5548 45 5 4 M RN ERBEY D EH Vol.48 No.4
202042 H 16 1 Power System Protection and Control Feb. 16,2020

DOI: 10.19783/j.cnki.pspc.190402

ETF E S D AR BT 5

g ok, M 4R, AR, RERY, NE, THR, FRES

(1. B M grReEd N3], 7T #K 053000; 2.4edbd ARk Fba R 58 F Ti2%%, 7T %KL 071003)

WE: BEIRACH R AT W AR R R R G S T R AR, AT, R T AR Tk, SR AE
BRI R RS H L, H TN W) 5 AR R RGP R AT s A AT T b FIH—Fr s =Bk
HEFHUAFEREA, BILNHBWNSHRG T, SHEARFREEE, @ T AR MR,
FETIHKR, NI ERRAENNTT RGN 3= 8. )5, T Matlab FAF6ILE2E R TAT RS
PiFoiT. G5 AR, AT DO I /N v ) 0 A R8T e A5 T W) 45/ B 22 R UK 7 SR e X — e — @ R
BRI T BB AT, AL BERAS B T AR A

KR EHWH 4R R AN B BaEM; ik

Research on energy storage buffer based on DC power packet transmission
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Abstract: The dispatching system based on power packet transmission in the DC distribution network realizes the
efficient allocation of electric energy. However, due to the intermittent nature of packet energy supply, the problem of
energy storage buffer becomes critical. This paper focuses on the analysis of the energy storage buffer capacity in the DC
power packet transmission system. The first-order circuit three-element method is used to derive the capacitance capacity
expression, which is applied to the power packet system to obtain the buffer capacity range, and the relationship between
the buffer and the load is established. Based on its relationship, the problem of the number of loads that the system can
accommodate is analyzed from the perspective of time division multiplexing. Finally, Matlab software is used to
theoretically analyze the mathematical relationship. The results show that the demand for more loads can be met by
reducing the payload duration of the power packet and the like. To a certain extent, this research has reduced investment
costs and enabled the effective use of power resources.

This work is supported by National Natural Science Foundation of China (No. 61501185) and Science and
Technology Project of State Grid Hebei Electric Power Supply Co., Ltd. (No. SGHEHSO00FCJS1800274).

Key words: DC power packet transmission; buffer; capacitance; time division multiplexing; load

0 3l

LA, B AT KRR TEA TR A
REUR CLICTAFF S L AR BRI K, Ak, KA
HE~ URE S 9 BESE T A REVR 1 /5 5K i H 2 4 K
N FEo AT A REUAE O R L AL RE,  FLU
FCHLBARBLIN A 32 22 53, L ke AT

HEB: BRAAAFALRE F8h (61501185); BT
b2y A A PR 8] AL TR B 84 (SGHEHS00FCIS1800274)

TAEGE AT FEOR B, AR B B AR, 1M
HIG ARt B ik shedg . il b
INARCIEE AT 5 < NP R WG R NTET] U S AR e
(), T ELURC L B BRI /N HLRE TR e
(LIRS YN 7 D PR A i1 LA B
LU AR GUE D TSR, O T AR
AT REV T BOATSEBLRSHEGL L, S —Flop B X e
HRHE ARG, M A /g
D153 AR BE R GEvT UL AR S AL gy, A2 s
B HL I — Ry R,



[

BT L) 2 AR K A7 ik RERIE 9T - 119 -

SCHR[STAE SRk 4L IAEE T, S —Fhi
B RGP DU Rt SR NS, K DL PO A i
S5y 2R R s 1 2 Al iE b, SEL T
SR TR . SCHR[16] Rl Y AN A
DA SE I W H 103 A ELIAL ) 2 4L R
FEAATI . o AR AR G AT DLSE AR R
Fa e AL AR R AR S (K LA BB (K o AEA%
ZLRIEE RS, R amreE e, it
FESEMRAE L B S B . il
RGUEZ ARSI Z A E a1
AR, IR A St FUA R A i Ay, Bk
SRR IR, SRR A . SCER[OTAN
SCHROV 7R e AN % s O AL AR DhREREAT 1 1
A2 SCHR[18]HR Y T A i 2 R A, ml
L AR RUE U K, SEEL T AN i
o RS = T, NI SEAT A ] T ) AR REYR
IASCHR B R R B R RS
1T SCHR[19]HH 3 Y — o A 28 I 2% Ak i ) 20 2. 73
FCARGE, Al LI 2 A h s s i D B H 4
B JF DB Hh IR P AR v g 2 oAb % ey
I RE T, 2R SR AN 24 AT L
AL TRELE, BIE T HAERE.

