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ABSTRACT Extreme weather like typhoon leaves significantly terrible influence on the stability of
power grid in the coastal area. A high-voltage transmission line includes hundreds of towers and usually
stretches hundreds of kilometers. It is not economical to install typhoon monitoring system throughout the
transmission line. This paper proposes a typhoon inversion method (TIM) for transmission line which utilizes
engineering wind field model and only requires monitoring data from a few towers. The developed method
is called YanMeng wind field (YM) with directional mutation genetic algorithm (DMGA) for transmission
lines, or YM-DMGA method. DMGA utilizes real-time monitoring data, and improves simulation accuracy
of average wind speed by dynamically optimizing two critical parameters B and zp in wind field model,
which is a great improvement over the traditional YM model relying on historical data. The TIM is mainly
composed of three parts, the meteorological monitoring system (MMS), the YM-DMGA model, and the
software system. The TIM collects real-time measured wind data of particular monitoring stations through
the MMS. Meanwhile, wind data of the whole transmission line is simulated using the YM-DMGA and
displayed by the software system. Then the method proposed is verified to be effective in three aspects.
First of all, the YM-DMGA method has great enhancement in accuracy, for the coefficient of determination
Rsquare increases from 0.811 to 0.986. Secondly, DMGA in the method has quicker convergent speed than
typical GA, with fitness converged in the 269" epoch, earlier than that for typical GA, 656 epoch. Lastly,
DMGA has better optimal fitness value of 0.6239, bigger than that of typical GA, 0.5891. At the end of the
paper, an application of the method to an 110kV double-circuit transmission line is presented to reveal the
risk under the impact of the super typhoon Rammasun.

INDEX TERMS Typhoon inversion method, transmission lines, meteorological monitoring system, wind
field, genetic algorithm.

NOMENCLATURE H, height of gradient wind speed.

B Holland pressure profile parameter H height from the ground.

B typhoon moving direction. h mean roughness length.

c typhoon moving speed. k a unit vector.

Cy  drag coefficient. n population size.

fe  Coriolis force parameter. Pa air density.

F; boundary layer friction force. Py air pressure of the typhoon center.

F  fitness of an individual. P, probability of selection for individual.

F, fitness value of individual x. r radius distance from the simulated point to the

typhoon center.
The associate editor coordinating the review of this manuscript and Ryqy  the maximum wind speed radius.

approving it for publication was Andrei Muller . 17 typhoon wind speed.
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Vg gradient wind speed.

vf surface friction wind speed.

v speed at the simulated point.

Vimax ~ the maximum wind speed among the typhoon
structure.

Vi simulated average wind speed at i monitoring
point.

Vi real-time measured average wind speed at i
monitoring point.

z' height in the calculation coordinate system.

Zy height with x meters above the mean roughness
length.

20 equivalent roughness length.

0 angle of simulated point in the coordinate sys-
tem.

Pitd latitude of typhoon center.

@iga  longitude of typhoon center.

W, ;  simulated wind direction at i monitoring point.

O i real-time measured wind direction at i moni-
toring point

I. INTRODUCTION

Typhoon is a frequent natural disaster in western Pacific.
Figure 1 shows typhoon road map of west Pacific in 2018,
the year when 29 tropical cyclones reached the intensity of
typhoon. Typhoon weather is a great threat to power grid
in the coastal areas, leaving extremely harmful impact on
the operation of the transmission lines like windage yaw
flashovers and even tower collapses [1]. Figure 2 shows
collapsed towers due to typhoon weather. An [2], [3] studied
the structural failure of transmission towers impacted by the
super typhoon Rammasun, pointing out that excessive wind
speed and dynamic effect of wind/rain loads are the root
cause for tower collapse. He [2] built up the finite element
model of a transmission line section to analyze the relation
between wind speed magnitude/direction and the maximum
stress of tower members. The stability limit of transmission
line was also evaluated in his research. The results showed
that dynamic load leaves inevitable effect on the dynamic
response of tower-line system. Literature [3] proposed a
meteorological monitoring system for transmission line that
can be used to assess the risk of tower collapse under typhoon
weather. Fu et al. [4], [5] pointed out that accompanying
rainwater under typhoon weather affects the aerodynamic
damping properties of conductor and increases the load acting
on tower-line system.

