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ELECTRICAL ENERGY ROUTER AND 
ELECTRICAL ENERGY ROUTER 

SUBMODULE 

FIELD 
[ 0001 ] At least one embodiment of the present invention 
relates to the field of power electronics , and more specifi 
cally , to an electrical energy router and an electrical energy 
router submodule . 

BACKGROUND 
[ 0002 ] With the consumption of fossil energy and the 
ever - increasing energy crisis , various types of new energy 
power generation have been valued in recent years . Electri 
cal energy routers with reliable function and high flexibility 
are needed in the power grid to operate as a hub with 
different interfaces to different types of electrical energy . 
[ 0003 ] The main functions of electrical energy routers , 
such as four - quadrant operation , voltage and current trans 
formation and full controllability , have been realized so far 
in the existing solutions . In addition to the main functions , 
the utilization rate of power switches is a key factor in the 
research and development of electrical energy routers . The 
utilization rate of switching devices is an indicator of 
whether or not the system design is efficient and the structure 
is reasonable . Although a variety of implementation 
schemes have been proposed for electrical energy routers , 
the circuit structures of the exiting electrical energy routers 
only aim at realizing the basic functions , but the utilization 
rate of switching devices which reflects the circuit perfor 
mance is not taken into account in these schemes . As a 
result , a high utilization rate of switching devices cannot be 
ensured , leading to a risk of parameter mismatch and insuf 
ficient use of the switching devices . 

[ 0009 ] In at least one embodiment , the secondary side of 
the DC - DC converter includes a structure of neutral point 
clamped half bridge . 
[ 0010 ] By determining the circuit topology of the second 
ary side of the DC - DC converter as one of the above 
mentioned structures based on a ratio between the DC bus 
line voltages of the HV side and the LV side , the voltages on 
both sides of the transformer are in a similar level , and the 
peak currents flowing through the switching devices on both 
sides of the transformer are in similar level as well . As a 
result , the matching degree of the switching devices is 
increased , the capacity waste of switching devices due to 
current level mismatch is reduced and the utilization rate of 
switching devices is increased . 
[ 0011 ] In at least one embodiment , the DC - DC converter 
is an isolated bidirectional DC - DC converter . The trans 
former is a high frequency isolated transformer . Two bus 
line capacitors connected in series are shared between the 
DC side of the neutral point clamped half bridge and the 
rectifying stage . An output terminal of the neutral point 
clamped half bridge and a mutual point of the two bus line 
capacitors are connected to two taps of the primary side 
windings of the high frequency isolated transformer respec 
tively . The output terminals of two arms of the H bridge are 
connected to two taps of the secondary side windings of the 
high frequency isolated transformer respectively . A voltage 
of a DC side of the H bridge is stabilized by a DC bus line 
capacitor . 
[ 0012 ] . In at least one embodiment , the DC - DC converter 
is an isolated bidirectional DC - DC converter . The trans 
former is a high frequency isolated transformer . Two bus 
line capacitors connected in series are shared between the 
DC side of the neutral point clamped half bridge of the 
primary side of the DC - DC converter and the rectifying 
stage . An output terminal of the neutral point clamped half 
bridge and a mutual point of the two bus line capacitors are 
connected to two taps of the primary side windings of the 
high frequency isolated transformer respectively . The posi 
tive and negative terminals of an AC side of the secondary 
side of the DC - DC converter are connected to two taps of the 
secondary side windings of the high frequency isolated 
transformer respectively . A voltage of a DC side of the 
secondary side of the DC - DC converter is stabilized by two 
capacitors connected in series . 
[ 0013 ] In at least one embodiment , switching devices in 
the DC - DC converter are silicon carbide ( SiC ) power mod 
ules . 
[ 0014 ] Silicon carbide devices have a much lower switch 
ing loss than silicon devices , and are suitable for isolated 
bidirectional DC - DC converters which operate at high fre 
quencies ( 20 kHz or above ) . The use of silicon carbide 
devices in the isolated bidirectional DC - DC converter can 
achieve the matching between the switching devices and 
operating modes and reduce the loss . The overall efficiency 
of the electrical energy router is increased . 
[ 0015 ] . In at least one embodiment , the rectifying stages of 
the cascaded submodules constitute a neutral point clamped 
full bridge cascaded structure , and the DC bus lines of the 
secondary sides of the DC - DC converters in the cascaded 
submodules are connected in parallel as a DC output port . 
[ 0016 ] In at least one embodiment , the electrical energy 
router comprises arms of three phases , the arm of each phase 
includes the cascaded submodules , the arms of three phases 
are in Y connection in which the arms are connected to a 