HI - HUR AT RN RE S, T REIRITANRE
e A, Bk T oA ORI R C H E
A, FIRAERERARM S IR TREISGER, 7E
NARGH, AEREBOAR ] LU SIHI ALY . - 40]
AU BB SR REU IR AN RE ST LK s
AESCRIGAERT, I HAEZ A4 Th g LU 2,
FERI SRR G, BT AL i T s,
I L PO IR (RIS A ik RE PR N T T LU
B HAZ I e SCRR27HE TN T i BEZ2 A7
&% SEBLT BN B RN IRE S AR g, T
W T AR AR HE, IZSCHRRREXT 224
MR BATIAL, RABIEAENTE AR ZIE T, —
AR e T LAIRJ Iy DAy 22 20 i g4 H R ]

BT EIRIR L, A SO FEN B ) 2 AL AR
TR AE S R RN AT 9. FIH] = B
H T A S B MR R R ARIE I, JFE S 2
Ty HARGE, WD EHEARIMAE, 734 T 6
A GORPE AR S N TRV S5 (R R %
Ao FIN, HAEHICRABAT T2, Sk
ZPRAUESE T2 AN AT, ik 2P
B AR I 17 L BT

1 BAOSEERMARGEE

1.1 RGEM

W AL RGN 1 PR, ZRGHE
FE—ANEABE. 2008 2% R
TR b o, TR RS A b g 2 1) pl R o i
TEL O FL U A P e 0 o VR AT 2 e e i LT AL T
X, RN BT . bt 2, R
FHIS 43 SR HAR, DS HL 5 2E 17 2 4 ) B
UAEH. Horp, SN N — N E R, HLt
I BRI . 2 S 6 PR B ) A AR
T, AR Bk ri e R4 B k. ik
Ab, ATIE I E AR R T T
Jo LR SRR AR, O T AV HAb gk
Ry R R, T R INA A 2,

[ o — s — sz

B 1 BAOSHEERRFRE

Fig. 1 Power packet transmission system model

1.2 BEh8%H

oA S RS G, JFUEIR B ME
REI. A HwmE 2 frx, —Ad sk
L AT R =, o, SkEA R
WY G BAREE, SKIBEFE LGS B bl A H
PHbEAS B, R s s . ARk
far 5 EAL T S RS EAR 2 DL 2
5 [F)— 3 2 DAH R R sOR AT R85 590k, Ak
Ay T A5 1 H R mT UG ok SR A e Ay 1)K
ST, BRI A B8 I R R )

HEA e 14N 45 >
| |
DR E) DR |
S T 7 A L

s )

E2 mhBLH

Fig. 2 Power packet structure



-120 - ® LRGP B R

2 BERABHH

FAE T AE R8T, B 1 a] DLAERCA 15 57
—Ir e, i 3 ios. BT EERH R RKon AL ik
EHRH, HAR C KRRy, HFH R R A
BHo SEFr A HLgs s BEA A dk, XA B3,
e, ASCK % B B AR BH DL 0 T R 2, JF
HAZRER AR, M H PR o TR .
KT K, AR =B RZ U T . — B
HL B B R HUA ML £(0,)  FaAMH £ (o) R
) E r, =R H

F(0)=7 () +[£(0.)= f(0)]e " 1

R

O
L =

L = []&

3 BABIAERGENERE

Fig. 3 Equivalent circuit diagram of power packet

dispatching system

2.1 BARHE

FR B H ) o AL BE R IR BE, 7EFE )RR 2
IREE AR AT, SR I TT AW TRIR A, DR
A LAS B AW R W AG(E . i BIA B A%
I, 2% FH A AR A bR 2S5 BRI G, TR
W&, A TRERE, WS
IR 5 =R, C » o R, Fon it Ji ML ZE € Fidk
J P A p S5 LR

