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ABSTRACT

This paper mainly includes three parts: energy Internet, energy router and power
quality adjustment. The solutions of different levels of energy are introduced in three
aspects: macro, core and key technologies with progressive manner. The characteristics,
factors and development trend of the Internet are discussed, and the function and structure
design of the energy Internet is discussed in detail based on the analysisof power
electronics technology development. Finally, the power quality problems are introduced in
detail, details of specific work in the field of power quality management are given
according to Shenzhen Power Quality project.

To sort out the relevant issues of energy Internet, the basic concept, connotation and
denotation, significance and function of energy Internet are described, and the essential
attributes of its opening, interconnection, peer to peerand share are introduced as the key
spiritof energy internet.It is discussed that the development pattern of energy internet
should take innovation and evolutionary as its wayby combining pilot studies and
encouraging groundbreaking technology solutions.Architecture ofenergy internet is
discussed, and role of flexible HVYDC in the development process ofenergy internet were
given in detail.

Energy router is the core element of the energy Internet, whose main task is realizing
the function of the energy and information bidirectional transmission in the Internet. This
paper introduces the main functions of energy router, including the energy of the switch,
route, power quality adjustment and large data applications. Two main directions of the
development of energy Router: power electronics technology and energy storage
technology are discussed. This paper introduces the technology of flexible HVDC
transmission, the energy internet and the energy router prototype based on DC transmission
technology is proposed, and the application of the energy Internet based on this energy
router is presented.

Furtherly, basis on unified power quality conditioner (UPQC) project, ourwork on
power quality adjustment is introduced. This paper also introduces the main task, design
index and process details of the project. Key parameter design of the UPQC are given in
detail, this paper also puts forward a kind of LC output filter parameter selecting method
through determining no-load lossindex, the nonlinear load adaptability index and the



harmonic suppression index of the inverter. Furtherly, calculating indexintersection range
could determine the effective domain of thetargetparameters. Modeling and stability
analysis of the APF module control process based on the enhanced LCL filter are presented,
and the stability of the system based onthe seclected parameters is given. Experimental
results show that the proposed method is helpful to improve the output frequency
characteristic of the system.

Keywords: Energy Internet, energy routers, power quality conditioner, UPQC
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Fig.3-10 diagram of direct detection for specified harmonic current
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Fig 3-5 single-phase circuit of regular DVR
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Fig 3-6 Control schematic diagram of DVR in UPQC
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Table 5-2 Back board bus and diagram of other control signals
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CPU

AD
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DO
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EAEI
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1/O
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D15-D0, A CPU BOARD I DSP ff]
Wl B2k, IPREBAR R AR S
7, Tt

Hiu

20

A19-A0, >y CPU BOARD _ DSP ]
Mtk 228, CPU BOARD #H, JHfth
BRI, F T bk D

RD. RW. WE. RST. CS7. (SO,
CPU_BOARD #i H '] DSP 5 il & 28,
HAbdRF NN, H T8 5
DA R RGBT

CLK

CPU_BOARD %, PWM_BOARD A
N, HTRZ£4] PWM BOARD ¥
155 %

PWM 431

32

DS-O

DIN BOARD #iti, %} CPU_BOARD.
PWM_BOARD. DO BOARD A#i N, F
TRIWHERR, K8

CAP {55

ADC BOARD %4 CPU BOARD, AT
Wik 2 a DA K R e 4 ) ] I %)
i

AD Sync

CPU_BOARD 4 ADC_BOARD, FHF[7
54241 ADC_BOARD ) ADC SF4&

AD Ready

DS-O

ADC BOARD %5 CPU BOARD, FH-T-I
Wr ADC KA 56 i i BUBUHE AR &

GPIO

CPU_BOARD #irth, HAhM RN,
HoRNITUR &I, 5 EE
CPU_BOARD ] ELHH GPTO 7 =Ha il
AN ThRER

INT

DS-O

DS-O

DS-0O

DS-O

CPU_BOARD [ Wi N, FeAhiR
A IE R SR O IE BE A, LAk
I8 R 4 5 3B A1 CPU_BOARD 4b
B

INT*

oC

oC

oC

oC

CPU_BOARD (¥ IBré A , HoAdibRk =
RIS, AR R
i SR

+oV

15

BB RN 5V YR AL, BT R
RH B 5V

ADE 15V

ADC_BOARD f#74 15V i34 e i it
B, H7 ADC BOARD f# FH b+ 15V

245 GND

27

PITA AR R R, b P YR
A 5V FIAD 15V [¥) $ 3




24V YR IE s L EE, 5 DO_BOARD

v 9 N (I 247

e 24V RE S VER S LIRS
MRS GND | 9 v SRS, B B .

By AT IR B2 18] 3. 3V AP, 1F
iEE3.3V| 3 J J J J J ety
DSP JTAG | 8 J - - - - CPU HJ JTAG 155 51 EE R
FPGAJTAG | 11 | v | v | < | & | v |LCAEJTAGHIAS BEESIRSIE

R

AH 1

MEREL | 192

2) EER KR

CPU_BOARD #X :

7E ez g5, CPU_BOARD fE N FE W4, @k 8477 20j 1A ADC_BOARD,
PWM_BOARD. DIN_BOARD. DOUT BOARD %M i%#%. CPU_BOARD AJ LA = 3 %6 ) HoAth %
#, WA DA AR & 1) h W5 5 F 256 H B4 .

