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Abstract: 10kV linked SVG module power supply from their own h-bridge power, supply is unstable. To solve this prob-
lem, this paper proposes a new way to take power, using a combination of full-bridge push-pull circuit with isolation 
transformer to solve the logical drive power between the power module and the SVG device self-consistent problem. The 
paper detailed analysis of the working principle and characteristics of this new way to take power, and verified on proto-
type, present the experimental results. 
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1. INTRODUCTION 

Static Synchronous Compensator STATCOM (also 
known as domestic SVG) is one of the core equipment 
FACTS (Flexible Alternative Current Transmission Sys-
tems). The system can quickly compensate reactive, and take 
effective governance for harmonics, voltage fluctuations and 
flicker and other power quality problems, improve the safety 
and reliability of the system [1-3]. 

With the limits of the IGBT can withstand voltage level, 
current high voltage SVG module cascading is usually used 
as the main circuit topology, so require a separate power 
supply to drive IGBT for each module. Document 1 adopted 
high pulse transformers, high-voltage insulated wire, high-
frequency current transformers, rectifiers and other design of 
a high-voltage isolation multiple low-voltage DC power 
supply, with too many components, the reliability is not 
high; Document 2 design a parallel high-voltage high-
frequency isolated power bus, due to the use of high fre-
quency bus, isolation transformers for special needs de-
signed; Document 3 use the main power modules provide an 
AC bus to join rectifier, inverter and constitutes a multi-
output isolation transformer isolated power supply, belong to 
the manner to take power from the H-bridge, likely to cause 
the transformer to burn out. 

2. 10KV LINKED SVG PROGRAM 

The overall structure of the chain of SVG 10kV main cir-
cuit is shown in Fig. (1), used Y-connector, ungrounded, 
access 10kV bus way through LCL. Controller is controlled 
by the signal conditioning boards with FPGA/DSP plates to 
power through the fiber-optic module sends instructions or  
 
 

read the power module status. Power module consists of an 
h-bridge voltage source inverter and bypass, and bypass is 
used in case of inverter failure, short-circuit the output of the 
inverter, make chain of the inverter can still run properly, to 
achieve power redundancy module. Controller and power 
module provide DC power in the programs; the controller 
uses 24V power directly, the internal uses DC / DC circuits 
to generate the required voltage, e to implement easily. As 
the main circuit's neutral point ungrounded, power module 
housing may carry high voltage, direct current power supply 
part of the power module is required to have high voltage 
isolation [4-8]. 

3. COMPARISON OF THE POWER MODULE POW-
ER DESIGN APPROACH 

The main methods currently used to take power IGBT 
power module is H-bridge DC capacitor take power and H-
bridge output take power. 

(1) H-bridge DC capacitor takes power 
H-bridge DC capacitor take power shown in Fig. (2), for 

10kV chain SVG, if grid voltage fluctuation is, the line volt-
age spikes up is 

 10!1.1! 2 = 15.554 kV 

Transformed into a star without neutral on each phase, 
the withstand voltage for each phase H-bridge is 

 

15.554

3
= 8.98 kV 

Paper designed 10kV chain SVG power module per 
phase 12 cascades, each level of the DC bus voltage is set at 
800 volts, can provide the maximum of DC voltage 9.6kV. 
The 800V is the average of the DC capacitor voltage, cou-
pled with the continuous charging and discharging the capac-
itor voltage ripple generated will reach 1200V. On this  
basis, DC/DC converters can choose MOSFET switch or  
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Bi-MOSFET. If MOSFET is chosen to be the switch, due to 
the current single MOS transistor can withstand voltages up 
to 1200V, requiring a two-stage MOS transistors connected 
in series in order to withstand the BUS voltage, and MOS 
transistors in series would involve grading, heat and a lot of 
other issues, reliability would become deteriorated. Bi-
MOSFET can also be selected as a DC / DC switching tube, 
it is actually an IGBT, not a MOSFET, one level can be 

used, but the switching frequency is low, the cost is high, the 
volume is large, it is not practical [9, 10]. 

