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ABSTRACT 

Influence brought by continuous increase of high-

speed railway's traction load on power grid becomes 

more and more serious with the development of high-

speed electric railway. In this paper, it establishes 

traction load's static polynomial harmonic model so as to 

conduct harmonic flow calculation, by which it conducts 

quantitative and qualitative analysis of influence brought 

by different work conditions of supply arm and increase 

of traction load on the three indexes injected into the 

power grid, namely, the third harmonic current, public 

connecting point's third voltage containing rate and 

public connecting point's voltage distortion rate. Based 

on overall distortion rate of the public connecting point 

that firstly exceeds the limit, it obtains the traction load's 

critical value of the required restraining measures. 

Besides, it also analyzes the influence brought by the 

invested filtering device on total distortion rate and on 

the maximum bearing traction load in the traction station.  

INTRODUCTION 

Main influence brought by high-speed electric 

railway on the power grid is harmonic and negative 

sequence. In actual operation process, high-speed railway 

adopts phase order rotation method to connect with the 

power grid and to adopt the balanced wiring transformer 

so as to effectively restrain the problem of negative 

sequence. Nevertheless harmonic problem increases 

along with the increase of load and it becomes more and 

more obvious.  

In order to solve harmonic problems brought by 

traction load, in Ref. [2] it analyzes several serious 

influences brought by overlarge harmonic in the power 

grid; in Ref. [3-3] it analyzes harmonic-related restraining 

methods; in Ref. [5] it uses three-phased SVC access 

traction substation on the low-pressure side to conduct 

harmonic treatment to avoid voltage loss brought by 

traction transformer, which is only applicable to traction 

station with short circuit and small capacity. Fluctuation 

exists in high-speed railway traction load. Based on the 

daily maximum load principle in one year, it has certain 

principles. From the angle of the actual projects, in order 

to reduce filtering device's service rate and extend its 

service life, it shall quit or partially quit in time range of 

low load and long-term harmonic operation below the 

limit for backup operation.  

Therefore in this paper it establishes the active and 

reactive static polynomial model based on the traction 

load, conducts harmonic flow calculation of the typical 

traction station operation and analyzes the influence 

brought by different work conditions of supply arm on 

harmonic flow and the relationship among traction load 

value, harmonic current, public connecting point's voltage 

containing rate and public connecting point's overall 

voltage distortion so as to draw the conclusion that when 

overall voltage distortion exceeds the allowed value, it is 

necessary to confirm the time of investing the filtering 

device based on the traction load's critical value in case 

that total distortion exceeds the limit. Besides, based on 

relative restraining measures, it analyzes the influence 

brought by the invested restraining measures on overall 

distortion rate and on the maximum bearing traction load 

in the traction station.  

HIGH-SPEED TRACTION LOAD'S 

HARMONIC MODEL 

High-speed electric railway's traction load is mainly 

composed of traction transformer and electric locomotive. 

Power on the side of power grid will be able to provide 

electric power for the electric locomotive after it is 

changed after it goes through the traction transformer.  

Grid T Load  
Diagram 1 Schematic Diagram of Electric Locomotive's 

Connection with Power Grid After It Goes Through 

Traction Transformer 

In order to analyze the most severe situation brought 

by the traction load on power grid and to simplify 

calculation, it is hereby to make the following 

assumptions:  

1. Electric locomotive is the three-phased symmetric 

non-linear load and harmonic current value produced in 

each phase belongs to the maximum phase harmonic 

current value in asymmetric operation. It omits the 

calculation of current in the negative sequence.  

2. Harmonic does not generate loss after it goes 

through the traction transformer, namely, traction 

transformer model is the ideal transformer model.  
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Load power in electric system is the fundamental 

power provided by the grid and traction load is divided 

into acitve one and reactive one in power grid. In this 

paper, it uses the static polynomial model taking traction 

load's fundamental rate as the incentive and harmonic 

current as response. In order to guarantee the precision, 

reduce the number of high order and adapt itself to 

engineering calculation, it follows the principle of  

utilizing the overall measurement method and selecting 

relevant coefficient not less than 0.9 so as to set the 

number of order as 5. The mathematical expression is as 

follows in Formula (1):  

𝐼ℎ = 𝐹 𝑃, 𝑄, 𝐶  

= 𝑐1 + 𝑐2 ∗ 𝑃 + 𝑐3 ∗ 𝑃2 + 𝑐4 ∗ 𝑃3 

+𝑐5 ∗ 𝑃4 + 𝑐6 ∗ 𝑃5 + 𝑐7                           (1) 