SUMMARY 
[ 0004 ] An object of at least one embodiment of the present 
invention is to provide an electrical energy router which can 
increase the utilization rate of switching devices while 
realizing basic functions . 
[ 0005 ] An object of at least one embodiment of the present 
invention is to provide an electrical energy router submodule 
for constituting the above - mentioned electrical energy 
router . 
[ 0006 ] According to at least one aspect of the present 
invention , an electrical energy router comprises cascaded 
submodules . Each submodule of the cascaded submodules 
comprises a rectifying stage and an isolating stage . The 
rectifying stage includes a structure of neutral point clamped 
full bridge . The isolating stage comprises a DC - DC con 
verter , which includes a primary side , a secondary side and 
a transformer . The primary side includes a structure of 
neutral point clamped half bridge . A DC side of the neutral 
point clamped half bridge is connected to a DC bus line of 
the rectifying stage . 
[ 0007 ] The above circuit topology increases the matching 
degree of switching devices in the rectifying stage and in the 
primary side of the DC - DC converter . The capacity waste of 
switching devices caused by current level mismatch is 
reduced and the utilization rate of switching devices is 
improved . 
10008 ] In at least one embodiment , the secondary side of 
the DC - DC converter includes a structure of H bridge . 
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mutual point at one end and connected to a three - phase 
power grid at the other end respectively . 
[ 0017 ] In at least one embodiment , the electrical energy 
router further comprises a three - phase four - arm inverter 
connected to the DC output port , wherein the four arms of 
the three - phase four - arm inverter operate as a neutral point 
arm and three output arms , respectively , and each output arm 
and the neutral point arm constitute an independent 220V 
AC output port , respectively . 
[ 0018 ] At least one aspect of the present invention 
includes an electrical energy router submodule for consti 
tuting the above - mentioned electrical energy router . 
[ 0019 ] In summary , the particular combinations of circuits 
and devices according to at least one embodiment of the 
present invention can increase the utilization rate of the 
switching devices and the system efficiency . For the same 
power capacity , at least one embodiment of the present 
invention can achieve more effective use of the switching 
devices and higher overall efficiency . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0020 ] The above and other features and advantages of the 
present invention can be better understood from the detailed 
description of the embodiments in conjunction with the 
drawings , wherein : 
[ 0021 ] FIG . 1 is a diagram of a general system structure of 
the electrical energy router of some embodiments of the 
present invention ; 
[ 0022 ] FIG . 2 is a circuit diagram of the rectifying stage in 
the submodule of some embodiments of the present inven 
tion ; 
[ 0023 ] FIG . 3 is a circuit diagram of the first structure of 
the isolating stage in a submodule of some embodiments of 
the present invention ; 
[ 0024 ] FIG . 4 is a circuit diagram of a second structure of 
an isolating stage in a submodule of some embodiments of 
the present invention ; 
[ 0025 ] FIG . 5 is a timing diagram of a typical voltage and 
leakage inductance current waveforms of an isolated bidi 
rectional DC - DC converter using single phase shift control 
of some embodiments of the present invention ; 
[ 0026 ] FIG . 6 is a circuit diagram of a three - phase four 
arm inverter of some embodiments of the present invention ; 
and 
[ 0027 ] FIG . 7 is a system diagram of an example of some 
embodiments of the present invention . 