At present, there are roughly two ways to obtain the wind
speed of transmission line within the influence of typhoon,
one of which is meteorological monitoring. Ma [7] developed
a novel anemometer to measure wind speed for overhead
transmission line monitoring on the basis of the fiber Bragg
grating (FBG) sensing technique. Geng [8] proposed early
warning method of overhead transmission line to predict
the damage probability of overhead transmission line based
on geographic information and meteorological information.
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FIGURE 2. Collapsed transmission line in Hainan Island due to the
Rammasun in 2014.

Typhoon data can be monitored through meteorological
satellite [9], radar [10], microwave radiometric observa-
tion [11] et al. These observation methods are designed
for meteorological researches, and focused on the macro
characteristics of typhoon. Therefore it’s hard to apply
them on evaluating the transmission towers’ wind resistance
performance.

The other approach is numerical simulation based on
typhoon wind field model. Meteorological wind field model
is used for weather forecasting. Based on fluid mechanics and
thermodynamics theory, the meteorological typhoon model
considers a complex physical formation process and mainly
simulates some basic features of typhoon. However, meteo-
rological wind field model usually has a complicated struc-
ture and a large amount of calculation, which brings great
inconvenience. Therefore, scholars and researchers have put
in numerous efforts to establish engineering typhoon models
and have been working on enhancing accuracy and calcu-
lation efficiency of typhoon models [12]. There are several
engineering typhoon model and each has its own theories and
characteristics. Thompson et al. adjusted the thickness of the
boundary layer and improved the drag coefficient to make
the CE wind field closer to the actual typhoon structure [13].
Although its accuracy is reliable, the slow calculation can
not be ignored. The Georgiou model uses the Monte Carlo
simulation method for wind field research [14]. Actual data
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FIGURE 3. Collapsed tower in Guangdong due to the typhoon Tiange in
2017.

was used to verify wind field in this study for the first
time. However, the Georgiou model ignores the influence of
drag coefficient on wind speed. With strict structure theory
and advanced calculation technology, the Shapiro model can
effectively solve the wind speed distribution of typhoon [15].
But the value of the drag coefficient in the Shapiro model will
be too high, because Shapiro uses the average wind speed
in the boundary layer when calculating the drag coefficient.
The YanMeng wind field model considers the boundary layer
friction effect and well expresses the relationship between
the forces in the typhoon wind field, suitable for engineering
application [16], [17]. An [2], [3] studied the structural failure
of two transmission lines under super typhoon Rammasun
that occurred in mid-July 2014, using YanMeng wind field
to simulate typhoon characteristics such as wind speed and
direction.

Currently, due to the extraordinary length of transmission
lines (a typical 110kV transmission line can stretch over
100km), meteorological monitoring cannot well reflect the
wind speed of every single tower of the whole line with
limited monitoring points, while the engineering wind fields
need enhancement in accuracy. Therefore, this paper pro-
poses a typhoon inversion method (TIM) named YM-DMGA
with the YanMeng wind field (YM) and directional muta-
tion genetic algorithm (DMGA) combined. The YM-DMGA
method dynamically optimizes critical parameters of the
wind field model, significantly improving the simulation
accuracy.

The following part of the paper including several sections
will explain the typhoon inversion method (TIM). Section II
will show in details the structure of TIM and how it func-
tions combining YanMeng wind field (YM) and directional
mutation genetic algorithm (DMGA). Meanwhile, validation
of the proposed method will be conducted in section II.
Then section III will present an application of the method to
an 110kV double-circuit transmission line impacted by the
super typhoon Rammasun. The maximum transverse wind
speed and corresponding wind attack angle of each line
section were presented to reveal the risk to transmission line.
At last, some conclusions about the method proposed and
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FIGURE 4. Procedure of TIM.

the prospects for the future of this field will be given in
section IV.