CPU_BOARD Yst4E ADC_BOARD #§## DL /% DIN_BOARD ##s, WEBZITAbFE ), HAbFE
48 3% 25 PWM_BOARD LA A2 DOUT BOARD %t AT £5iE — > FAFR 4 H

CPU_BOARD i it M1k o 2 81 5 - SR D ReAR K Uy i) ik, R B ORAEREA U o) ik 72
DSP 7% [ 45 X6 W 1717 HL M —XF L5 AT LA o %2R D BEAR < ARAE Fe 00 [l ik, 44 20 A7
JE I, CPU_BOARD it A PAHEAT 15 1] BE % CPU_BOARD K s A7 i 2 52 i 15 e
FoAR T REAR R m] DALE et b S OEHE o I AT DA &880 R L SRAM.
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CPU BOARD FJ L ## i@ ik RS232. RS485. CAN. LAN 2645 HoAh ik 4% .

ADC_BOARD £ E/EH:

1. I AR AR R AR &

2. AT DL I PR A B R, BRI RS S EE BRE T, Bk
H SRR,

3 A DU HUR AR 5 14T HOR A 3 B BR b A 2

4, AT DA BEAOE 5o 2 A 5

5. A DUOSEADME 5 B 15 SR, BARIE S B IR R

6 A DL SRS I S 2 22 4 ADC SRAEMR ) READY 15 5S4 H!

7 A LUE SRS T oo de % 10 fai th DA 5 CPU_BOARD 18

8. A LA 7 XTOINT {555 CPU_BOARD J& iH;

B SES A 2 USRS 3 I00, G0 SR eI 7 R AR B AS T, IR A A FAREER AR FEL R,
R S TR A DB50 2 ARRIT] . iRt R 2R E T, AT 2R
FEAH N B RAE FLBH, SR BEAE 7T DA T IR £ R4



JROK A 5 32 B R T4 T AR IR S o R TRAEL, 456 ADC % A\ 30 R E A7 TR FaL BEL AR BEL
%5 2501, 25 H AT R SE = R JE B -311 4311, f£Beas 4 Hya -2V £ +2V,
W2, SEEEAS FREERFE R, [FIRDRHE 5 fR 2 0K 5 7%, HHAF] ADC 1.

54 DU A 75 2Rl 2 SO 1, TR RS )2 %, 1k ADC_BOARD &1t 1
R ACR A 2.5V PRECHLES, A XOAIAE T AT AR RS Ja R+ BV B+
~10V, JA#HMERESEERET - 5V, 2.5V A T2% 0 A, mREBFEmE, BaH
AT OGS AT R R, IR, MFR ST SRR, ARG S
HRIE PR M . ADC_BOARD L1 T 6 it T b, Horb 3 Bkt FHREFE T 2. 5V
bed, T HEE RN T AR, Fak 3 B A L S, A ST £
0 FEL B

855 Ui, fEAALA 3 RhikFE, B 6.4KHZ, 12.8KHZ, 25.6KHZ. JEiLiEFRIE
BRI TR, RAATTSERRIE R

DOUT_BOARD % ¥ :

CPU: >RH T ALTERA HJREX 3 &7 FPGA- EP3C25F324C8N,

EE RN 22 B%, SR HCPL-3120, Hf5fkm 1A MUKBhAE )7, DMEKPE B R3],

JCRRAREL S 32 1%, KM AQW280, W LABKZN 350V, 120ma k.

JL 54 1% DO #2101 (EFE 22 Bl A 32 BRI ), KA DB-50 EE¥, 5lHIFRS 1
K 2.6 flT7n. Ak DOUTX FonfiiE 10 1, PWMX FoniEiE 10 O

DIN_BOARD ¥JR 58 OA4A

CPU: >RH T ALTERA FFEX 1 %11 FPGA- EP1C3T144C8;

HRENRE: 72 B DI A5 S A E &t PC8T4 AT IR S

e Horp 32 B4Ry PWM S8l 51 il Kk4eid DIN BOARD ) FPGA W,
B %144 PWM_BOARD B3 DOUT BOARD. #4h 40 BZM@EM 10 WAL, &l
DIN_BOARD PN B2 48 F & 1% 45 CPU_BOARD;

i N LR VS 58 BT R T ULN2804 = WA FE AR B, e K ] LAl 5V-30V;

L 72 8% DI 210, SRA DB-50 Ji2+, 5lAs5 i 2.7 Fis.