+𝑐8 ∗ 𝑄 + 𝑐9 ∗ 𝑄2 + 𝑐10 ∗ 𝑄3 

+𝑐11 ∗ 𝑄4 + 𝑐12 ∗ 𝑄5 

In the formula, 𝑃  and 𝑄  refer to the load three-phased 

fundamental's active power and reactive power. Based on 

the actual measurement data, it confirms that c1~c11  refer 

to elements in model parameter 𝐶. In this paper, it adopts 

BFGS Method and other parameters are obtained based 

on the object function. Object function is as follows in 

Formula (2):  

𝐽 = 𝑚𝑖𝑛 (𝐼ℎ𝑠 − 𝐹ℎ(𝑃, 𝑄, 𝐶))𝑇 ∗ (𝐼ℎ𝑠 − 𝐹ℎ(𝑃, 𝑄, 𝐶))  (2) 

In the formula, 𝐼ℎ𝑠  is the effective value in actual 

measurement of the No. ℎ  harmonic current. Model 

parameter set 𝐶 is confirmed based on the mininum value 

of 𝐽. The specific recognition method is as follows:  

Step 1: take initiation point 𝐶 0  of the parameter 

vector 
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,   

Set precision at 𝜀 > 0, 𝑘 = 0 

Setp 2: if  𝛻𝐽 𝐶 𝑘   ≤ 𝜀 , stop calculation and 

obtain parameter vector C. 

Step 3: remove linear equation group's descending 

direction 

𝑑 𝑘 = −𝐵−1𝛻 𝐹 𝐶 𝑘  ,取𝑑 0 = −𝐵−1𝛻 𝐹 𝐶 0  。 

𝑑 𝑘 = −𝐵−1𝛻 𝐹 𝐶 𝑘  , 𝑑 0 = −𝐵−1𝛻 𝐹 𝐶 0   

Step 4: obtain step 𝛼，set function𝛷 𝐶 0 + 𝛼 0 ×

𝑑0 

Obtain step if 𝛷’ 𝛼 0  = 0 

步 5：令𝐶 1 = 𝐶 0 + 𝛼 0 × 𝑑 0 ， 

Step 5: set 𝐶 1 = 𝐶 0 + 𝛼 0 × 𝑑 0  

If  𝛻𝐽 𝐶 𝑘   ≤ 𝜀，obtain the result and correct Bk+1； 

𝐵𝑘+1 = 𝐵𝑘 −
𝐵𝑘𝑠

 𝑘 𝑠 𝑘 𝑇𝐵𝑘

𝑠 𝑘 𝑇𝐵𝑘𝑠
 𝑘 

+
𝑦 𝑘 𝑦 𝑘 𝑇

𝑦 𝑘 𝑇𝑠 𝑘 
 

In which, 𝑠 𝑘 = 𝐶 𝑘+1 − 𝐶 𝑘  

𝑦 𝑘 = 𝛻 𝐽 𝐶 𝑘+1  − 𝛻𝐽 𝐶 𝑘   

Step 6: set 𝑘 = 𝑘 + 1, jump to Step 3.  

Taking the third harmonic in one work condition as 

an example, set reference current at 10A and reference 

power at 4.4MVA. Based on the above-mentioned 

method, it is hereby to obtain the recognition result of the 

single locomotive's mathematical parameter C as 

illustrated as that in Table 1:  

Table 1 The 3rd Harmonic Pamameter's Recognition 

Result in One Work Condition 

C1 C2 C3 C4 C5 C6 

-467.87 756.54 -442.03 127.78 -18.28 1.03 

C7 C8 C9 C10 C11 - 

27.24 -34.85 21.27 -6.24 0.7 - 

HARMONIC STANDARD AND 

CALCULATION METHOD 

Harmonic Standard 

CSBTS released GB/T24337-2009 Power Quality 

Public Power Grid Harmonic in 2009. It enriches the 

content related to harmonic in the universal harmonic 

standard IEC 61000-3-6(Assessment of Emission Limits 

for Distorting Loads in MV and HV Power System) 

prevailing in the world including harmonic current's 

allowed value, harmonic voltage's limit value, harmonic 

voltage distortion's allowed value and conversion 

formulas in different short circuit capacities in the 220KV 

public power grid.  