[ 0030 ] The arm of each phase in the three - phase arm 
structure includes cascaded submodules , i . e . , among the 
input terminals of each submodule , the upper terminal is 
connected to a lower terminal of a previous submodule and 
the lower terminal is connected to an upper terminal of a 
following submodule . The AC - side voltage of each arm is 
equal to the sum of AC voltages of all the submodules in the 
arm . The AC - side current in each submodule in an arm is the 
same for each submodule and equals to the grid current 
flowing into the arm . The three - phase arms are in Y con 
nection , i . e . , the three arms are connected to a mutual point 
at one end and connected to a three - phase power grid at the 
other end , respectively . Low voltage ( LV ) DC bus lines of 
the DC - DC converters 300 in all the submodules are con 
nected in parallel as the DC output port of the electrical 
energy router . 
[ 0031 ] According to at least one embodiment , the electri 
cal energy router 100 may also include a three - phase four 
arm inverter 600 connected to the DC output port . The four 
arms of the three - phase four - arm inverter 600 operate as a 
neutral point arm and three output arms , respectively . The 
neutral point arm operates as a common terminal . Each 
output arm and the neutral point arm constitutes an inde 
pendent 220V AC output port , respectively . 
[ 0032 ] FIG . 2 is a circuit diagram of the rectifying stage 
( indicated by rectifier 200 ) in the submodule , e . g . , submod 
ule in FIG . 1 , according to some embodiments of the present 
invention . The grid current is determined by grid voltage , 
system power and power factor , and is irrelevant of the 
voltage of the rectifier , the number of submodules connected 
in each arm and the circuit topology of the rectifier . In 
addition , because of the cascaded structure of the rectifiers , 
the grid current and the current flowing in the rectifiers of all 
submodules in one phase are the same . Therefore , the 
current in the rectifier is not related to the voltages of the 
rectifiers , the number of submodules connected in each arm 
and the circuit topology of the rectifier . In order to increase 
the equivalent switching frequency , reduce the filter induc 
tance and guarantee the simplicity , reliability and convenient 
implementation , the rectifying stage of at least one embodi 
ment of the present invention has a structure of neutral point 
clamped full bridge . 
[ 0033 ] More specifically , in FIG . 2 , the rectifier 200 in 
each submodule includes eight switching devices and four 
clamping diodes . The eight switching devices are denoted as 
Quis , and the four clamping diodes are denoted as 
Du - D14 . Two arms in the rectifier 200 include Qu ~ Q14 , 
D11 , D12 and Q13Q18 , D13 , D14 , respectively . Qu ~ Q14 are 
connected in series in order . The cathode of D , is connected 
to the emitter of Qu and the collector of Q12 . The anode of 
D , and the cathode of D , are connected . The anode of D12 
is connected to the emitter of Q13 and the collector of Q14 . 
The collector of Q? , is connected to the positive terminal of 
the DC bus line . The emitter of Q14 is connected to the 
negative terminal of the DC bus line . Two capacitors , Chi 
and C12 , are connected in series as the DC - link capacitors . 
The anode of C , , is connected to the positive terminal of the 
HV - side DC bus line . The cathode of Cu is connected to the 
anode of C , 2 . The cathode of C2 is connected to the 
negative terminal of the HV - side DC bus line . The anode of 
D11 , the cathode of D12 , the anode of D13 , the cathode of 
D14 , the cathode of Cu and the anode of C12 are connected 
as a neutral point of the three - level bridge . The emitter of 
Q?2 and the collector of Q13 are connected as the positive 

