 0.033 16
7 22.3 11.9 46 0. 082 0. 087 6
9 36. 6 18.0 51 0.135 0.134 1
11 69. 1 29.3 58 0. 260 0. 225 13
12 77.4 35.5 54 0. 287 0. 267 7
13 94. 1 54.5 42 0. 365 0. 380 4
14 105.1 54.9 48 0. 387 0.428 11
15 162. 8 87.3 43 0. 586 0. 607 4
Average 71.0 37.0 48 0. 268 0. 270 1

FUELRTTIE, 2 DOY A b OGRS OIEAERAZITER O VN 480 & K& < Hp-> T
Do 7, JRERSRAE (BER L) K OVELA] & BRES D 7297 & O TR TE(L L 7o RV EA AT 9R /)
TIE, ZROVHN 1%ETEOL 2 ERHERTE T,

4.4 FEIERTHERS) O AT

AREITIX, 7— % RIRITKT 25885 K OVEA & AR O 72312 L D AR ) o ¥ o
RN S 2 L 2 RS, EEREER I OWTHREM-IT 21T o 7, #LatifdTiE, Fie.
3.21 L[AIERIZ, 10 o7 — 2 & v b &2t GIc Bk E CELZ ML L, ZOVHEZREELE TS
FETIToT, Fio, EEREHERNICONVTD, WRIBOZBRS THHZ Linhb, ZOEH
RR5y DB I & U TR R ZE 2 AT )t G & 975, 7238, Fig. 3.21 & [RERZHEEHIENT 217
DTN U.DIFKXAU.5) &7 D,

Tu

o
=— 4.5
OTup = 4sind (45)

ZZT, 0 10T =ty MCBT D EREIA LR ORT A, o 10 0T =%y B
T 2 R PHER OEERAEN), o @ ZBHRE M), ow: 10 2T =22y FPICET S
FLYER A9 OFE R 72 (N/m) Th D,

X (4. 5) ZHWWT, Fig. 3.216F LA (B, D) o X ORI &R D R Az k-
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Fig. 4.7 Relationship between o1y and V? at NASUl and NASU2
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10Hz Raw data of T,
(From Mar/2012 to Feb/2013)

v
Extract 10min dataset V=8m/s
v
Normalize T, to T , by equation (4.4)
v

Calculate amplitudeof T, (called At,)
by rainflow method

v

Create probability density_distri bution
of At, eachV

y

Evaluate relationship between V/ and At,,

Fig. 5.1 Flowchart of rainflow analysis
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WS OO T R348 BE 43 AT 2 VERK U oo IR PR i D R YEAS S ol D ARIR DR E AT 2 b & ITIRIE &

WEDREMREAFHN LTz, 7038, ARFHmIZIS T D B ER LR IR OMEIL, 2IRIET 139142
INELTHTY LT, IRIEDO DT Malk, ASTM E1049-85 Standard Practices for Cycle
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Histories® P o 7iEAZ W T\ 5,

5.3 FHERNLAEJIHRIE OB 54m & B3R DBk
Table 5. 112, &YV A ~o, EUEMHRE T L2t — 2 &> & R”"d, 72, Fig. 5.2

~31Z, Table 5.1 T —X %t LIZEH U 72 BRI 3 1T D FEUEARSEAME 1R A tu, ORE
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Table 5.1 Number of analyzed datasets for each wind speed

Wind speed Number of analyzed datasets
(wind speed limit) NASU1 NASU2
8m/s (8.0m/s~8. 5m/s) 154 94
9m/s (8. 5m/s~9. bm/s) 269 145
10m/s (9. 5m/s~10. bm/s) 111 92
11m/s (10. 5bm/s~11. bm/s) 42 58
12m/s (11.5m/s~12. bm/s) 35 43
13m/s (12. 5m/s~13. bm/s) 39 41
14m/s  (13. 5m/s~14. bm/s) 22 19
16m/s (14. 5m/s~15. 5m/s) 19 10
TOTAL 691 502
25 m ‘

V=8m/s
= V=9m/s
£ 20
E/ =——\=10m/s
2 ==-V=11m/s
® 15
3 —V=12m/s
>
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§ 1.0
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o

==-V=15m/s
0.5 -
n\\
DN ~
~\%§~,
SIS "T=S=a
0.0

000204060810121416182022242628303234363840
At (N/m)

Fig. 5.2 Probability density distribution of Aty for each wind speed at NASU1
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Fig. 5.3 Probability density distribution of Aty for each wind speed at NASU2
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Fig. 5.6 Relationship between frequencies of Aty and V
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Fig. 5.8 Probability density distribution of Cu at NASU1
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Fig. 5.9 Probability density distribution of Cu at NASU2
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Fig. b5.14 Approximated probability density distribution of Cu at NASU2
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V-l R D HRME O FEROAHEE FEOBEE Z Fig. 6. 11577,
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Meteorological Station Optional Site