Il. PROPOSED TYPHOON INVERSION METHOD (TIM)
A. PROCEDURE
TIM for transmission lines acquires the wind speed and
direction of every tower in the transmission line based on the
typhoon key parameters (longitude, latitude, moving speed
and moving direction of the typhoon center, central air pres-
sure, maximum wind speed and maximum wind speed radius)
and the real-time monitoring wind data. As figure 4 shows,
the basic procedure of the TIM consists of three main parts,
the MMS, the YM-DMGA model, and the software system.
Firstly, the MMS obtains the real-time monitoring average
wind speed magnitude / direction at the particular monitoring
points. Meanwhile, the YanMeng wind field simulates the
average wind speed according to typhoon key parameters.
Then DMGA improves the simulation accuracy of average
wind through dynamically optimizing two critical parameters
B and zp in YanMeng wind field, till the result meets accuracy
condition. Finally, the 10-min average wind speed magni-
tude/direction of each tower among the whole transmission
line at 10m height is displayed in the software system.

B. METEOROLOGICAL MONITORING SYSTEM (MMS)

1) COMPOSITION OF THE MMS

The real-time measured average wind speed of towers is
obtained by the MMS. The MMS consists of five main parts
as shown in figure 5: a) monitoring terminal, b) monitoring
base station, ¢) power supply module, d) data transmission
module and e) monitoring center server.

The monitoring terminal is an integrated meteorological
sensor, model EWM-50, which can measure the temperature,
wind speed, wind direction, air pressure and rainfall simulta-
neously. The EWM-50 has the advantages of small size and
impact structure. Since it uses an ultrasonic anemometer to
measure the wind speed and wind direction, it has no moving
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(a) Monitoring
terminal

Solar pannel

(c) Power supply
module

FIGURE 5. The structure of MMS.

parts and is maintenance-free. It’s usually mounted on a
cross member of the tower to obtain real-time measured wind
data.

The power supply module is composed of a solar panel,
a charge and discharge controller and a battery. A 100W
solar panel charges the device, and a 150Ah gel battery is
adopted to keep the system operating normally for 30 consec-
utive raining days. Besides, the system adopts Phocos CML
series photovoltaic controller, which automatically controls
the power output of solar panel and battery according to the
demand of the load, and regulates the charging and discharg-
ing of the battery.

The function of the monitoring base station is to connect
the monitoring terminal to the monitoring center server. The
monitoring base station can process the commands received
from the monitoring center server and sent them to the
monitoring terminal. Then the data transmitted from the
monitoring terminal can be stored centrally and sent to the
monitoring center server. The monitoring base station is
packaged in a metal box as shown in figure 5(b), and it
has been proved by experiments that this device is rain-
proof, dustproof, capable to work in the temperature range
from —40 °C to 70 °C, and has functions such as lightning
protection, anti-electromagnetic interference, etc. In case
of a malfunction, the monitoring base station can restart
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TABLE 1. Techinical parameters of mms.

Working temperature: -40 °C~ 60°C
environment humidity: 0 ~ 100%RH
temperature: -40°C~-+80°C; +0.2°C
L wind speed: 0~75m/s; +0.3m/s

Monitoring 4 direction: 0~360°5 +3°

terminal i
air pressure:  500hPa~1100hPa; +1hPa
rainfall: 0~999.9mm/day; +0.4mm
Powered by solar and high performance polymer batte;

ri(:)vgz:upply solar cell I%OW e Py i
battery 150Ah
Power supply: solar and battery powered,;
Protection level: IP65;

Monitoring Should be satisfied to work in the absence of sunlight for

Base station 30 days;
Battery life: >12 years;

Solar battery life: >12 years.

automatically. Moreover, it can execute a scheduled restart
or a restart command from monitoring center. Figure 5 shows
the installation of the monitoring base station. All the moni-
toring data, including average wind speed and wind direction
are sent to the monitoring center server for further utilization
in the following.

The technical parameters of the MMS are shown in
table 1.
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FIGURE 6. The structure of monitoring base station.

2) HARDWARE DESIGN OF MONITORING BASE STATION
The monitoring base station mainly consists of three printed
circuit boards (PCBs), a motherboard, a Zigbee wireless
interface board, and an encrypted interface board, as shown
in figure 6. The system uses wireless or wired access, and can
also be accessed through an Ethernet external module, such
as an optical fiber or WIFI expansion system.

