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Abstract. The short-circuit impedance of converter transformers is one of the most important 

specifications  in HVDC system. Compared with the traditional converter transformers, the new converter 

transformer has unique windings connection diagrams. Based on the topological structure of the new 

converter transformer, this paper proposes a new method to establish the mathematical relationship of 

short-circuit impedances and filters impedances under considering the valve side and grid side short-

circuit conditions. The analysis on short circuit at valve side and grid side shows that short-circuit 

impedances values are almost the same in both two conditions, so that the impedance of the new 

converter transformer is symmetrical. Finally, simulation and experimental results verify the correctness 

of the theoretical analysis. 

Keywords. HVDC，New converter transformer，Short-circuit impedance，Inductive filter. 

1 INTRODUCTION 

1.1 The new converter transformer 

The conventional converter transformer (Y/∆/Y) is an important device in 12-pulse diode/SCR 

converters. It provides a phase displacement between primary side and valve side voltages for harmonic 

cancellation, supplies a proper valve side voltage, and also makes an electric isolation between the 

rectifiers and the utility supply. The configuration of a 12-pulse converter is shown in Figure 1, where the 

AC filters are placed at the AC bus, Uload is the phase voltage of the valve side, and ZR is the impedance 

of power supply. [1-4] 
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Figure 1: The winding connection scheme of the Y/∆ /Y transformers in the 12-pluse converter 

Unlike the conventional converter transformer (CCT), the new converter transformer with its 

filters is a special kind of converter transformer whose grid side windings are connected to power grid, 

the valve side windings are connected to the rectifier, and the common side windings are connected to 

the filters. Similar to the conventional converter transformers of 12 pulses line commutated converter 

HVDC with Y/Δ/Y winding connection, the new converter transformer also has an upper and lower 

bridge which corresponds to Δ and Y respectively [5-10]. The configuration of a 12-pulse converter is 

shown in Figure 2. 



 RESEARCH ON SHORT-CIRCUIT IMPEDANCES OF NEW CONVERTER TRANSFORMER 87 

 

© 2019 Trường Đại học Công nghiệp thành phố Hồ Chí Minh 

 

+

Filters

Y/ZF-1 and Y/ZF-2 transformers

A

B

C

+

-

UA

a

b

c

Iload

+

Uload

IA

-

a

b

c

y

z

x

x

y

z

Ix

Ia

Filters

AC bus

ZR

O

Ifa
Iy

 

Figure 2: The winding connection scheme of the Y/ZF-1/ ZF-2 transformers in the 12-pluse converter 

According to the theory of multi-winding transformer, the mathematical models of the Y/ZF-1 new 

converter transformers can be written as 
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where: 

2112 ZZZ  , 3113 ZZZ  , 3223 ZZZ  , 1Z , 2Z  , 3Z  : are the impedance of the grid side, common 

side and valve side winding, respectively. 

AI ,
AU , 1Z , 1W ;

xI , yxU , 2Z  , 2W ;
aI , ayU , 3Z  , 3W : are the phasor current, phasor voltage, phasor 

impedance and number of turns of the grid side winding (AO winding); common side winding (yx 

winding) and valve side winding (ay winding), respectively. 

In this paper, the mathematical model of the new converter transformer is based on voltage ratio 

which is equal to 1 (UAB/Uab = 1), so the values of ka and kx are: 
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1.2 The short-circuit impedance of the new converter transformer 

For the converter transformer, the short-circuit impedance is an important parameter. Firstly, the 

short-circuit impedance is a unique parameter that can represent the transformer in the equivalent diagram 

of the power system, from which some of the operational parameters of the transformer could be 

calculated, such as the voltage loss, power loss, or the short-circuit current. Secondly, in the LCC DC 

transmission system, the short-circuit inductance of the transformer with the inductance of the power 

supply together is involved in the commutation process of the valves, so the value of the short-circuit 

inductance of the transformer is necessary to calculate the DC voltage drop and commutation angle. 

Finally, in the 12-pulse converter, one essential condition for successful parallel operation of the 

transformers is that the short-circuit impedances of two transformers must be identical to avoid 

unsymmetrical operation which leads to some unexpected problems such as over-voltages, over-load for 

one transformer. Thus, it is necessary to exactly calculate the values of these short-circuit impedances 

[11-15]. 