DETAILED DESCRIPTION 
[ 0028 ] Embodiments of the present invention will be 
described in detail in conjunction with the accompanying 
drawings . These embodiments are only illustrative and for 
explaining the present invention , but shall not be considered 
as a limitation thereto . In the figures , the same or similar 
reference numbers denote the same or similar elements . 
[ 0029 ] FIG . 1 is a diagram of a general system structure of 
an electrical energy router 100 according to some embodi 
ments of the present invention . The electrical energy router 
100 comprises three - phase Y connection cascaded submod 
ules . Each submodule includes a rectifying stage ( indicated 
by a rectifier 200 ) and an isolating stage indicated by a 
DC - DC converter 300 ) . The modularity of the system can be 
enhanced by integrating the rectifying stage and the isolating 
stage into a submodule . 
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terminal of the AC side of the rectifier 200 . The other arm , 
which includes Q15 - Q18 and D13 - D14 , is connected in a 
similar pattern as that described above . The collector of Q15 
is connected to the positive terminal of the DC bus line , the 
emitter of Q?8 is connected to the negative terminal of the 
DC bus line . The emitter of Q and the collector of Q? , are 
connected as the negative terminal of the AC side of the 
rectifier 200 . The DC bus line in the rectifier 200 operates as 
the high voltage ( HV ) DC bus line in the submodule and the 
voltage of the DC bus line is stabilized by Cu and C12 . The 
positive and negative terminals of the DC bus line serve as 
the positive and negative output terminals of the DC side of 
the rectifying stage . The positive AC terminal of each 
submodule is connected to the negative AC terminal of a 
previous submodule , and the negative AC terminal is con 
nected to the positive AC terminal of a following submod 
ule , so as to form a cascaded structure . The negative 
terminals of the respective last submodules in the three 
phases are connected as a neutral point . The positive termi 
nals of the first submodules in the three phases are connected 
to each phase of the power grid respectively . The rectifier 
circuit is embedded into the submodule , wherein the neutral 
point clamped full bridge is connected to the DC - DC 
converter 300 so as to form a submodule . The AC terminals 
of the rectifying stages of the submodules are connected as 
described above , thus realizing the three - level full bridge 
cascaded structure . 
[ 0034 ] FIG . 3 and FIG . 4 are circuit diagrams of two 
structures of the isolating stage ( indicated by DC - DC con 
verter 300 ) of a submodule , e . g . , submodule in FIG . 1 , 
according to some embodiments of the present invention . In 
at least one embodiment , the DC - DC converter 300 is an 
isolated bidirectional DC - DC converter and includes three 
parts , i . e . , an arm in HV side , a high frequency isolated 
transformer T and an arm in LV side . 
[ 0035 ] . In at least one embodiment , the rectifying stage and 
HV side of the isolating stage share the same DC bus line 
and thus have the same DC bus line voltage . Based on the 
single phase shift control strategy of the isolated bidirec 
tional DC - DC converter in the isolating stage and the typical 
waveform of the transformer current under that control 
strategy , the peak transformer current can be derived , which 
is equal to the peak current of the devices connected to the 
transformer . To balance the peak current in the rectifying 
stage and in the HV side of the isolating stage , the HV side 
of the isolating stage has a structure of neutral point clamped 
half bridge . The output terminal of the half bridge and the 
neutral point of DC - link capacitors are connected to the two 
terminals of the primary side of the high frequency trans 
former in the isolating stage respectively . Such a combina 
tion increases the matching degree of devices in the recti 
fying stage and in the HV side of the isolated bidirectional 
DC - DC converter . The capacity waste of switching devices 
caused by current level mismatch is reduced and the utili 
zation rate of switching devices is improved . 
[ 0036 ] Specifically , in the left side of FIG . 3 and FIG . 4 , 
the arm of the HV side of DC - DC converter 300 is a neutral 
point clamped half bridge , including four silicon carbide 
switching devices and two silicon carbide clamping diodes . 
The switching devices are denoted as Q21 , Q22 , 223 , 224 , 
and the two clamping diodes are denoted as D21 , 122 , 
Q2i ~ Q24 are connected in series . The emitter of Q21 is 
connected to the emitter of R22 , the emitter of Q22 is 
connected to the collector of Q23 , and the emitter of Q23 is 

connected to the collector of Q24 . The cathode of D21 is 
connected to the emitter of Q21 and the anode of D22 is 
connected to the emitter of Q23 . The anode of Dy , and the 
cathode of D22 are connected . The collector of Q21 is 
connected to the positive terminal of the DC bus line of the 
HV side and the emitter of Q is connected to the negative 
terminal of the DC bus line of the HV side . The DC bus line 
is shared by the rectifying stage and the HV side of the 
isolating stage in each submodule and the voltage is stabi 
lized by capacitors Cu and C12 . The cathode of C11 , the 
anode of C , , the anode of Dy , and the cathode of D , , are 
connected to the negative terminal of the primary side of 
high frequency isolated transformer T . The emitter of Q22 
and the collector of Qaz are connected to the positive 
terminal of the primary side of high frequency isolated 
transformer T through an auxiliary inductor L1 . 
[ 0037 ] To achieve higher utilization rate of the switching 
devices , according to at least one embodiment of the present 
invention , the structure of the arm of the LV side of isolating 
bidirectional DC - DC converter is determined based on a 
ratio between DC bus line voltages in the HV side and the 
LV side . Specifically , the DC bus line voltage of the LV side 
of the isolating stage is designed as required by the appli 
cation condition . When the DC bus line voltage ratio 
between the HV side and the LV side is around 1 : 1 , a neutral 
point clamped half bridge is used on the LV side . When the 
DC bus line voltage ratio between the HV side and the LV 
side is is around or larger than 2 : 1 , an H bridge is used on 
the LV side . As such , the voltages on both sides of the 
transformer are in a similar level , and the peak currents 
flowing through the switching devices on both sides are in 
similar level as well . As a result , the matching degree of the 
switching devices is increased , the capacity waste of switch 
ing devices due to current level mismatch is reduced and the 
utilization rate of switching devices are increased . 
[ 0038 ] Specifically , in FIG . 3 , a first structure of the arm 
of the LV side is an H bridge , which includes four silicon 
carbide switching devices . The switching devices are 
denoted as Q31 , 232 , 233 , Q34 . Two arms in the H bridge 
includes 231 , 232 and Q33 , Q34 respectively . The emitter of 
R31 , the collector of R32 and the positive terminal of 
secondary side of high frequency transformer T are con 
nected . The emitter of Q22 , the collector of Q24 and the 
negative terminal of secondary side of high frequency 
transformer T are connected . The collectors of Q31 and Q33 
are connected to the positive terminal of DC bus line of the 
LV side . The emitters of Q32 and Q34 are connected to the 
negative terminal of DC bus line of the LV side . The anode 
and cathode of DC link capacitor C2 are connected to the 
positive and negative terminals of DC bus line respectively 
and the DC bus line voltage is stabilized by DC link 
capacitor C2 . 
[ 0039 ] Referring to FIG . 4 , a second structure of the arm 
of the LV side is a neutral point clamped half bridge , which 
consists of four silicon carbide switching devices and two 
silicon carbide clamping diodes . The switching devices are 
denoted as Q31 , Q3 , Q33 , Q34 and the clamping diodes are 
denoted as diodes D21 , D2 , Q2 , Q34 are connected in series . 
The emitter of Q3 , is connected to the collector of Q32 , the 
emitter of 32 is connected to the collector of Q33 , and the 
emitter of Qzz is connected to the collector of Q24 . The 
cathode of D31 is connected to the emitter of Q31 , the anode 
of Dz , and the cathode of Dz , are connected , and the anode 
of D32 is connected to the emitter of Q33 . The collector of 
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( 0043 ] The inductance of leakage inductor is expressed as : 