Fig. 6.1 Concept of proposed method
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WA > b AT, RS SR O BEF O BURFLER 2 % LT D, ARA > b B, RS
RaRLTWD, AHMEEFIEL, 1 TEAAORE V) 6l R OBOE V 2 HEE T 5, 1T
AT AR 0D JEGR V& AR ) R AREL Cu 7 B R ek G R D A AR T HRIE A Tu 2 #EE 5
éo

6.3 REMRDIRIEOMEREEEKOEN

ASE T SR O AR T HRE A Tu DORER B DB 2 7R,
HHMEY A, K@.1DDOXI7 1 SOMERE X TRENDETDHE, ¥ OMERELREKIIA
(6.2) & LTEREND Y,

Y =g(X) (6.1)

-1

dg
y

fr@) = fx(@™

5 6.2)

TIT, 1 ODMEREH XN, SEKLE LT2 O0MREKX, XX CEINAIEASIE, X6.1)
TZH6.3) DI 7D, IBHIT, TNLDMEFREROBIILSTYDBRINDERETHE, ¥
DOffe R TN (6.5), 2(6.6) L LTEREND 7,

Y =g(X1,X3) (6.3)
Y=X-X, (6.4)
© 0
fr) = f_ aiyl fxl,x2 (3_2:9%) dx; (6.5)

por=| Z |‘Z,,iy

fX1 (3_2) sz (x2)dx; (6.6)

Fig. 6.1 OEEFEOHENOT5H &, B Y DNAEHE SHEN A Tu, 25580 X, DS A EfiE 7 1
R IFRH Cu, 28488 Xo MR DOJRGEE V TH D, Lo T, RFEITE T D A EH5E I HER A Tu O
e FEREIIR (6. 7) & L CEH &N A,

Vi dcy,

3| fe R v 67)

fur, (At,) = f
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(6. D ITRA L ALEOHUSIZ I T D AR I 4R O B A e XA RE LT, (6. 8),
X (6. N IHEE DR T 1 FMNTTEET D AP IR S IR0E D ER A HEE A R,

Vmax |1/(asin@)| 1 _ 1.
At,) = —_ || — 37 d 6.8
for,(0t) = | %Ww(me“)mwv (68)
n = far, (At,) - A, - (365 24 60 - 60) - (4fc) (6.9)

DT, Vmax : FEEBIRIER O RO (n/s), Ag, : R EMIIE SRR BEARIE T B 5.
6.5 REHGIESIBIEOHEE FEOZ Y MM

AHITIEA(6.8), H(6.9) DEEIEIZHONT, 7 —/b FEEBGIZR T 5 FAME & HEEM 4 b
B9 % 2 & TR L 7,

6.5.1 RIEHEEE SRR O R E S OE H

20124 3 H~2013 42 HE T 1 FEFDOERT—# (CEBHEGE 8m/s LLE) b, LA T7n
— L& AW TCE LA R D RE O 34 % Fig. 6. 2~3 1Z/RT7,
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Fig. 6.3 Distribution of ATu field data at NASU2
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Fig. 6.5 Weibull fitting for wind speed distribution field data at NASU1l
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Fig. 6.7 Weibull fitting for wind speed distribution field data at NASUZ2
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Table 6.1 Input line conditions

NASU1 NASU2

Span (m) 45 30

Sag (Sag ratio v=2%) (m) 0.9 0.6
Diameter of electric wire (m) 0. 0206 0. 0206

Angle between wire and main wind direction(® ) 77 52
Density of air(kg/m®) 1. 225 1.225

c. 74— REREORVHER RGO BEESTR OHEERR

EAIMEAE6.8), 6.9 ITCAL, 74—/ REBRSICIHIT D 1 AFER O AR EHE /T IERE O B

BOyAi wHeEE Uiz, Fig. 6.8~9 24 Y A FOHEEH RERT,
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Fig. 6.8 Estimated distribution of ATu at NASU1
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Fig. 6.9 Estimated distribution of ATu at NASU2
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—/L REBRGICB T 2 R PR RIS OHEEE % i35 2 & TR(6.8), (6.9) DF 214
L7z, Fig. 6.10 (ZHRZH 1 ORISR 2”7, 72, Fig. 6. 11 IZHZH 2 D2 G MREAmRE R
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D= Z (1%) —1 (7.1)

T, D YIRS, Nit BEfEO SN iR SR F HEE OIS ISR
W IR 1 T DR AERBTH D,

FETOMVIKLE, ni:
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7.2.2 HMEFAE

SRz 55 a7 EE (Damage Equivalent Load, DEL) &1, ffEE0AR &2 © DA EWIC
FHREGE L RSO FTHREE A5 2 —WMELEHEZES DO THY,K(7.3)

m|Y. F.Mn.
DEL = /% (7.3)