Therefore, the design approach is not suitable for 10kV 
chained SVG high voltage electrical source. 

(2) H-bridge output take power 
Fig. (3) is a way to take power though the outputs of h-

bridge, which through isolation transformer insulation, takes 

 
Fig. (1). 10kV chain SVG Chart. 

 

 

Fig. (2). Capacitor C take power. 

 

 
Fig. (3). H-bridge output take power. 
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power with more reliability. However, there are the disad-
vantages: 

(1) This method requires H-bridge output voltage stabil-
ity, otherwise when the grid voltage is low (for low voltage 
ride through), H-bridge output voltage is too low to have the 
enough power output to drive IGBT; 

 (2) The H-bridge output is a square wave, input voltage 
distortion transformer is large, resulting in bulky, heavy, 
high harmonics serious loss; 

(3) This approach requires a cascade of each transformer 
magnetizing inductance difference is small, otherwise when 
the machine starts, H-bridge has not been turned on, then 
quire the IGBT power cascade in 10kV power line, each 
isolation transformer combined to bear 10kV,if the trans-
former magnetizing inductance differences is large, may 
occur a cascade transformer withstand overvoltage break-
down [10-12]. 

Therefore, this scheme does not apply to 10kV chain 
SVG power module DC power to take power. 

4. POWER MODULE HIGH VOLTAGE ISOLATED 
POWER DESIGN 

Because STACOM controller (DSP, FPGA, CPLD and 
other control devices) require low-voltage DC power supply, 
so the devices typically need to be used as a secondary low-
voltage DC power supply through the mains via a power 
converter, so this paper research is a new way to take power: 
integrated design with mode controller to take power, unified  
 

to take power from low voltage direct current from the pow-
er supply (typically 24V) [13-17]. Wherein the overall de-
sign of the power supply module is shown in Fig. (4). IGBT 
driving voltage is 15V, directly from the isolated high pres-
sure source, the other voltage levels can be obtained through 
the internal DC / DC conversion. 

The internal structure of the high voltage isolation as 
shown in Fig. (5), which is a push-pull converted current 
source circuit, wherein s1, s2, s3, s4, L1, V1 constitutes the 
zero-current switching DC/AC conversion circuit, T is the 
isolation transformer, D1, D2, D3, D4 form a full-wave rec-
tifier circuit. 

The working process of a high voltage isolated power cy-
cle can be divided into 12 stages, as shown in Fig. (6), since 
the phase of 7-12 and 1-6 is symmetry ,therefore the paper 
only analyzes the 1-6 stage. 

Stage one: t1-t2 
Power devices s3, s4 begins conducting at time t1, there-

fore at this stage is in the conducting state of the device with 
s1, s2, s3, s4, d3, d4, inductor L1releases the stored energy 
to the load, the current is iL1, the slope is vo/L1, when the 
inductor current becomes zero, the phase 1 ends, can obtain 
the following relationship: 

  
v

Cp
(t) = !V

O   (1) 

  

i
L1

(t) =
V

O

L
1

(t ! t
1
)! I

LB

 
(2) 

 

 

Fig. (4). Power Modules DC to take power structure diagram. 

 

 

Fig. (5). High voltage isolated power supply topologies. 
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The duration of Phase 1 can be obtained by the formula 
2: 
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Stage two: t2-t3: 
The inductor L1 current iL1 reduce to zero at the time t2, 

therefore the diode D3, D4 is off, only s1, s2, s3, s4 in the  
 

conduction state. The inductance L1 and the capacitor C1 
begins to enter the series-resonance state, the current flowing 
through the inductor L1 is 
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(7)  

The current flows through S4 is 
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The current flows through S2 is 
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Fig. (6). High voltage isolated power one cycle timing diagram. 
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The voltage on the capacitor C1 is 
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(10) 

The current of inductor L1is equal with ILB at the time 
t3, the duration of second phase can be obtained though the 
formula 7 
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(11)  

Stage three: t3-t4: 