NDH UL ( 2 ) 
4 = 2fpc DcPPC _ DC D ( 1 – D ) 

[ 0044 ] Based on the inductance of leakage inductor and 
the voltages of the primary side and secondary side of the 
transformer , the maximum value of transformer current in 
the primary side can be derived . 

( 3 ) 
Im DCDC = 

nU 
DDC 4 fora . ( k + 2D - 1 ) 

where Im DCDC is the maximum value of transformer current 
in primary side in the isolated bidirectional DC - DC con 
verter and k = Uw ( 2nU ) . 
[ 0045 ] The AC current in the rectifying stage can be 
calculated by the power of each phase , phase voltage and 
power factor . 

Q31 is connected to the positive terminal of DC bus line of 
the LV side and the emitter of Q34 is connected to the 
negative terminal of the DC bus line of the LV side . The 
voltage of DC bus line of the LV side is stabilized by two 
capacitors C21 and C22 connected in series . The anode of C21 
is connected to the positive terminal of the DC bus line of 
the LV side , the cathode of Co , is connected to the anode of 
C22 , and the cathode of C22 is connected to the negative 
terminal of the DC bus line of the LV side . The emitter of 
Q32 and the collector of Q33 are connected to the positive 
terminal of secondary side of high frequency transformer T . 
The cathode of C21 , the anode of C22 , the anode of D3 , and 
the cathode of Dz , are connected to the negative terminal of 
the secondary side of high frequency transformer T . 
[ 0040 ] The positive and negative terminals of the DC bus 
line of the HV side of the isolated bidirectional DC - DC 
converter 300 are connected to the positive and negative 
terminals of the DC bus line of the rectifying stage 200 . The 
positive terminals of the LV side of all the submodules are 
connected and the negative terminals of the LV side of all the 
submodules are connected , i . e . , the DC bus lines of the LV 
side of the isolated bidirectional DC - DC converters in all the 
submodules are connected in parallel . The structure of the 
arm of the LV side of the isolating stage is determined by the 
ratio between DC bus line voltages of the HV side and the 
LV side . The structure in FIG . 3 is used when the voltage 
ratio is close to or larger than 2 : 1 , and the structure in FIG . 
4 is used when the voltage ratio is around 1 : 1 . 
[ 0041 ] As be described above , some embodiments of the 
present invention use silicon carbide power modules as the 
switching devices of the HV and LV sides of the isolating 
stage based on the high frequency ( 20 kHz or higher ) 
characteristics of the isolated bidirectional DC - DC con 
verter . Silicon carbide devices have a much lower switching 
loss than silicon devices , and are suitable for isolated 
bidirectional DC - DC converters which operate at high fre 
quencies . Therefore , use of silicon carbide devices in iso 
lated bidirectional DC - DC converter can achieve the match 
ing between the switching devices and operating modes and 
reduce the loss . The overall efficiency of the electrical 
energy router is increased . 
[ 0042 ] FIG . 5 is a typical voltage and leakage inductance 
current waveforms of the isolated bidirectional DC - DC 
converter 300 using single phase shift control method 
according to some embodiments of the present invention . 
Based on the voltage and current waveforms , the transmis 
sion power in normal operation can be expressed as : 