The CPU module includes a CPU, a system flash, a data
storage flash, a real-time clock, a board temperature sensor, a
crystal oscillator, etc. The CPU module is the core part of the
monitoring base station and is responsible for the scheduling
of the entire system, the calculation, storage, and transmission
of data. Model atc cpu-at91sam9g20 is selected according to
the data processing capability, operating environment, power
consumption requirements of the system design.

Zigbee module is a short-range, low-power wireless com-
munication technology based on the IEEE802.15.4 stan-
dard, including power control, reset control, connectors,
etc. The IRIS Base model is selected in this system, has
communication distances from 100 meters to 1200 meters,
featuring 51-pin socket connection, compact design, small
size, chip-mount pad design, built-in chip or external Sub-
Miniature-A (SMA) antenna. Moreover, it includes ADC,
DAC, comparator, multiple 10, I12C and other interfaces to
connect user’s product.

Huawei 770W module is selected in 3G, GPRS general
module of the system. With a GPRS module, the device
is capable to realize long-distance wireless transmission of
data through the existing wireless communication network.
It receives commands from the monitoring center, sets the
sampling frequency and other parameters, while stores the
data and sends it to the monitoring center. To ensure the
accuracy of time, the monitoring base station calibrates time
as the monitoring center commands, the error does not
exceed 5s, and the clock travel error is less than 1s within
24 hours.
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C. THE YM-DMGA (YANMENG-DIRECTIONAL MUTATION
GENETIC ALGORITHM)
1) THE YANMENG WIND FIELD
As can be seen in the figure 4, the YanMeng wind field
model is adopted in the TIM for numerical simulation
of 10-min average wind speed at 10m height. The equilibrium
equations of the YanMeng typhoon wind field considering the
pressure gradient of the boundary layer friction can be written
as [16], [17]:

8Vt

1
— +v Vv = ——Vp, —fek x v¢ + F;

” o ey

where, v; is the typhoon wind speed, p, is the air density, f,
is the Coriolis force parameter, and F; is the boundary layer
friction force, k is a unit vector. The speed of air movement
can be decomposed into the vector sum of the gradient wind
speed, v, and the surface friction wind speed vy in the free
boundary layer as equation (2) expressed.

@)

The coordinate systems of YanMeng wind field in horizontal
and vertical direction are shown in figure 7. Where, r is
the radius distance from the simulated point to the typhoon
center, v is typhoon speed, c is typhoon moving speed, S is the
typhoon moving direction, 6 is the angle of simulated point
in the coordinate system, Z’ is the height in the calculation
coordinate system, A is the mean roughness length related to
20, Zy represents x meters above the mean roughness length
h, Hy is the height of gradient wind speed, H is the height
from the ground.

Figure 8 demonstrates the flowchart of the YanMeng wind
field model. The first step is to mesh the wind field solving
domain in the polar coordinate system. The meshing in the
radial direction is designed to be uneven to properly enhance
the wind field solving efficiency and simulation accuracy of
inner area. As can be seen in figure 7(a), the wind field near

Ve =vf + g
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FIGURE 7. Coordinate system of YanMeng wind field.

the wind eye is meshed intensively. And when it comes to
the outer area of wind field, the meshing gets sparse. In this
way, the whole wind field structure can be displayed in the
software system instantly with efficient calculation.

Then the typhoon parameters provided by the meteorologi-
cal station is put into the Holland pressure model to calculate
the gradient wind speed vg. Table 2 shows all typhoon key
parameters and corresponding explanation to them. V., and
Py are used to describe the intensity of typhoon, directly
affecting the simulation wind speed at target position. R,y is
aparameter that describes the scale of typhoon and influences
wind speed distribution among typhoon structure. Param-
eter ¢, B, guq and gy are used to describe geographic
information of typhoon when typhoon transits and attacks
transmission line. They are mainly used to calculate the dis-
tance and angle between typhoon center and the target point,
which affect the simulation of wind speed magnitude and
direction.
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FIGURE 8. The flow chart of the YanMeng wind field.

TABLE 2. Typhoon key parameters.