FEHNZIM = E R,

Wkt
U.(0,)=U,(0.)=0 )
Fadsti
RL
V=) =2or " 3)
e 46 5

e ch'JEE'fﬁTEEHE, V oRYEHE; C HHEHH.
¥ ERESHANK (D), RS

R 7t1(R+RL)
Uy=—2Lt—V|l-¢ *&C (5)
R+R,

A, A LN
2.2 HRME

HL TR IS I 0 AT 70 5 e rE I 2L, B
okt iy, FFocah T IA IR . S
MBI R G B, Fomizi i fsmai i, Jf
KW T

R ) =R .

WA
RL
U:0,)=U.(0.) =2 ©)
Fazs i
U, (oo) =0 @)
INNCIRGE
r=RC )
AR, 1
Up =t e ne )

R+R,
s Uy, MU ¢, A [A] .
AT T, AaPE SRR 9) 2 Ak i A

LleV(l—vej (10)

5]

U, =V-e" (1)

2.3 BREERIHE
MHEERBALZI N, 2r=V/V, Hrh, r &
INTEVFRLIERE, VRN AR, V&R

MR, ¢ A8, o i ACe I ). R
A (10), FFLfjpAsf, 152
t()l’l

= Rm(1=n) (12

T LA, IR, ST
Be. 0L R R< R, BT Lk AN T L 7
WA, B1r, <7, (1, JoHZEsOamt ). mis(12)
WS

> toff (13)
~ RIn(1-r)
B R< R, WG RN A
>t (14)
R In(1-r)

& B 55 SCHR (27070 1R 28 v s oL 7 3 [ O —
.
2.4 WMo NAPER

IR AP AR, 5 RETRIRI A BEA R



[

BT L) 2 AR R K A7 ik REBIE 9T - 121 -

K. [N 225 R R AL n AN ERAE R — MR
g bftt, BAEARERAD, Bk n A AL
CWALtipUR i SRS S DR DA e o SWA L il L TR S ) PSR
n A At A2 2B, WK 4 pr
s YR I TR T A

zn:ton, +”(t1~+tJ€):T (15)

i=1

s 1, FORAEEREY SR i AU T B AT
] FFELI ] o

4 =P EHRFERERT

Fig. 4 Duration representation in one cycle

N T A R R BT, AR i
IR n A S IAT AT FF B N )AL 25 )
TH I SER I ], RO .

Lo, +lon, +oF <l

on on

tonl +t0n3 +---+t0nn <t0ﬁz

(16)
ton, +1, +-~-+t0“n < toff,,,.
tcnl +ton2 +"'+ten,,,1 <toff,l

R 6 AP TN, 13
(n_l)(ton] +ton2 —i_“'_l—ton”)<toff1 _I—toff2 +.”+t0ffn (17)
B — [ A, b T A% LR AL n
AU, 2 S n AP IR LAY
AR TS0 T, SOBon] AR T AR WA 514K
)RR I T A5 AL <
tyy, <—RCln(1-r)
tyr, <—R,CIn(1-7)

(18)
ty, <—R,Cln(1-7)
A8y h & A, 14
Ly, +lor, Tl < 19)

—(R+R,+--+R )Cn(l-r
1 2 n

g AN (19), 7
(=D, + 1oy, 0 1 ) <
—(R,+R,+--+R,)Cln(1-r)

D 2 W e 726 o (R

2R
n<—-1 —Chn(1-r)+1 (21)

n

2l

JIT LA n BRI R 202 DI B R HU R
3 RELSHh

WL E— i RHE S, BT B E
HILE L AR AR RELAFRT H 0 0 A A R 82 T TR) 2 T £
HEE SR, AR F ] Matlab 47 BRI EE: 6
RIATRE A U RIRATE
3.1 ABMAESAHNMHZERXR