( 4 ) V2 Pphase 
Im _ conv = U phase cose 

7 6 Onu 

phase 

where Im com is the maximum value of AC current in the 
rectifying stage , Phase is the rated transmission power in 
each phase , Uphase is the rms phase voltage , and cos o is the 
power factor . 
[ 0046 ] The voltage and power of each phase of the power 
grid can be expressed as ( 5 ) and ( 6 ) 

Pphase = NPDC _ DC 

U phase = 
NmUH Uphase = " 

where N is the number of cascaded submodules in the arm 
of each phase , and m is the modulation ratio of the rectifiers . 
[ 0047 ] Substituting typical parameters , i . e . , k = 1 , D = 0 . 3 , 
m = 0 . 9 , and cos q = 0 . 9 into equations ( 3 ) and ( 4 ) , equation 
( 7 ) can be obtained . 

Im _ conv 21 
Im _ DCDC 

( 1 ) 
Ppc _ DC = 2fpc pcLI 2foort D ( 1 - D ) 

where Pdc dc is the rated transmission power of an isolated 
bidirectional DC - DC converter 300 , n is the turn ratio 
between the primary side and secondary side of the high 
frequency transformer T , U , is the DC bus line voltage of 
the HV side , U , is the DC bus line voltage of the LV side , 
fpc pc is the rated operational frequency of the isolated 
bidirectional DC - DC converter 300 , L , is the leakage induc 
tance of the high frequency transformer T , and D is the rated 
phase shift ratio in the modulation . 

[ 0048 ] For an isolated bidirectional DC - DC converter 
with an H bridge structure in the HV side , the current ratio 
between the rectifying stage and the isolating stage is around 
2 : 1 . In contrast , with at least one embodiment of the present 
invention which applies the particular circuit combination , 
the current ratio between the rectifying stage and the iso 
lating stage is around 1 : 1 . Therefore , the selection of 
switches is unified in different operating conditions . The 
capacity waste of switching devices due to the current level 
mismatch is avoided and the utilization rate of switching 
devices is increased . 
0049 ] Referring to FIG . 6 , the three - phase four - arm 
inverter 600 in FIG . 1 includes eight switching devices . The 
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switching devices are denoted as Qni , Qnz , Qal , Qaz , Qbi , 
Qbz , lel , Qc2 , Qni and Qnz , Qal and Qaz , Qbi and Qb29 lei 
and Q are connected in series and constitute the arms 
respectively . The emitter of Q and the collector of Qw , are 
connected as the neutral point of the inverter . The emitter of 
Rai and the collector of Q are connected as the output 
terminal of phase a of the inverter . The emitter of Qbi and the 
collector of Qu2 are connected as the output terminal of 
phase b of the inverter . The emitter of Qc and the collector 
of Qc2 are connected as the output terminal of phase c of the 
inverter . The collectors of Qni , Qal , Qbi and Qe are con 
nected to the positive terminal of the DC bus line of the 
inverter . The emitters of Q2 , Q . Q . and Q are connected 
to the negative terminal of the DC bus line of the inverter . 
The anode and cathode of the DC link capacitor Ciny are 
connected to the positive terminal and negative terminal of 
the DC bus line respectively . The voltage of the DC bus line 
is stabilized by the DC link capacitor Cinv . The positive and 
negative terminals of the DC bus line of the inverter 600 are 
connected to the positive and negative terminals of the DC 
output of the LV side of the isolated bidirectional DC - DC 
converter 300 respectively . 
[ 0050 ] FIG . 7 is an application example of some embodi 
ments of the present invention . Suppose that the electrical 
energy router is required to connect 10 kV AC grid and 700V 
LVDC port . According to at least one embodiment of the 
present invention , the voltage of the DC bus line in the HV 
side of the isolated bidirectional DC - DC converter is set to 
or around 700V or 1400V . Since the rectifying stage and the 
HV side of the isolating stage have a common DC bus line 
voltage , the DC bus line voltage of the rectifying stage is 
also set to or around 700V or 1400V . In order to avoid a too 
large number of cascaded submodules in the arm of each 
phase and a is too large number of PWM control ports , the 
voltage of DC bus line in the HV side is set to the level of 
1400 V . Considering the types of switching devices in the 
market , the topology of rectifier and the safety margin , 
switching devices with 1200V blocking voltage are used . In 
order to fully use the voltage capacity of switching devices , 
the DC bus line voltage in the HV side is determined as 1500 
V . Based on the relationship between the voltage of the DC 
bus line and the phase voltage of the power grid , the number 
of cascaded submodules in each phase is determined as 6 
and the modulation ratio of the rectifying stage is deter 
mined as 0 . 91 . Thus , the voltage ratio between DC bus line 
voltages of HV side and LV side is about 2 : 1 and H bridge 
is determined to be used on the LV side of the isolating 
bidirectional DC - DC converter . The DC bus line voltage of 
the three - phase four - arm inverter is equal to the DC bus line 
voltage of LV side of the isolated bidirectional DC - DC 
converter , which is 700 V . Therefore , switching devices with 
1200V blocking voltage are used in the inverter . As a result , 
the system structure is determined as follows . The circuit 
topology shown in FIG . 2 is used for the rectifying stage of 
the submodules , and the switching devices are 1200V silicon 
carbide MOSFET power modules . The circuit topology 
shown in FIG . 3 is used for the isolating stage and the 
switching devices are 1200V silicon carbide MOSFET 
power modules . The circuit topology shown in FIG . 6 is 
used for the inverter and the switching devices are 1200V 
IGBT power modules . Every 6 submodules are cascaded to 
construct a phase arm . The negative terminals of the three 
phase arms are connected to a mutual point in Y connection 
and the positive terminals of the three phase arms are 