The new converter transformer has particular winding schemes with its filters connected to common 

winding of the transformer, so its short-circuit impedances are more complex than the conventional 
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transformer. The first research on the short-circuit impedance of the new converter transformer was 

performed by Mr. Xu [16], where the mathematical equation of the grid side short-circuit impedance for 

the Y/ZF-1 transformer was established as follows  
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The above equation shows that the short-circuit impedance depends on the equivalent impedance of 

the filters. This equation is a very complex mathematical relation, and it is not enough to analyze the 

characteristic of the short-circuit impedances of the Y/ZF-1 and Y/ZF-2 new converter transformers. 

In this paper, the valve side and grid side short-circuit impedances of the Y/ZF-1 and Y/ZF-2 

transformers will be established, from which we can analyze the effects of filters on the short-circuit 

impedances, analyze the symmetrical characteristic between the grid side short-circuit and the valve side 

short-circuit, and also analyze the symmetrical characteristic of the short-circuit impedances between the 

Y/ZF-1 and Y/ZF-2 transformers. 

Finally, simulation and experiments will be performed to verify the theoretical analysis.  

2 THE SHORT-CIRCUIT IMPEDANCES OF THE NEW CONVERTER TRANSFORMER 

2.1 The short-circuit impedances of the Y/ZF-1 transformer 

a. The valve side short-circuit 

Figure 3 shows diagram of the valve side short-circuit of the Y/ZF-1 transformer, where Zf is the 

equivalent impedance at the fundamental frequency of the filters. 
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Figure 3 The principle diagram of valve side short-circuit of Y/ZF-1 transformer 

Because the valve side is short-circuited, so 

 0 cabcab UUU   (3) 

The filter current is obtained by Kirchhoff’s Current Law:  

 ax

j

ayxfa IIeIIII  
0303  (4) 

The relationship between the voltage and the current of the filters can be expressed by the filters 

impedance Zf: 

 faf

j

fafcfyx IZeIIZU  01503)(   (5) 

By substituting (5) into (2): 
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j
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By substituting (4) into (6), the relationship between the valve side current and the common side 

current can be obtained as 
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By combining (7) and (1): 
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By solving the equation system (8), the results are 
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Also, from Figure 3 and noting that 0acU : 
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By substituting (2) into (10): 
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By substituting (9) into (11): 
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The equation (12) can be written as 

 AA IBBUA  )( 21   (13) 

where A is a voltage factor, B1 is a current factor with Zf, B2 is a current factor without including Zf: 
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In equations (14), Zk is obtained as: 

 )3( 11312

2 ZZZkZ ak   (15) 

From (13) and (14), the valve side short-circuit impedance can be obtained by 
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b. The grid side short-circuit 

The principle diagram of the grid side short-circuit of the Y/ZF-1 transformer is shown in Figure 4 
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Figure 4 The principle diagram of grid side short-circuit of Y/ZF-1 transformer  

From Figure 4, because the grid side is short-circuited, so 
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By substituting (17) into (2): 

 axaxxyx IZkkIZkU 
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The relationship between the voltage and current of the filters can be expressed by the filter 

impedance: 

 faf

j

fafcfyx IZeIIZU  01503)(   (19) 

By combining (18) and (19): 
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The filter current is obtained by Kirchhoff’s Current Law:  
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j
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0303  (21) 

By substituting (21) into (20), the relationship of the currents between the valve side and the 

common side can be obtained as 
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Also, from Figure 4: 
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By using the phase voltage quantity, (23) can be written as 
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By substituting (2) into (24): 
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By substituting (22) into (25), the phase voltage of the valve side can be deduced by 
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where Zk is the same as in equation (15). 