B A B EAAR], BIR =R, ==
R, =R, HBHMEIEHE A 100 ~500Q, BASHFT]
HVFHIERE r=0.05 o BRS¢, =

(20)

by, = =y =l » HFEE=AMHE: 500pus 1ms .
Sms o MR (14) LR LA A F, & HL&
C,=Cy==C,=C=4T70uF . & 5 EXXWH K

R I IS ParLUE Y, A R 54t
I TRIAH RN, BEE R R AOME Iy B 1, it
VR PR & — AR LRI, TSP ROR,
ARG IR E 2 7. oh, A,
o, TEHOR, WA h i B b

” n SRR R BERR
5 T v T v

Y 4+
—p— 1 =1 s
20F —— i, =500 3 y

450 500

100 150 200 250 300 350 400
AT RO

5 AHBES LBz ERXR

Fig. 5 Relationship between load resistance and number of loads

3.2 BYHEHFERES AR BRER
WA EBLEME, B R =R, =--=R, =R, %

E=AME: 50Q. 100Q . 300Q o A [H]



-122- ® LRGP B R

K 1, =t ==t, =t, » A& H 2
250 ps ~ 1 ms o HARE I BOE [F] 3.1 15 —FF, REFA
Ao V&6 AT AT RN ) 5 AR A E e 8] 7
HARIR. WK 6 RTLUE L, FEPHE En,
WA FF SN A I, A B> . BbAh, 4
RUABAT RREEIN AR RIS, Bl SR 8BB4
WABCRILIE . ik, ECA R
(LT WAKEN NS T S ik = AT 5 A S =4
Ao RN ) N 1 /N2

, n ST T 1 B

—&— R-3001(2
—&— R=10002
25} & Re500) | 4
201
< st
10F &
—i
sl a—a i ST
A& —8—b__
bt  Teaa b
0 i i i i i i i
2 3 4 5 6 7 8 9 10

R ] 1,5 10

E 6 BHBEIFENES HH M ERIKF
Fig. 6 Relationship between payload duration and number of loads

[, 3dsk =15 ny DA e £ 4 PR ) P e
e I 6 T ISR, fEtFHAE R 100 Q K1
WUF, A1, =t, =30ps, £, B 300 ps. 500 ps. 700 s

X N RIS 170 10 0 3.24 ms, 2.8 ms. 3.04 ms.
SERRW, SRR, SR A R A2 A R
PRI TR RN SR AN B AN A BRI
3.3 AIRFHERSE NN EHXR

et #r, WHEPHER =R, =---=R =R,
EZAME: 50Q. 100Q . 300Q . HRE Y
SR E ¢, =500 ps , FRAMEIREEAAS, B C=
470 uF o WAV B AR AT L - = 2% ~ 5% .
Bl 7 ST 28V RS AR B BN B TR IR L R
M7 T AR th, B AT AV R R BRI N, A7
BB W2 . B, o7 DUE R A T AV L
B, SRORUETE 2 S0 E #1817 .
3.4 BAEAHNMKZERXRFR

4r=005, R=R,=-=R =R, t W=/
fii: 250 ps « 300 ps « 500 ps o CHL=AMiE: 330 uF .
470 uF « 1000 uF o [l 8 0 #7 T AR 2E 5 713K,
MK R B 8 T LA, kb —
SEIN, BEAE ARG N, AN B Ss N, thah,

R R T R SRR, 37 S AR TR AN A
2L, Prifs AR,

n SEIEERIRRE r IR

15 T T __/

10 ¢

5F B

i L s B
]
=

0 L " . L .
0020 0.025 0.030 0.035 0.040 0.045  0.050

AT LR RE -
B 7 AIRTRERSAEANBZERR
Fig. 7 Relationship between the allowable voltage drop

and the number of loads

450 500

5 i i L i i L
100 150 200 250 300 350 400
RQ

El 8 BRASHHNMHZEMRF

Fig. 8 Relationship between the capacitance and

the number of loads

g BT, BRI, T
ARG, AR HL AR S0 S 2 im 3 AN [/ 1)
ST o FL AR IRV RRE 2 52 B AR G0 P ARSI R (1 5
FEASEBOBLT . Dk, o TSI A 2 A BERE
SCOLES IR, AR T E, LA EE
PR 2 SO B . 2 RS AL fnd R AT 1
W26 R IR N BT IR FRL TR 7 I I, R 13K
(R ) PO R 5 VAU AL )20 I ) P AR R e
AT IR