connected to the corresponding phase of the power grid 
respectively . As such , the design of the electrical energy 
router with high utilization rate of switching devices is 
completed and the specific parameters like current level may 
be determined by the actual operating power . 
[ 0051 ] Embodiments of the present invention have been 
described in conjunction is with the drawings . The embodi 
ments are only illustrative but not intended to limit the scope 
of the present invention . Those skilled in the art may make 
various modifications , equivalent replacement and improve 
ments without departing the spirit and principle of the 
present invention . The protection scope of the present inven 
tion are defined by the appended claims only . 
What is claimed is : 
1 . An electrical energy router , comprising : 
cascaded submodules , 
each submodule of the cascaded submodules comprises a 

rectifying stage and an isolating stage , wherein : 
the rectifying stage comprises a structure of a neutral 

point clamped full bridge , 
the isolating stage comprises a DC - DC converter , which 

includes a primary side , a secondary side and a trans 
former , wherein the primary side comprises a structure 
of a neutral point clamped half bridge , and a DC side 
of the neutral point clamped half bridge is connected to 
a DC bus line of the rectifying stage . 

2 . The electrical energy router according to claim 1 , 
wherein the secondary side of the DC - DC converter com 
prises a structure of an H bridge . 

3 . The electrical energy router according to claim 1 , 
wherein the secondary side of the DC - DC converter com 
prises a structure of a neutral point clamped half bridge . 

4 . The electrical energy router according to claim 2 , 
wherein the DC - DC converter is an isolated bidirectional 
DC - DC converter , the transformer is a high frequency 
isolated transformer , two bus line capacitors connected in 
series are shared between the DC side of the neutral point 
clamped half bridge and the rectifying stage , an output 
terminal of the neutral point clamped half bridge is con 
nected to a first tap of a primary side windings of the high 
frequency isolated transformer , a mutual point of the two bus 
line capacitors is connected to a second tap of the primary 
side windings of the high frequency isolated transformer , an 
output terminal of a first arm of two arms of the H bridge is 
connected to a first tap of two taps of a secondary side 
windings of the high frequency isolated transformer , an 
output terminal of a second arm of the two arms of the H 
bridge is connected to a second tap of the two taps of the 
secondary side windings of the high frequency isolated 
transformer , and a DC bus line capacitor is configured to 
stabilize a voltage of a DC side of the H bridge . 

5 . The electrical energy router according to claim 3 , 
wherein the DC - DC converter is an isolated bidirectional 
DC - DC converter , the transformer is a high frequency 
isolated transformer , two bus line capacitors connected in 
series are shared between the DC side of the neutral point 
clamped half bridge of the primary side of the DC - DC 
converter and the rectifying stage , an output terminal of the 
neutral point clamped half bridge is connected to a first tap 
of two taps of a primary side windings of the high frequency 
isolated transformer , a mutual point of the two bus line 
capacitors is connected to a second tap of the two taps of the 
primary side windings of the high frequency isolated trans 
former , a positive terminal of an AC side of a secondary side 
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of the DC - DC converter is connected to a first tap of two taps 
of a secondary side windings of the high frequency isolated 
transformer , a negative terminal of the AC side of secondary 
side of the DC - DC converter is connected to a second tap of 
the two taps of the secondary side windings of the high 
frequency isolated transformer , and two capacitors con 
nected in series are configured to stabilize a voltage of a DC 
side of the secondary side of the DC - DC converter . 