At this stage, S1, S3, S4 maintain the state, at t3, the anti-
parallel diode D7 is turned on, the current in the inductor 
L1is at the maximum IP greater than ILB, achieve the zero 
current to shutdown S2, 
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The current of the inductor L1 drops to ILB at time t4, L1 
and C1 constitutes the series resonance state end. Its duration 
time is 
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Stage four: t4-t5: 

Stage of the switch status is consistent with stage 3 de-
vices, the current of inductor L1is equal to IL1 and ILB, ca-
pacitor C1 start charging. The voltages on the capacitor C1 
is: 
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The current flows through the switching device S4 is: 

  
i
S 4

(t) = 2I
LB  (15)  

The charging process is ended when the voltage of the 
capacitor C1 reaches Vo, diodes D1, D2 starts conducting. 
The time of the charging of the capacitor C1 can be repre-
sented with formula (16): 
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Stage five: t5-t6: 
The switching device with S1, S3, S4, D1, and D2 is in 

the conductive state, the power supply to the load, the volt-
age on the capacitor C1 is Vo, the output current io is ILB. 

Stage six: t6-t7: 
The S1 is turned off at the t6 time, the diode D9 is turned 

on, so that the switching device with S3, S4, D9, D1, and D2 
is in the conducting state, the energy stored in the inductor 
L1 to supply power to the load. In this case the voltage on 
the capacitor C1 is Vo, the output current is ILB. 

DC output voltage Vo can be obtained by the above 
analysis 
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 is the switching frequency,
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series resonant frequency. 
From equation (17) can be seen to achieve the control of 

output voltage Vo can adjust the duty cycle of the switching 
frequency. 

5. PROTOTYPE RESULTS 
To verify the correctness of the design, conducted exper-

iments in the experimental device 10kV chain SVG, 
Vdc=24V, Vo=15V, Po=100W, Fig. (7) shows the  
 

 

Fig. (7). Isolation high-voltage power supply experimental platform and circuit physical map. 
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high-voltage isolation power supply experimental platform 
and circuit physical map, isolation transformer primary side 
using ordinary low voltage lines, isolation transformer sec-
ondary side has to stand high field strength caused by inho-
mogeneous electric field strength of the high pressure envi-
ronment. Therefore, isolation transformer secondary side 
using 35kV high voltage silicone wire, cores connected to 
the ground [18-20]. Fig. (8) is a VAB and inductor L1 cur-
rent IL1’s waveform, it can be seen from the figure that the 
voltage and current to keep pace without delay lag. Fig. (9) 
is a 15V output voltage waveform, Fig. (10) is a DC 15V 
output ripple voltage, it can be seen from the figure that the 
maximum ripple voltage fluctuation is less than 1mv. 

 (1) 15V voltage switching cycle 
(2) 15V output 
(3)15V ripple voltage 
10kV linked SVG will produce a lot of heat in the work 

process, making different high voltage isolation of electricity  
 

 

source at work environment temperature, high voltage isola-
tion is easily affected by the temperature part that is the 
power isolation transformers, To verify paper designed ap-
plicability of the high voltage power supply in the case of 
different temperature, isolation transformer magnetizing cur-
rent separately at room temperature and at 100℃ to take the 
test, the excitation current waveform is shown in Fig. (11) 
and Fig. (12) from the figure it can be seen that the excita-
tion current has almost no change. 

6. EPILOGUES 

Thesis uses 10kV chain SVG power module as the way 
to take power for the study, developed a new way to take 
power. Take the controller and electric power modules into 
consideration, take 24V DC mains transformed as a power 
source, designed power module power conversion circuit, 
analyzes its working principle and characteristics, take the 
prototype produced, and the experiment and the experi-
mental results confirm the correctness of the design. 

 
 

 
Fig. (8). VAB and the current IL1 of the  inductance L1 waveform. 

 

 
Fig. (9). 15V DC voltage output. 

 

 
Fig. (10). DC 15V ripple voltage. 
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Fig. (11). Isolation transformer magnetizing current at room temperature. 

 

Fig. (12). Under 100 °C isolation transformer magnetizing current. 