1. ATLAEESZ 32 B% PWM HBUES, HIE SIRE AR5 EHH%4 PWM_BOARD,
DOUT BOARD. CPU BOARD:;

AJ DAERZ 40 BRI 5V-30V Y1) FEAE 5, 5 AMTE 5 85, FPGA $21K

Al LUEE PRI T OGE#E 10 fii i 2hRES CPU_BOARD J& il
A LUE A R XTOINT {55 5 CPU_BOARD i@ iR
PWM_BOARD Zh 444

PWM_BOARD =1 FH «
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1. $20x CPU_BOARD ##fs, 7=AAHRS 4 3T, PWM_BOARD JB4F R Beff v
ST H s
 FZUSC DIN_BOARD [ PWM 4155, 421l PWM 2% 1k H 5
« AN 3 B PWM AR, RIANT 54 B% PWM B B R AR RN
« PWM FARER AT LU it 10 1% £ L FH SR IE B FPGA 1 10 #Hil;
v AT PGB PR AL R S B 10 Hr it ThAg S CPU_BOARD @R ;
AT LA FAR XTOINT {555 CPU_BOARD i i;
T AT PWM A B A RSP, TR T4 PWM iRk, PWM iRk PWM
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Fig 5-3 Diagram of Monitor system architecturefor UPQC system
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2. PLC 5 EfUHLIRIE RG AP TE, DL RS485/232 Whi/E NEEA B, FFAE
% BB E A S EE T, DL PLCOIRS S B EIRS EAHLIE TS R G h a4
TN, I LA I8 A5 P Sy B Al 56 O F 2 1 D) R SE I o

3. HdEorak

ESREEGEEEP AT 4 225 B (Infomation) .

1) B E PO (file)

F T2 B In) B AT ATLAR I8 A7 it 28 B AE O AR PR Ik T Bk PR BT s ST A

AR XS MR

2) B EAIREAE B (status)

F T 0] EALHUAE 3 B I &A5 5 T R ERA B E S REE R

HIFA . RS, PLC

AR XS R =

3) ZEEIHEE B (message)
TR E I EAr LR B R, &%, DAGREEEEER.

RUFEAT . FEHEE, PLC

ARG S I

4) EHi| 4 (command)

T LM dEE R iEEHEAE . BsiE4S 55 & E A4

IR 4 SEEARE I % E KR E I Socket JEAT RKIE 5L

5.4.2 BIRLE

B SRR Bl S5 i 3

Wavedata{
long head //4byte £k [ 2 4’ ELOP’
int purelength //2byte {$1ii K sizeof(Wavedata)-6
int padding0 //2byte FFXF5F
char[] metadata //3¢¥JCEHE

float[][] data /TP AR
18+ Bytes

B RS Bt R A b Hodls g By 3



Status{
long head//4byte 11,3k [# %2 A’ ELOP’
int purelength//2byte {§fifEL K sizeof(Status)-6
int padding0//2byte 1%} 5%
long long timestamp; //8Byte A [F] &k
char type;//1Byte %% & 25 #Y
char(] padding1;//7byte IHFE{R B 5Bt
struct{

}// UPQC R
}24+sizeof(DVRStatus/UPQCStatus)Bytes

HrpupQC PR EHR L M W T

UPQCStatus {
sign char out_temp//# iR &
char out_humi//# B3 &
sign char in_temp0// N EBIRE 0 SHE
char in_humio// A HIEE 0 S4E
sign char in_templ//WHBHEE 1 545
charin_humil//HHIEE 1 546
sign char in_temp2// N EBHLE 2 SAE
char in_humi2// A HIEE 2 546
sign char in_temp3// A& 3 548
char in_humi3//W#HR A 3 SHE
char system_status// R Gtia T, AMZEHA &
char[] igbt_status[10]//fi# RERE 4L IR 7S
char[] power_status[10]//Z R IR S
char[] cur_sensor[14]//H i f5 iy
char[] vol_sensor[7]// . A% 4%

}//54+byte

L T A R QT A A i



Alarm{
long head//4byte 33k %€ A’ELOP’
int purelength//2byte {#{mjfl1 sizeof(Alarm)-6
int padding//2byte X 5%
long long timestamp; //8Byte i} [A] &
char type//1Byte %% & 257
char(] padding1;//7byte HFE LR B 5Bt
int atype//2Byte; A
int source//2Byte 2R
char[] reserved//36Byte & 7B
}//64Bytes

B MBS SR Kt 25 ) 2

Message{
long head//4byte fL3k[& &N ELOP’
int purelength//2byte K sizeof(Message)-6
int padding0//2byte 71X} 5%
long long timestamp; //8Byte - [A] &
char type//1Byte & & 237
char[] paddingl;//7byte 3EFARHFE
int mtype//2Byte; JH S2EH
char[] reserved//38Byte %8 FE&
}//64Bytes

B P 4 SR QT R A5 A ) 2

Command{
long head//4byte ik “ELOP”
int purelength//2byte {§fii LK sizeof(Command)-6
int padding//2byte 771X 5%
int fn//2Byte; IhEERY
Int afn;//2Byte T-ThREERS
Long len;//2Byte J& % I EHE K & B A7 715
Long[ldata//2Byte Ji 4L S BR ¥

}//16+ Bytes

FN 32408 H, MR EIMRAL

15 £37-12 £z :

0000-0011 uPQC il
0100-0111 DVR il
1000-1011 uPQC &), i HE

1100-1111 DVR T if) X &
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Table5-6 Zero crossing compensation experiment
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