4 it

Iy T A AR AR AN, A 45
FHIFAE, SM4T T AP A S 2 X 5



[

BT L) 2 AR R K A7 ik REBIE 9T

- 123 -

o, K A RGAERC — i L,

TAEF ELT AU, R ] = B3R H s 24T 7>

., A EXRRIEA Hx, NHRR5H

HERGT, HESHEAraAEEH. &5, FH

I SRR, BRI B KR, 7]

BV FEARE R, MR T A7 e A T LUV L

ANIEH AT I IR 7 B AR SE T )

AIATEE,  JFAS AT DA N ) AT R A I (]

B R e T AV R M AR I T A A 1) A

A BRI o2 . 534k,

T AR, MRS — 2R, K

BE U AE AR 8 e BR B o IZVE N Z I (e ik

REJT T AT AN SR 17— e ik ds . b,

TASCRA MR D Gt AT A4, R G BN B

BOTHBRA, A7 ESCBUHE 2 i, 2

JE A e BOE LIS N2 J5 U RAS, ASAE BT

0T Qe A 280 B2 R D £ )

SE 3k

(1] wRHedts, xifh, S/, & FralHRm RGN E

T TT RIS A1 B N I [T]. BhB25 B17, 2018(3):
33-35.
WU Yanyan, LIU Wei, MA Xiaoqin, et al. Introduction
and application of DC converter for UHV DC transmission
system[J]. Science Technology and Innovation, 2018(3):
33-35.

(2] Bk, s, FokE, & HRIHMNIRIRE RE
[7]. BHL A 4R, 2018, 15(11): 60-62.

BAI Bing, CUI He, WANG Shuhui, et al. Research status
and prospects of DC distribution network[J]. Science and
Technology Innovation Report, 2018, 15(11): 60-62.

(3] #REL, S, FIOW, . bR E R R G i
JEACESHT[I]. T 407, 2018, 31(12): 134-140
XU Qi, ZENG Jie, ZHOU Wenpeng, et al. Fault overvoltage
level analysis of medium voltage dc distribution system[J].
Guangdong Electric Power, 2018, 31(12): 134-140.

(4] REIED, WAL, HEE, & HIBAERER G H AR

W 2 R ORI A AR, 2019 56(16):
26-31.
XIONG Zhengyong, MIAO Hong, ZENG Chengbi, et al.
Considering load property of the energy storage system
of DC power distribution network integrated optimization
[J]. Electrical Measurement & Instrumentation, 2019:
56(16): 26-31.

(6] REntH, B>, sk, . UG H RLER ST
HIRFST[I]. A RYEHIA, 2018, 35(11): 131-132.

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

TANG lJingrui, DUAN Xunxing, TANG Dong, et al.
Research on DC distribution network in smart city[J].
Telecom Power Technology, 2018, 35(11): 131-132.
WG, TS, AR BT S A
AR e M A SVR (Y] B RERY S I,
2018, 46(8): 103-109.

XU Mingming, WANG Peng, GAO Mingchun. A fault
location algorithm for the single-pole-to-ground fault of
DC distribution network based on power flow calculation[J].
Power System Protection and Control, 2018, 46(8):
103-109.

Mo, Ei%, VR, 5. % I8 13 KK -3 ik
Sotar T [J]. ) RGERY 5 ¥, 2018, 46(10):
68-74.

LIU Huijia, GUAN Xin, CHEN Bo, et al. Load forecasting
for active distribution network in the presence of active
demand[J]. Power System Protection and Control, 2018,
46(10): 68-74.

ZHANG D, LI J, HUI D. Coordinated control for voltage
regulation of distribution network voltage regulation by
distributed energy storage systems[J]. Protection and
Control of Modern Power Systems, 2018, 3(3): 35-42.
DOI: 10.1186/s41601-018-0077-1.