The grid side short-circuit impedance of the Y/ZF-1 transformer can be obtained by: 
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2.2 The short-circuit impedances of the Y/ZF-2 transformer 

a. The valve side short-circuit 

The principle diagram of the valve side short-circuit of the Y/ZF-2 transformer is shown in Figure 5, 

where Zf is the equivalent impedance at the fundamental frequency of the filters 
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Figure 5 The principle diagram of valve side short-circuit of Y/ZF-2 transformer 

As the same manner with the Y/ZF-2 transformer, the valve side short-circuit impedance of Y/ZF-2 

can be obtained by 
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b. The grid side short-circuit 

The principle diagram of the grid side short-circuit of the Y/ZF-2 transformer is shown in Figure 6. 
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Figure 6 The principle diagram of grid side short-circuit of Y/ZF-2 transformer 

As the same manner with the Y/ZF-2 transformer, the grid side short-circuit impedance of Y/ZF-2 

can be obtained by 
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3 THE CHARACTERISTIC OF THE SHORT-CIRCUIT IMPEDANCES OF THE NEW 

CONVERTER TRANSFORMER 

From (16), (27), (28) and (29), the short-circuit impedances of the grid side and valve side of the 

Y/ZF-1 and Y/ZF-2 transformers are rewritten in Table 1 

Table 1 The short-circuit impedances of Y/ZF-1 and Y/ZF-2 transformers 

Transformer 
The valve side short-circuit  

ZSC 

The grid side short-circuit  

Zsc 
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The short-circuit impedances of the Y/ZF-1 and Y/ZF-2 transformers in Table 1 depend on the filters 

impedance Zf which depends on the filters reactive power. 

Without filters, fZ  , the short-circuit impedances of the Y/ZF-1 and Y/ZF-2 transformers in 

Table 1 can be expressed as shown in Table 2 

Table 2 The short-circuit impedances without filters 

Transformers 
The valve side short-circuit 

ZSC 

The grid side short-circuit 

Zsc 

Y/ZF-1 kZ  kZ  

Y/ZF-2 kZ  kZ  

 

With filter ( fZ ), the relationships of the filters impedance and the transformer impedances are 

can be obtained by: 
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By substituting (30) into Table 1, the approximate short-circuit impedances of the Y/ZF-1 and Y/ZF-

2 transformers are deduced in Table 3 

Table 3 The approximate short-circuit impedances with filters 

Transformers 
The valve side short-circuit 

ZSC 

The grid side short-circuit 

Zsc 

Y/ZF-1 kZ  kZ  

Y/ZF-2 kZ  kZ  

 

Note that the Zk is obtained by (15) as: 

)3( 11312

2 ZZZkZ ak   

Table 2 and Table 3 are obviously identical. By analysis of  these tables, the results show that: 

 The short-circuit impedances of the Y/ZF-1 and Y/ZF-2 transformers are identical, so it 

obviously demonstrates that the Y/ZF-1 and Y/ZF-2 transformers can operate in the 12-pulse converter 

system. 

 The grid side and valve side short-circuit impedances are almost the same and approximately 

equal to the Zk for both Y/ZF-1 and Y/ZF-2 transformers, so the short-circuit impedances of the grid side 

and valve side are almost symmetrical.  

4 THE SIMULATION AND EXPERIMENT 

a. The simulation and experimental models 

The new converter transformer consists of three single-phase three-winding transformers. The main 

technical parameters of a single transformer are as follows: S=17.9 kVA, rated voltages are 

196.7/220/116V, the short-circuit impedances are )(0.784549.0 0

12 Z , )(5.796576.0 0

13 Z  

and )(4.662464.0 0

23 Z . 

 

Figure 7 The single-phase three-winding transformers 

The AC filters for the Y/ZF-1 and Y/ZF-2 transformers are single-tuned 5
th
, 7

th
, 11

th
, and 13

th
 order 

filters, with the total reactive power and impedance at the fundamental frequency being Qf = 10.4 kVAR 

and 
09072.3 fZ  (Ω), respectively. 

The experiment uses the 3196 Hioki quality power analyzer to record and analyze the experimental datas. 
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The simulation uses the Matlab/simulink software with parameters of the transformer and the filters 

being the same with the experimental platform. Figure 8 shows the simulation diagram of the short-circuit 

test for Y/ZF-1 transformer. 

 

Figure 8 The simulation diagram of the short-circuit test 

 

b. The simulation and experimental results 

 

Figure 9 shows the vector diagram of experimental voltages and currents of the Y/ZF-1 transformer 

with and without filters under valve side short-circuit condition. And Figure 10 shows the same results 

under the grid side short-circuit condition. 
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Figure 9 The experimental results of valve side short-circuit of Y/ZF-1 transformer 
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(a) without filters (b) with filters, 
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Figure 10 The experimental results of grid side short-circuit of Y/ZF-1 transformer 

 

Table 4 shows the experimental and simulation results of the valve side short-circuit impedances of 

the Y/ZF-1 and Y/ZF-2 transformers. 