Typhoon key Parameter description
parameter

v The maximum wind speed among the typhoon structure
mex inm/s

Ronax The maximum wind speed radius

Py Air pressure of the typhoon center in hPa
c Typhoon moving speed in km/h
B Typhoon moving direction in °

Dia Latitude of typhoon center in °

Piga Longitude of typhoon center in °

The Holland pressure model can be described with the
following equation [18]:

P(r) = Py + AP - exp[—(Riax /7)"] )

where: P(r) is the pressure of the place rkm from the typhoon
center, Py is the typhoon center pressure; R,y is the max-
imum wind speed radius; B is the Holland pressure profile
parameter; p = Poo-Po, P is 1010hPa.

The surface friction wind speed vy is calculated with the
gradient wind speed v, inputted as the initial value. The
vr will be superimposed to the vy and renew itself until it
convergences. Then comes out the nodal wind speed v¢, which
means the simulated wind speed of every nodes of the wind
field grid. Finally the wind speed of target point is calculated
through interpolation.

2) OPTIMIZATION WITH DMGA
This part will explain how the YanMeng wind field and the
MMS combine in the YM-DMGA. DMGA improves the
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FIGURE 9. The procedure of DMGA.

simulation accuracy of average wind speed by dynamically
optimizing two critical parameters, B and zo in the YanMeng
wind field according to the real-time measured wind data and
the simulated wind data.

The Holland pressure profile parameter B is a key param-
eter for the Holland pressure field model, which is adopted
in the YanMeng wind field. As equation (3) shows, B has
significant impact on the radial distribution of wind speed in
the typhoon structure as well as the maximum wind speed.
On the other hand, the equivalent roughness length 7 is used
to describe the friction effect due to different terrain where
the target point located. The equivalent roughness length zg
is a parameter closely related to local area situation. And
theoretically one zp parameter is for every single tower. How-
ever, calculation frequency is required when the whole system
monitors meteorological data and simulated wind speed in
engineering application. Therefore, the zg is turned into a
parameter for the whole wind field rather than a traditional
one for local area. zg decides the drag coefficient Cy, greatly
affecting the simulation accuracy.

A typical approach for determining the parameter B and zg
so far is fitting historical meteorological data published about
typhoons occurred in the region researched-. Specifically,
the typical approach is to find out a parameter that mini-
mizes the difference between the simulated wind data and the
observed wind data of a certain historical time through data
fitting. However, the fixed value of the two parameters deter-
mined by such way cannot reflect the time-varying charac-
teristic of typhoon. Therefore, a new method using a genetic
algorithm [19], [20] with directional mutation (DMGA) is
introduced to solve this problem. In this method, comparison
between simulated wind speed and real-time measured one
is conducted to dynamically optimizing the two parameters.
The basic procedure of DMGA is shown in figure 9.

To reduce the computation workload of DMGA, the initial
parameters in the first generation are generated randomly
among the approximate range of optimal solution of the
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TABLE 3. The approximate range of optimal solution of the two
parameters.

parameter B Zy

Appr'ox1mate range of 08-1.05 001-0.15
optimal solution

TABLE 4. GA parameter initialization.

GA Population Probability of Probability of
parameters size crossover mutation
value 100 30.0% 0.5%

Parameter B part Parameter zo part

(Beode] 1]5|3]7]8]zcode:| 2] 1]53 7|5|]

FIGURE 10. Coding diagram.

two parameters, as shown in table 3, which was determined
through the previously mentioned typical way, the data fit-
ting. This is the beginning of the whole DMGA process,
with corresponding parameters like probability of mutation,
crossover and population size set properly.

Three GA parameters are initialized as shown in the table 4
before the system works.

Decimal code is adopted in this system, avoiding the trou-
ble of code conversion. An individual is encoded as shown
in figure 10 with parameter B code part and parameter z( part.