FUJII N, TAKAHASHI R, HIKIHARA T. Networked
power
routing[C] // 2014 IEEE/SICE International Symposium
on System Integration, December 13-15, 2014, Tokyo,
Japan: 357-362.

NAWATA S, FUJII N, ZHOU Y Z, et al. A theoretical

examination of an unexpected transfer of power packets

packet dispatching system for multi-path

by synchronization failure[C] // International Symposium
on Nonlinear Theory and its Applications (NOLTA2014).
IEICE, September 14-18, 2014, Kyoto, Japan: 60-63.
ZHOU Y Z, TAKAHASHI R, HIKIHARA T. Realization
of autonomous clock synchronization for power packet
dispatching[J]. IEICE Transactions on Fundamentals,
2015, E98-A(2): 749-753.

PRI, RMWVE, AT, BF BHRR ) AU R EOR
WiELRd 5 ELT]. HIMER, 2019, 43(3): 989-997.
LI Baogang, YAN Binyang, DONG Ruonan, et al
Review and prospect of DC power packet transmission
technology[J]. Power System Technology, 2019, 43(3):
989-997.

TAKAHASHI R, AZUMA S I, HIKIHARA T. Power
regulation with predictive dynamic quantizer in power
packet dispatching system[J]. IEEE Transactions on
Industrial Electronics, 2016, 63(12): 7653-7661.



-124 - €0 RGP B M
[14] FUII N, TAKAHASHI R, HIKIHARA T. Application of (23] PO, BB, ZRE, 5. 5T ERE B MRk e
power packet dispatching system to stepping motor Rl 7 A7 B A R IS WE SR [T]. L D H R, 2017(9):
driving system[C] // The Papers of Joint Tech Meeting on 11-14, 23.
Electron Devices and Semicond. Power Converter, IEE HUANG Wenjie, XU Xiuhua, ZHU Qingrong, et al.
Japan, October, 2014, Japan: 53-58. Modeling, simulation and experimental research of
[156] MA J, SONG L, LI Y. Optimal power dispatching for energy storage battery based on DC distribution
local area packetized power network[J]. IEEE Transactions network[J]. Electrical Engineering, 2017(9): 11-14, 23.
on Smart Grid, 2018, 9(5): 4765-4776. [24) VUit f7ER3S, A, 55 2T OOEBEEILN A
[16] TAKUNO T, KOYAMA M, HIKIHARA T. In-home A3 2 IR f RE2E I s R MK EMI[T]. P&
power distribution systems by circuit switching and AR 51, 2018, 46(5): 68-72.
power packet dispatching[C] // 2010 First IEEE JIANG Zhuohan, HE Yuqing, CAO Lilu, et al.
International Conference on Smart Grid Communications, Reconfiguration of distribution network with distributed
October 4-6, 2010, Gaithersburg, MD, USA: 427-430. generations and energy storing devices based on
[17] TAKAHASHI R, TAKUNO T, HIKIHARA T. Estimation improved genetic algorithm[J]. Power System Protection
of power packet transfer properties on indoor power line and Control, 2018, 46(5): 68-72.
channel[J]. Energies, 2012, 5(7): 2141-2149. [25] T7kl%, PMEBI, ik, 5. B8 m M b6 ek AN H
[18] REZAC M F S, LU D D C, QIN L. Single-inductor TR B 30 a6 AL T iR SRR (D], v B L R AR,
multiple-source mixer for DC power packet dispatching 2013, 33(7): 33-41, 21.
system[C] // 2017 IEEE Second International Conference WANG Chengmin, SUN Weiqing, YI Tao, et al
on DC Microgrids ICDCM), June 27-29, 2017, Nuremburg, Summary of energy storage technology application
Germany: 553-557. planning and its benefit evaluation method in smart
[19] TAKAHASHI R, TASHIRO K, HIKIHARA T. Router grid[J]. Proceedings of the CSEE, 2013, 33(7): 33-41, 21.
for power packet distribution network: design and [26] BEF, . EReHARAE ) ARG BRI M b ) .
experimental verification[J]. IEEE Transactions on Smart FHERIT[I]. IR, 2013(24): 200-201.
Grid, 2015, 6(2): 618-626. ZHAO Ziling, DAI Tuo. Application of energy storage
[20] /52, 8A, SR, . o0 =X H IR it Be e 1) technology in intelligent microgrid of power system[J].
B HL P 23 BB A s AR [T]. FRIEA, 2019, 43(2): Electronic Testing, 2013(24): 200-201.
434-444. [27] TASHIRO K, TAKAHASHI R, HIKIHARA T. Feasibility
LU Yi, DAI Yue, MA Weizhe, et al. Distributed dynamic of power packet dispatching at in-home DC distribution
optimal power flow of distribution network with network[C] // 2012 IEEE 3rd International Conference on
distributed power supply and energy storage devices[J]. Smart Grid Communications, November, 2012, Tainan,
Power System Technology, 2019, 43(2): 434-444. Taiwan, China: 401-405.
(211 7nfh, BhEM, ROV, &5 MERERORE TS 7% [28] TAKAHASHI R, AZUMA S I, TASHIRO K, et al. Design
ZRR[D). [ A&R], 2019, 32(1): 29-35. and experimental verification of power packet generation
SU Wei, ZHONG Guobin, XU Kaiqi, et al. Review of system for power packet dispatching system[C] // 2013
economic evaluation methods for energy storage American Control Conference, June, 2013, Washington,
technology[J]. Guangdong Electric Power, 2019, 32(1): USA: 4368-4373.
29-35.
[22] BRI, Jost, A, . hsolmipkiematcnp BASEE: 2019-04-11: {BEIRAE: 2019-06-25