Whether or not the harmonic produced by high-

speed electric railway's traction load exceeds the limit 

mainly refers to the three indexes injected to the 

harmonic resource, namely, harmonic current value, 

public connecting point's harmonic voltage containing 

rate and public connecting point's overall voltage 

distortion rate in the power grid.  

Calculation Method of Various Harmonic 

Indexes in Power Grid 

Conversion formula of harmonic current's allowed 

value in power grid:  

𝐼ℎ =
𝑆𝑘1

𝑆𝑘2
𝐼ℎ𝑝                                          (3) 

In the formula, 𝑆𝑘1  is the public connecting point's 

minimum short circuit capacity, MV · A ； 𝑆𝑘2  is 

reference short circuit capacity in 220kV, 𝑆𝑘2 =

2000𝑀𝑉 ·𝐴，MV·A； 𝐼ℎ𝑝  is the harmonic current's 

allowed value in No. h time in the standard, A; 𝐼ℎ  is the 

harmonic current's allowed value in No. h time when 

short circuit capacity is 𝑆𝑘1, A.  

In the process of conducting vector superposition 

calculation of different harmonic resources, conduct 

superposition of harmonic current 𝐼ℎ1 and 𝐼ℎ2 in the same 

batch and when the phase angle 𝜃ℎ  is the known figure, it 

shall calculate according to Formula (4):  

𝐼ℎ =  𝐼ℎ1
2 + 𝐼ℎ2

2 + 2𝐼ℎ1𝐼ℎ2𝑐𝑜𝑠𝜃ℎ                    (4) 

Therefore, when harmonic currents in the same batch 

share the same phase position, harmonic current presents 

linear superposition relationship as illustrated in Formula 

(5):  

𝐼ℎ = 𝐼ℎ1 + 𝐼ℎ2                                         (5) 

Harmonic voltage superposition shares the same 
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calculation formula.  

Public connecting point's harmonic voltage 

containing rate and overall voltage distortion rate in 

different batches shall be deducted based on Formula (6):  

𝐻𝑅𝑈ℎ =
𝑈ℎ

𝑈1
∗ 100%                                  (6) 

In the formula, 𝐻𝑅𝑈ℎ  is harmonic voltage containing rate 

in No.ℎ time, 𝑈ℎ  is harmonic voltage in No. h time and 

𝑈1 is fundamental voltage (root-mean-square value) 

Overall voltage distortion rate is deducted based on 

Formula (7) and Formula (8):  

𝑈𝐻 =    𝑈ℎ 
2∞

ℎ=2                                     (7) 

𝑇𝐻𝐷𝑢 =
𝑈𝐻

𝑈1
∗ 100%                                  (8) 

In the formula, 𝑈𝐻  is harmonic voltage content and 𝑇𝐻𝐷𝑢  

is overall harmonic voltage distortion rate.  

POWER GRID HARMONIC ANALYSIS IN 

AREAS CONTAINING TRACTION LOAD 

Categorization of Traction Load Supply Arm's 

Work Conditions 

When the high-speed electric railway is in operation, 

the difference of supply arm's traction load work 

conditions will lead to the different harmonic influences 

on power grid. Therefore, in order to analyze the most 

severe situation, in this paper, it divides the traction arm's 

work conditions based on actual measurement into three 

categories as follows:  

Work Condition 1: both supply arms' loads belong to 

the annual average load in normal operation.  

Work Condition 2: heavy supply arm's load is at 95% 

of maximum load and light supply arm's load is the 

average load.  

Work Condition 3: heavy supply arm's load is the 

maximum load and light supply arm's load is the average 

load. 

Harmonic Current Analysis in Power Grid 

In this paper it conducts flow calculation of the 

power grid operating with the traction station in some 

area in North China. In this area, the three-routed 220kV 

circuit is connected with the major power grid and the 

external power grid is viewed as power supply or load 

and it has weak connection with the major grid. The 

internal power supply concentrates on fire power plant 

and wind power generation set. It totally contains 17 

substations of 220kV and 3 traction substations supplying 

power for the high-speed railway and it is one of the 

typical power grids for the study on the influence brought 

by high-speed railway's traction load on power grid. The 

electric distance among traction substations is long. In 

this paper, it takes the load change in the traction station 

with largest traction load as an example to assume that 

the rated load in the two traction stations remain 

unchanged so as to analyze the harmonic influence 

brought by traction load change in one traction station, 

which is marked as Traction Station I.  