The fitness value is used to evaluate the performance of
each individual. For an individual, greater fitness valued rep-
resents more outstanding performance. In this part, the two
parameters provided by each individual were put into the Yan-
Meng wind field model, then comes out the simulated average
wind speed at 10m height. It is compared with the real-time
measured average wind speed recorded by the MMS to obtain
the fitness value of every single individual, as expressed in the
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formula (4):

F= 1/\/Z [Vei = vri)? + (i — 6707 “)

where: F is the fitness of an individual, v;; is the simu-
lated average wind speed at /" monitoring point, Vi is the
real-time measured average wind speed at i monitoring
point, W, ; is the simulated wind direction at /" monitoring
point, 6, ; is the real-time measured wind direction at ith
monitoring point.

It’s worth noting that the real-time measured data needs
to be converted into 10m height wind speed from different
height where sensor installed. The conversion is performed

using equation (5) [21]:
vo = Kovi (5)

where, vg is wind speed at 10m height in m/s, Kp is the wind
speed conversion factor, vy is wind speed at sensor’s height
in m/s.

Then in the selection part, those individuals with better
performance will get more chances to survive, enhancing
the performance of the whole generation. For every single
individual, the probability of being selected for the next
generation is given by the formula (6):

— Fx
ZZ:1 Fi

where, P, is the probability of selection for individual x, Fy
is the fitness value of individual x, n is population size, the
number of individuals of a generation.

The simulated wind data will be sent to the software sys-
tem if meets accuracy conditions. If not, it will go to the
directional mutation. Different from typical GA, the mutation

P, (6)
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is directional, enhancing the efficiency of parameter opti-
mization. It’s found in numerous tests that there is negative
correlation between the simulated average wind speed and the
two parameters. Therefore, the wind speed simulation error
calculated is used to decide the mutation direction, as shown
in figure 9. For example, if the simulation error is positive,
then positive mutation will happen at random position in
individual code, which will increase the two parameters’
value.

D. THE SOFTWARE SYSTEM

The software system includes backstage computation module
and user interface. The computation module gains data from
the monitoring center server, and calculates the wind speed
magnitude/direction of every grid node with YM-DMGA
method. Whereas, as figure 7(a) shows, the towers are not
exactly located on the grid nodes, the wind speed magni-
tude/direction of them is the linear interpolation of wind field
data for the four nodes of the grid in which the tower is
located.

The user interface is shown in figure 11, which displays the
transmission line information, the typhoon center information
and wind field simulation results. In addition to the title
bar, menu bar and status bar, there is a workspace divided
into three sections. 1) In the transmission line information
display area on the left, the hierarchical structure of the
lines is displayed in a tree view and the details of the lines
and towers are displayed in a list. 2) On the right, typhoon
center information display area consists of three parts: a tab
bar showing the name of the typhoon, the start and end
time and the maximum gust intensity; a detailed informa-
tion column showing the meteorological information of a
certain node at different times and the legend bar. 3) In the
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middle, the function interfaces such as ‘“‘Electronic Map”
and “Online Monitoring Data’ can be switched through the
labels. The electric map uses the Google Map offline API,
and is embedded into the application through Chromium
Embedded Framework (CEF3), while the display function of
the typhoon wind field is developed in JavaScript.

The interface demonstrates 10-min average wind speed
magnitude/direction at 10m height simulated previously.
On each wind grid node, there is an arrow, the length of
which represents the wind speed while the direction repre-
sents the wind direction. In this way, the user interface gives
an intuitive demonstration of the typhoon wind field, and
helps better evaluate the transmission line’s bearing capacity
against typhoon condition.

E. VALIDATION OF THE PROPOSED METHOD

In this part, the YM-DMGA is validated through the moni-
toring wind data of typhoon Rammasun collected by Xuwen
national meteorological station located in Guangdong, China,
with geographic coordinate [110°14°52”E, 20°31°20’N].
Rammasun is a super typhoon that happened in 2014.
It started from a tropical depression in western Pacific on
July 9, 2014. It kept strengthening after heading into the South
China Sea and became a super typhoon on July 18, 2014.
It caused serious loss to power grid of southeast coastal area
of China. Table 5 shows the key parameters of Rammasun
from 6:00 to 24:00 on July 18, 2014 [22].