T, L : S 95 B (N), Fi 15 O 57 1 EARIE PSR 11
29 B 1A%k, N:DEL [F1%k G 55 - O FEUE & 9~ 215 0 [al#5 (100 JiE] 72 &)

57 faf AR PR 1 1
m: JEITRRETHROMEE TH D,
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7.3 BLEBEA ORI G T v —

AWFIE TR U T2 BB I AE 3 2 R PR R OHEE Tk 2 AV T, BB s o
ENDIERITME TEITH 72 —% Fig. 7.1 1R T,

Determination of target equipment
v
Determination of line condition
(span, sag, wire type)
v

Determination of probability
density distribution of wind speed

v

Calculate the probability density distribution of Cu
using the exponential distribution function
fromthe relationship Cu ,, = 0, = 0.3

v

Calculate probability density distribution of
unbalanced wire tension amplitude

8D
_ (Ymax| 2
fATu (Atu) - fo lpsz fCu(_ fV(v)dv

2 2 ( J
PDF of PDF of wind PDF of
unbalanced force coefficient || wind
wire tension for unbalanced speed
amplitude wire tension

Calculate frequency distribution of unbalanced wire tension amplitude (1 year)
n; = far, (4t,,) = Ape, ~{365-24-60-60-Y}(4fc)

\_Y_)\_Y_)\_Y_H y J

Frequency of | | PDF of Class interval Time constant
unbalanced unbalanced || of unbalanced basedon
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Fig. 7.1 Flow of fatigue analysis of overhead distribution equipment

102 /118



7.4 ECERREEHT O M

AREITIE, BLEEM OBMET VIZOWT, Fig. 7. LISRTETHME Y 2 —I2% - T, WKt
T VO T FEMEB L OSSR EICOWTHRE L, KET VoHEMIEE~ v 7F L O%EAhRE
FWE~ v T OWNTRE LT,

7.4.1 KEIETNLE LIRS

BRET UL, BE Inm T 50mmX50mm t2. 3 O — i O A O JeilC B2 40 LTz
Lok Uiz, AEME LEOBEFIEICOWTL, RALDOFETHES 2> TWnDHHED L
RET D, Fiz, ABME L EROBEEMIZEE, DDAHHENRNK I ITERIZEE S TND
%®&#6'ﬁﬁ%7w®ﬁgl%hg72_T?§Hg@ﬁ%7w BT DHEHREA % Table
7.1 RT, RETIVORBELHFTOMBEAE R 3IIN LE Liz, 708, RET /L, KED
@ﬂ%kbf*%%@ﬁ%ﬁ%ﬁi@%%EﬁEW%?Wﬁkéo

N

R/aN

Y
%;;

' &@;\\;
Top view Electric wire

s

Length:1 m Span:4&“ | Span=40m

77, *6 —— |

[ h /
] ///\\A,/
Square pipe RO
. ¢

2‘

(Size:50m x50m t2. Jm) & / \ ..
C“,- = \ lectric wire
Electric wire ~ = K {
o \\?><£Z;§//

N Pole
P o

Side view Front view

w

Fig. 7.2 Model of overhead distribution equipment
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Table 7.1 Line conditions for evaluation
Span (m) 40
Sag (Sag ratio y=2%) (m) 0.8
0. 0206
(Type: SN-ACSR OE 120mm’)

Diameter of electric wire (m)

Density of air(kg/m®) 1.225
Horizontal line angle(° ) 0
Category of surface roughness I

BEET AT, ARME TR LR L L, AFHE O S 1n OALEOWIEIZ SV TR
TR ) Hig & A ST IRIE DBAfR 2 (7. 4) K0 BH L7,

Om = (7.4)

ZIT, o AR MPa), LiHEE S (), Z:WrimfRik(n®) TH B,
L=1m, 7=6.34>X10"m’(50mm X 50mm t2. 3 OAFEE OWIHIRE) & LIz E OARET VO Pt
iR SRNE & A RE O BMR % Fig. 7.3 1TRT,
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100
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Unbalanced wire tension amplitude Atu(N)

Fig. 7.3 Relationship between unbalanced wire tension amplitude and stress amplitude

of the model of overhead distribution equipment
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Fig. 7.4 S-N curve of the model
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Fig. 7.5 Wind map by NEDO
(Source: Wind map by NEDO http://app8. infoc. nedo. go. jp/nedo/index. html)
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Fig. 7.6 Probability density distribution by Rayleigh distribution
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Fig. 7.7 Frequency distribution of unbalanced wire tension amplitude

for each annual average wind speed
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Fig. 7.8 Frequency distribution of stress amplitude

for each annual average wind speed
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Fig. 7.9 Relationship between annual average wind speed and fatigue life
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