6 . The electrical energy router according to claim 1 , 
wherein switching devices in the DC - DC converter are 
silicon carbide ( SiC ) power modules . 

7 . The electrical energy router according to claim 1 , 
wherein the rectifying stages of the cascaded submodules 
form a neutral point clamped full bridge cascaded structure , 
and the DC bus lines of the secondary sides of the DC - DC 
converters in the cascaded submodules are connected in 
parallel as a DC output port . 

8 . The electrical energy router according to claim 7 , 
wherein the electrical energy router comprises arms of three 
phases , an arm of each of the three phases comprises the 
cascaded submodules . 

9 . The electrical energy router according to claim 8 , 
wherein the arms of three phases are in Y connection in 
which each of the arms is connected to a mutual point at one 
a first end and is connected to a three - phase power grid at a 
second end opposite the first end . 

10 . The electrical energy router according to claim 8 , 
further comprising a three - phase four - arm inverter con 
nected to the DC output port , wherein a first arm of the four 
arms of the three - phase four - arm inverter is configured to 
operate as a neutral point arm , three arms of the four arms 
of the three - phase four - arm inverter are configured to oper 
ate as three output arms , and each of the three output arms 
and the neutral point arm form an independent 220V AC 
output port . 

11 . An electrical energy router submodule comprising : 
a rectifying stage comprising a structure of a neutral point 
clamped full bridge ; and 

an isolating stage comprising a DC - DC converter , which 
includes a primary side , a secondary side and a trans 
former , wherein the primary side comprises a structure 
of a neutral point clamped half bridge , and a DC side 
of the neutral point clamped half bridge is connected to 
a DC bus line of the rectifying stage . 

12 . The electrical energy router submodule according to 
claim 11 , wherein the secondary side of the DC - DC con 
verter comprises a structure of an H bridge . 

13 . The electrical energy router submodule according to 
claim 11 , wherein the secondary side of the DC - DC con 
verter comprises a structure of a neutral point clamped half 
bridge . 

14 . The electrical energy router submodule according to 
claim 12 , wherein the DC - DC converter is an isolated 
bidirectional DC - DC converter , the transformer is a high 
frequency isolated transformer , two bus line capacitors 
connected in series are shared between the DC side of the 
neutral point clamped half bridge and the rectifying stage , an 
output terminal of the neutral point clamped half bridge is 
connected to a first tap of a primary side windings of the high 
frequency isolated transformer , a mutual point of the two bus 
line capacitors is connected to a second tap of the primary 
side windings of the high frequency isolated transformer , an 
output terminal of a first arm of two arms of the H bridge is 
connected to a first tap of two taps of a secondary side 
windings of the high frequency isolated transformer , an 
output terminal of a second arm of the two arms of the H 
bridge is connected to a second tap of the two taps of the 
secondary side winding of the high frequency isolated 
transformer , and a DC bus line capacitor is configured to 
stabilize a voltage of a DC side of the H bridge . 

15 . The electrical energy router submodule according to 
claim 13 , wherein the DC - DC converter is an isolated 
bidirectional DC - DC converter , the transformer is a high 
frequency isolated transformer , two bus line capacitors 
connected in series are shared between the DC side of a 
neutral point clamped half bridge of the primary side of the 
DC - DC converter and the rectifying stage , an output termi 
nal of the neutral point clamped half bridge is connected to 
a first tap of two taps of a primary side windings of the high 
frequency isolated transformer , a mutual point of the two bus 
line capacitors is connected to a second tap of the two taps 
of the primary side windings of the high frequency isolated 
transformer , a positive terminal of an AC side of a secondary 
side of the DC - DC converter is connected to a first tap of a 
secondary side windings of the high frequency isolated 
transformer , a negative terminal of the AC side of secondary 
side of the DC - DC converter is connected to a second tap of 
the two taps of the secondary side windings of the high 
frequency isolated transformer , and two capacitors con 
nected in series are configured to stabilize a voltage of a DC 
side of the secondary side of the DC - DC converter . 

16 . The electrical energy router submodule according to 
claim 11 , wherein switching devices in the DC - DC con 
verter are silicon carbide ( SIC ) power modules . 