Table 4: The short-circuit impedances. 

Trans Zf （Ω） 

The valve side short-circuit 

impedances (Ω） 

The grid side short-circuit impedances 

（Ω） 

Experimental 

results 

Simulation 

results 

Experimental 

results 

Simulation 

results 

Y/ZF-

1 

∞ 0.495∠80.4
0
 0.501∠80.3

0
 0.496∠80.4

0
 0.497∠80.3

0
 

3.72∠90
0
 0.495∠80.4

0
 0.501∠80.3

0
 0.509∠80.3

0
 0.511∠80.0

0
 

Y/ZF-

2 

∞ 0.495∠80.4
0
 0.501∠80.3

0
 0.495∠80.5

0
 0.497∠80.3

0
 

3.72∠90
0
 0.495∠80.4

0
 0.501∠80.3

0
 0.507∠80.4

0
 0.511∠80.0

0
 

 

Based on the analysis of Table 4, the results show that (use the experimental results to illustrate): 

 The symmetrical characteristic of the Y/ZF-1 and Y/ZF-2: the valve side short-circuit impedances 

of the Y/ZF-1 and Y/ZF-2 transformer are identical and equal to 0.495 Ω; while that of grid side short-

circuit are almost the same. For example, the grid side short-circuit impedance of Y/ZF-1 without filters 

is 0.496 Ω, and that of Y/ZF-2 is 0.495 Ω. So the short-circuit impedances of the Y/ZF-1 and Y/ZF-2 

transformers are almost identical. 

 The symmetrical characteristic of valve side and grid side short-circuit: The valve side and grid 

side short-circuit impedances of the Y/ZF-1 and Y/ZF-2 transformers are slightly different. For example, 

the valve side short-circuit impedance of the Y/ZF-1 without filters is 0.495 Ω and that of grid side short-

circuit is 0.496 Ω. So the grid side and valve side short-circuit impedances of the Y/ZF-1 and Y/ZF-2 

transformers are almost symmetrical.  

5 CONCLUSIONS 

Based on the winding connection diagram of the Y/ZF-1 and Y/ZF-2 new converter transformers, the 

mathematical relationship between the valve side short-circuit impedance ZSC, the grid side short-circuits 
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impedance Zsc and the filter impedance Zf have been established, respectively. According to the 

comparison between the short-circuit impedances of the Y/ZF-1 and Y/ZF-2 transformers, it shows that 

the short-circuit impedance of both transformers are almost identical. Moreover, based on comparing the 

valve side short-circuit impedance ZSC and the grid side short-circuit impedance Zsc, the results show that 

both short-circuit impedances are almost the same, so that the short-circuit impedances of the Y/ZF-1 and 

Y/ZF-2 new converter transformers are symmetrical. 

Finally, the simulation and experimental results verified the correctness of the theoretical analysis. 

APPENDIX 
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NGHIÊN CỨU TRỞ KHÁNG NGẮN MẠCH CỦA MÁY BIẾN ÁP BIẾN ĐỔI KIỂU MỚI  

 

Tóm tắt. Trở kháng ngắn mạch của máy biến áp là m t trong các thông số k  thu t quan trọng trong hệ 

thống HVDC   o v i các máy biến áp biến   i truy n thống  máy biến áp biến   i ki u m i c  s   ồ nối 

d y   c biệt  D a tr n c u tr c c u tr c của máy biến áp biến   i ki u m i  bài viết này    xu t m t 

phư ng pháp m i    thiết l p mối quan hệ toán học của trở kháng ngắn mạch và trở kháng của b  lọc 

trong trường h p ngắn mạch ở phía van và phía lư i   h n tích v  trở kháng ngắn mạch ở phía van và 

phía lư i cho th y c  hai giá tr  trở kháng ngắn mạch g n như giống nhau  do    trở kháng của biến áp 

biến   i ki u m i là  ối x ng  Cuối c ng  các kết qu  mô ph ng và th c nghiệm  ư c th c hiện    ch ng 

minh s  chính xác của các ph n tích lý thuyết  

Từ khóa. HVDC, Máy biến áp biến   i ki u m i  trở kháng ngắn mạch  b  lọc  
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