Figure 12 shows the meteorological data at a meteoro-
logical station from 14:40 to 22:30 on July 18th in 2014,
when the Rammasun swept across Hainan province. The
meteorological data includes the wind speed respectively
simulated by typical way (data fitting) and YM-DMGA, also,
the real-time wind speed. To make the comparison more
quantitative, the coefficient of determination Rggyar Will be
used in the following analysis.

The coefficient of determination Ryguqre in  the
figure 12 was given by the formula (7) [23]:

> i =3l

Rsuqare =1- l:ml— @)

> i = yil?

i=1
where: y represents the mean of real-time wind speed, y;
represents the i simulated wind speed, y; represents the
i" real-time wind speed. It represents good performance of
simulation when the Rygyare is close to 1.

It can be seen from figure 12 that YM-DMGA has signifi-
cantly better performance in the simulation of typhoon aver-
age wind speed than that with the typical way of data fitting,
as Ryquare increases to 0.986 from 0.811. The YM-DMGA
proposed in this paper is proved to be significantly effective
from this perspective.

Figure 13 compares the performance of DMGA and the
typical GA at 2014/7/18/15:00, when the Rammasun landed
Hainan province. The optimal fitness of DMGA converges in
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FIGURE 12. Comparison between simulation results and real-time wind
speed of Rammasun.
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FIGURE 14. The 110kV double-circuit transmission line.

the 269™ epoch, while that of typical GA converges in the
656™ epoch. On the other hand, the convergent fitness value
of DMGA is 0.6239, bigger than that of typical GA, 0.5891.
It can be seen from figure 13 that DMGA can find the optimal
fitness better and faster than typical GA.
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TABLE 5. Key parameter of Rammasun on July 18, 2014.

Typhoon
' ) ) Central Maximum Wind Moving Centf:r
Time Longitude Latitude Pressure Speed Radius Direction Moving
(hPa) (km) Speed
(m/s)
06:00 112.6 18.9 935 34.63 108.40 5.56
07:00 112.5 18.9 935 34.63 180.00 5.56
08:00 112.3 19.0 930 32.87 153.42 5.56
09:00 112.2 19.1 930 32.87 134.98 5.56
10:00 112.1 19.3 930 32.87 116.53 5.56
11:00 111.9 19.5 920 29.90 134.98 5.56
12:00 111.8 19.6 920 29.90 134.98 5.56
13:00 111.5 19.8 920 29.90 146.29 5.56
14:00 111.3 19.9 915 28.63 153.42 5.56
15:00 111 19.9 910 27.47 180.00 5.56
16:00 110.9 20.0 910 27.47 134.98 5.56
17:00 110.7 20.1 910 27.47 153.42 5.56
18:00 110.6 20.2 910 27.47 134.98 5.56
19:00 110.5 20.2 910 27.47 180.00 5.56
20:00 110.3 20.3 915 28.63 153.42 6.11
21:00 110.1 20.4 915 28.63 153.42 6.11
22:00 110 20.4 930 32.87 180.00 6.11
23:00 109.9 20.5 935 34.63 134.98 6.11
24:00 109.7 20.7 940 36.60 134.98 6.11
F. APPLICATION OF THE PROPOSED METHOD TO AN
110kV DOUBLE-CIRCUIT TRANSMISSION LINE 20151 gt 40
This section presents an application of the TIM to 201} » 7 Maximum Wind ™«
an 110kV double-circuit transmission line consisting 20.05 Speed Circle >
of 75 towers, which suffered severely from the super 2ot ,’ 130
typhoon Rammasun in 2014. Figure 14 shows 12 ten- & sk 11 |
sion towers among the transmission line and other Y s |
detailed information including the straight line distance 8 - : o 20
between two tension towers, and the angle of each line Eo | .-’-'\. Tratismision ! "
section. S BL@\ Iie ,’
Two monitoring points in total were installed for the MMS 19.75 \ ’ 10
to make sure that the monitoring data is persuasive for the 197 F L 7 & L
transmission line with such a long length. Monitoring point 19.65 o T e
No.1 and No.2 were separately installed at tower No.39 and :
tower No.44, which are located at the middle of the transmis- HEF e ek T CHLT STE
Latitude (°)

sion line. The structure and installation of MMS are shown
in figure 5.