Harmonic phase produced by high-speed railway 

load is relative stable. Therefore harmonic current 

produced in different traction stations and harmonic 

current produced inside all locomotives inside all 

tractions stations can be treated as Phase Angle 𝜃ℎ = 0 to 

conduct the linear superposition calculation as follows in 

Formula (5):  

Analysis of Influence on the Input Harmonic Current 

in Different Work Conditions of Supply Arm 

Based on the calculation in the three work 

conditions, it inputs 3 to 19 times of harmonic current 

value into high-voltage bus exit circuit in the traction 

station and they are all arranged in the same histogram as 

follows in Diagram 2:  

 
Diagram 2 Harmonic Current Values in Three Conditions 

The calculation result is compiled into Table 2 based 

on the allowed value of harmonic values as follows: 

Table 2 Input Harmonic Current's Calculation Value and 

Allowed Value in Traction Station I 

Harmoni

c 

Time 

Work 

Conditio

n I 

Work 

Conditio

n II 

Work 

Conditio

n III 

Allowe

d Value 

3 4.6 4.1 3.6 10.8 

5 1.4 1.2 1.1 8.64 

7 2 1.7 1.6 5.4 

9 1.7 1.4 1.2 8.64 

11 1.4 1.3 1.1 3.6 

13 0.3 0.2 0.2 6.12 

15 1.4 1.1 0.8 2.7 

17 1.2 1.1 1 2.88 

19 0.9 0.9 0.6 2.16 

Based on Table 2, we can see that in each work 

condition, harmonic is severe in Time 3～11 and Time 

15～19 and the most severe situation occurs in Time 3. 

Therefore, the most severe situation occurs in Work 

Condition 1, which takes harmonic value of three times 

as the indexes to analyze the maximum traction load. 

Maximum Traction Load Analysis Taking Harmonic 

Current As Index 

By increasing traction load in Traction Station, it 

obtains the curve of changes of harmonic current values 

in three times so as to confirm the maximum load of 

high-speed railway in the power grid. The obtained curve 

is as illustrated as that in Diagram 3:  
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Diagram 3 Changes of Harmonic Currents in Three 

Times in Traction Station I Along with Changes of 

Traction Load 

Based on Diagram 3, we can see that the maximum 

traction load of high-speed railway in the power grid in 

Traction Station I in this area is about 87MW under the 

condition that the harmonic current values in three times 

do not exceed the allowed value of 10.8A with the 

increase of traction load in that traction station. 

Analysis of Power Grid's Harmonic Voltage 

Containing Rate and Overall Voltage Distortion 

Rate 

Analysis of Influence on Harmonic Voltage 

Containing Rate and Overall Voltage Distortion Rate 

in Public Connecting Point Brought by Different 

Work Conditions of Supply Arm 

Public connecting point is the high-voltage bus in 

the superior-level power substation of the traction station. 

Based on the harmonic calculation, it obtains the 

harmonic voltage containing rate at Point I in the public 

connecting point in three work conditions of supply arm 

and they are all arranged in the same histogram as 

follows in Diagram 4:  

 
Diagram 4 Harmonic Voltage Percentage in Different Times in 

the Public Connecting Point in Three Work Conditions 

Table 3 is harmonic voltage value's containing rate, 

overall distortion rate and allowed value in the public 

connecting point. 

Table3  Harmonic Voltage Value's Containing Rate, 

Overall Distortion Rate and Allowed Value in the Public 

Connecting Point 

Harmoni

c 

Voltage 

Calculation Value 
Allowe

d Value 
Work 

Conditio

Work 

Conditio

Work 

Conditio

n 1 n 2 n 3 

3 0.80 0.63 0.48 1.6 

5 0.30 0.22 0.18 1.6 

7 0.40 0.30 0.25 1.6 

9 0.39 0.29 0.22 1.6 

11 0.35 0.29 0.21 1.6 

13 0.08 0.05 0.03 1.6 

15 0.32 0.22 0.15 1.6 

17 0.25 0.20 0.15 1.6 

19 0.15 0.13 0.08 1.6 

THD 1.18 0.91 0.68 2 

Based on Diagram 2 and Table 3, we can see that 

harmonic voltage containing rate and overall distortion 

rate in the public connecting point brought by high-speed 

traction load have the largest value in Work Condition 1, 

medium value in Work Condition 2 and smallest value in 

Work Condition 3. Besides the harmonic voltage 

containing rate is highest in the third time. Therefore, we 

are able to confirm that the biggest influence brought by 

high-speed railway on the harmonic voltage in the public 

connecting point in the power grid happens in Work 

Condition 1. 