AW A, T AR, 2019, 32(5): 13-21.
GU Bochuan, YOU Yi, SUN Yi, et al. The power
smoothing method of community micro grid connection
line with virtual energy storage[J]. Guangdong Electric
Power, 2019, 32(5): 13-21.

EEEN:

l'é:] /7]((19827)a %a %"AT}:> —T—%—%yﬁa i—ﬁ‘/‘kf?%jVH'

BT & 78 fe i MBAK 5 & 89 TA4E . E-mail: dlkygb@163.com

(%R#E 00 T0)



	DOI: 10.19783/j.cnki.pspc.190402 
	基于直流电力分组传输的缓存储能研究 
	Research on energy storage buffer based on DC power packet transmission  
	[1]  武艳艳, 刘伟, 马小琴, 等. 特高压直流输电系统用直流转换开关的介绍及应用[J]. 科技与创新, 2018(3): 33-35. 
	[2]  白冰, 崔赫, 王姝惠, 等. 直流配电网研究现状与展望[J]. 科技创新导报, 2018, 15(11): 60-62. 
	BAI Bing, CUI He, WANG Shuhui, et al. Research status and prospects of DC distribution network[J]. Science and Technology Innovation Report, 2018, 15(11): 60-62. 
	[3]  徐琪, 曾杰, 周文鹏, 等. 中压直流配电系统故障过电压水平分析[J]. 广东电力, 2018, 31(12): 134-140. 
	XU Qi, ZENG Jie, ZHOU Wenpeng, et al. Fault overvoltage level analysis of medium voltage dc distribution system[J]. Guangdong Electric Power, 2018, 31(12): 134-140. 
	[4]  熊正勇, 苗虹, 曾成碧, 等. 考虑储能系统的直流配电网综合负载特性优化[J]. 电测与仪表, 2019: 56(16): 26-31. 
	XIONG Zhengyong, MIAO Hong, ZENG Chengbi, et al. Considering load property of the energy storage system of DC power distribution network integrated optimization [J]. Electrical Measurement & Instrumentation, 2019: 56(16): 26-31. 
	[5]  唐京瑞, 段勋兴, 汤东, 等. 直流配电网在智慧城市中的研究[J]. 通信电源技术, 2018, 35(11): 131-132. 
	[6]  徐铭铭, 王鹏, 高明春. 基于潮流计算的直流配电网单极接地故障定位算法[J]. 电力系统保护与控制, 2018, 46(8): 103-109. 
	XU Mingming, WANG Peng, GAO Mingchun. A fault location algorithm for the single-pole-to-ground fault of DC distribution network based on power flow calculation[J]. Power System Protection and Control, 2018, 46(8): 103-109. 
	[7]  刘会家, 管鑫, 陈波, 等. 考虑主动需求的主动配电网负荷预测[J]. 电力系统保护与控制, 2018, 46(10): 68-74. 
	[10] NAWATA S, FUJII N, ZHOU Y Z, et al. A theoretical examination of an unexpected transfer of power packets by synchronization failure[C] // International Symposium on Nonlinear Theory and its Applications (NOLTA2014). IEICE, September 14-18, 2014, Kyoto, Japan: 60-63. 