Figure 15 shows the wind speed contour map of Rammasun
at 2014/7/18/15:00, when the Rammasun landed for the first
time, probably the most dangerous moment for the transmis-
sion line. Figure 15 illustrates wind speed and wind direction
of nodes in a larger scale at this moment on the Google
map. From figure 15, it can be seen more clearly about the
radial profile of the typhoon structure. The maximum wind
speed circle marked shows the most dangerous position in
the typhoon wind field, where the transmission line suffered
the most severe wind conditions. From this circle to the wind
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FIGURE 15. Wind speed contour map of Rammasun at 2014/7/18/15:00.

eye or to the outer area of the wind field, the average wind
speed drops rapidly.

Generally speaking, it comes to the most dangerous situ-
ation when wind is perpendicular to transmission line (i.e.
wind attack angle, the angle between wind and transmission
line longitudinal direction, is 90 degree). Therefore the com-
ponent of 10-min average wind in the transverse direction
during the typhoon Rammasun swept across is calculated.
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FIGURE 17. Wind speed of the collapsed tower No.66 in time history.

Figure 16 illustrates the maximum transverse wind speed and
corresponding wind attack angle of each line section.

It can be inferred from figure 16 that the maximum trans-
verse wind speed reached over 40m/s, the local design wind
speed of transmission line, for most of line sections, which
means great probability of tower collapse. However, whether
collapse phenomenon happens not only depends on wind
load applied, but also the capacity of towers, which varies
a lot from one to another. The red line sections highlighted
in figure 16 represents sections destroyed in this event, con-
taining collapse towers. What is noticeable is that the col-
lapsed towers, N0.39-No.43, No.64-No.68, No.72-No.73 are
all suspension tangent towers, as shown in figure 2.

Figure 17 shows the wind speed of the collapsed tower
No.66 from 2014/7/18/10:00 to 2014/7/18/22:30. The solid
curve represents the average wind speed while the other
represents the transverse wind speed, which is taken as a
critical factor that cause tower collapse. It can be inferred
from figure 17 that the maximum transverse wind speed
of tower No.66 is 45.63m/s, occurred at 2014/7/18/16:40,
the dangerous moment for the tower No.66.
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Ill. CONCLUSION
This paper proposes a typhoon inversion method to evalu-
ate the transmission line’s ability to resist against typhoon
weather. An application of the proposed method to a
110kV double-circuit transmission line impacted by the super
typhoon Rammasun is presented. Conclusions can be drawn
as follow:

1)The TIM proposed in this paper mainly consists of three
parts: the MMS, the YM-DMGA and the software system.
The MMS collects real-time measured wind data at particu-
lar monitoring points. Meanwhile, the YanMeng wind field
simulates the wind data with typhoon key parameters put in.
Then DMGA enhances the simulation accuracy of typhoon
average wind speed by dynamically optimizing parameters
B and zp in the YanMeng wind field. Finally, the software
system displays the typhoon inversion results.

2)The results show that average wind speed at a mete-
orological station simulated with YM-DMGA has better
accuracy than that simulated with data fitting, with Rsguare
increased to 0.986 from 0.811. Therefore it can be concluded
that YM-DMGA indeed enhances the simulation accuracy of
typhoon average wind speed.

3)DMGA has better performance than typical GA in the
optimization process. On the one hand, DMGA has quicker
convergence speed. DMGA converges in the 269th epoch,
while typical GA converges in the 656th epoch. On the other
hand, DMGA has better optimal fitness. The convergent fit-
ness value of DMGA is 0.6239, bigger than that of typical
GA, 0.5891.

4)The wind speed magnitude/direction of every single
tower among the transmission line during typhoon weather
is available through the TIM. The transverse wind speed is
calculated to evaluate the danger that transmission line may
encounter and to predict the moment when structural failure
occurs under such extreme conditions.

5)Typhoon inversion technology will become more and
more important in the field of transmission line engineering
especially in coastal area. It can be used for failure analysis
of tower-line system in coastal area under typhoon condition
to provide some valuable suggestions for transmission line
design. The concern should be place on further enhancing the
accuracy and calculation efficiency of wind field in the future
to make it more suitable for engineering application.
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