Maximum Traction Load Analysis Taking Harmonic 

Voltage Containing Rate in the Public Connecting 

Point as the Index 

By taking the third harmonic voltage containing rate 

as the index in supply arm's Work Condition I,  it 

increases the traction load in Traction Station I to the 

value around the maximum allowed value of the third 

harmonic voltage containing rate so as to confirm the 

maximum high-speed railway load in Traction Station I. 

The result is as illustrated as that in the curve in Diagram 

5:  

 
Diagram 5 Curve of Changes of Harmonic Voltage 

Containing Rate of Three Times in Public Connecting 

Point in Traction Station I with the Changes of Traction 

Load 

Based on Diagram 5, we can see that the maximum 

traction load  in Traction Station I in that area is about 

77MW under the condition that harmonic voltage of three 

times does not exceed 1.6% of the allowed value  along 

with the increase of traction load brought by that traction 

station. 



 24thInternational Conference on Electricity Distribution Glasgow, 12-15 June 2017 
 

Paper 0534 

 
 

CIRED2017 5/5 

Maximum Traction Load Analysis Taking Harmonic 

Distortion Rate in the Public Point as the Index 

By taking the public connecting point's harmonic 

voltage overall distortion rate  as the index in supply 

arm's Work Condition I, it increases the traction load in 

Traction Station I to the value around the maximum 

allowed value of harmonic voltage overall distortion rate 

as illustrated in Diagram 6: 

 
Diagram 6 Curve of Changes of Overall Harmonic 

Voltage Distortion Rate in the Public Connecting Point 

Traction Station I with the Changes of Traction Load 

Based on Diagram 6, we can see that the maximum 

load of high-speed railway in the power grid with single 

harmonic current value in local area in Traction Station I 

is about 63MW under the condition that harmonic voltage 

distortion rate does not exceed 2% of the allowed value 

along with the increase of traction load brought by that 

traction station. 

Based on the above-mentioned analyses, we can 

obtain that under the condition of not investing any 

compensation device, with the increase of high-speed 

railway's traction load, the first value that exceeds the 

standard is harmonic voltage distortion rate right before 

harmonic voltage containing rate and harmonic current 

value. Therefore, in the process of considering the time of 

investing compensation device, we need to mainly 

consider voltage distortion rate. In this paper, the load 

value in Traction Station I in the power grid that requires 

the investment of compensation device is about 63MW. 

HARMONIC ANALYSIS IN LOCAL POWER 

GRID WITH THE INVESTMENT OF 

FILTERING DEVICE 

In order to reduce reactive loss, improve power 

factor and reduce harmonic current's injecting into the 

system in electric railway, the universal means in China 

is to install Fixed Capacitor(FC) and various static 

compensation devices. The common feature of above-

mentioned devices is that they can finish reactive 

compensation while controlling harmonic current. 

Generally speaking they adopt the series connection of 

capacitor branch with reactor to make them function as 

the passive filter or finish the external connection with 

the special filter branch, namely, three times of harmonic 

oscillation capacity compensation device is input to the 

traction bus through the vacuum breaker to finish the 

series connection with 12% reactor so as to realize the 

functions of reactive compensation and restraining 

harmonic in three times.  

When traction load power in Traction Station I 

reaches 63MW and filtering device is invested on each 

phase, public connecting point's voltage distortion 

descends from 2.03% to 1.63% and continue to increase 

the traction load until the distortion rate approaches the 

allowed value again when the traction load value reaches 

84MW.  

CONCLUSION 

Based on the active and reactive features of high-

speed electric railway, it establishes the traction load's 

static polynomial model. Based on the comparison of 

influence brought by traction load in different work 

conditions of the supply arm, it draws the conclusion that 

harmonic influence is most severe in Work Condition I. 

Besides, it obtains the relationship between traction load 

and third harmonic current, between the third voltage 

containing rate and overall distortion rate in the public 

connecting point, namely, overall distortion rate is the 

first that exceeds the allowed value with the increase of 

traction load. The use of filtering devices is able to 

reduce public connecting point's overall distortion rate 

and realize the breakthrough of original maximum 

bearing traction load in original traction station. 
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