	[11] ZHOU Y Z, TAKAHASHI R, HIKIHARA T. Realization of autonomous clock synchronization for power packet dispatching[J]. IEICE Transactions on Fundamentals, 2015, E98-A(2): 749-753. 
	[12] 李保罡, 晏彬洋, 董若南, 等. 直流电力分组传输技术研究综述与展望[J]. 电网技术, 2019, 43(3): 989-997. 
	[20] 卢艺, 戴月, 马伟哲, 等. 含分布式电源和储能装置的配电网分散式动态最优潮流[J]. 电网技术, 2019, 43(2): 434-444. 
	LU Yi, DAI Yue, MA Weizhe, et al. Distributed dynamic optimal power flow of distribution network with distributed power supply and energy storage devices[J]. Power System Technology, 2019, 43(2): 434-444. 
	[21] 苏伟, 钟国彬, 徐凯琪, 等. 储能技术经济性评估方法综述[J]. 广东电力, 2019, 32(1): 29-35. 
	SU Wei, ZHONG Guobin, XU Kaiqi, et al. Review of economic evaluation methods for energy storage technology[J]. Guangdong Electric Power, 2019, 32(1): 29-35. 
	[22] 顾博川, 尤毅, 孙毅, 等. 计及虚拟储能的社区微网联络线功率平滑方法[J]. 广东电力, 2019, 32(5): 13-21. 
	GU Bochuan, YOU Yi, SUN Yi, et al. The power smoothing method of community micro grid connection line with virtual energy storage[J]. Guangdong Electric Power, 2019, 32(5): 13-21. 
	[23] 黄文杰, 徐修华, 竺庆茸, 等. 基于直流配电网的储能电池建模仿真及试验研究[J]. 电工电气, 2017(9): 11-14, 23. 
	[24] 江卓翰, 何禹清, 曹丽璐, 等. 基于改进遗传算法的含分布式电源和储能装置配电系统网络重构[J]. 电力系统保护与控制, 2018, 46(5): 68-72. 
	JIANG Zhuohan, HE Yuqing, CAO Lilu, et al. Reconfiguration of distribution network with distributed generations and energy storing devices based on improved genetic algorithm[J]. Power System Protection and Control, 2018, 46(5): 68-72. 
	[25] 王承民, 孙伟卿, 衣涛, 等. 智能电网中储能技术应用规划及其效益评估方法综述[J]. 中国电机工程学报, 2013, 33(7): 33-41, 21. 
	WANG Chengmin, SUN Weiqing, YI Tao, et al. Summary of energy storage technology application planning and its benefit evaluation method in smart grid[J]. Proceedings of the CSEE, 2013, 33(7): 33-41, 21. 
	[26] 赵紫玲, 代拓. 储能技术在电力系统智能微网中的应用探究[J]. 电子测试, 2013(24): 200-201. 
	ZHAO Ziling, DAI Tuo. Application of energy storage technology in intelligent microgrid of power system[J]. Electronic Testing, 2013(24): 200-201. 
	[28] TAKAHASHI R, AZUMA S I, TASHIRO K, et al. Design and experimental verification of power packet generation system for power packet dispatching system[C] // 2013 American Control Conference, June, 2013, Washington, USA: 4368-4373. 



