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Fig.1 Schematic diagram of DC microgrid
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Fig.4 Topological structure of photovoltaic unit
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Multi-mission profile reliability analysis method for heterogeneous converter

ZHU Wengqing',ZHAO Xibei',XIONG Yan’>,ZHOU Yuebin*,ZHAO Chengyong'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. State Key Laboratory of HVDC,Electric Power Research Institute of China Southern Power Grid,
Guangzhou 510663, China)

Abstract: Most existing studies on the reliability analysis of modular multi-level converter(MMC) focus on
the converters with independent sub-module structures. However, there is still a lack of effective reliability
analysis methods for heterogeneous topologies with low-cost and multi-mode. Therefore,the reliability analysis
of heterogeneous converter is of great significance to extend its application boundary. The characteristics of
heterogeneous MMC are summarized. Taking the embedded full-bridge MMC (EFB-MMC) as an example,a
reliability modeling method suitable for heterogeneous MMC is proposed, which considers the multi-mission
profile and the continuity of working state failure caused by bridge switching. By analyzing the different
operating states of the converter,the Markov model is established and its redundancy configuration scheme
is analyzed. Based on the simulation example, the reliability of EFB-MMC is calculated, and the influence
of the redundant configuration of sub-modules on its reliability is analyzed. Compared with the traditional
models, it is verified that the proposed method can provide a strategic reference for the reliability analysis
and redundancy configuration of the heterogeneous MMC with multi-switch state.

Key words: modular multi-level converter;reliability analysis;Markov model; multi-mission profile
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Stability analysis of photovoltaic DC microgrid based on virtual inertia control
WANG Jiagian',ZHAO Jinbin*,ZENG Zhiwei',MAO Ling',QU Keqing'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, Chinaj;

2. Offshore Wind Power Research Institute,Shanghai University of Electric Power,Shanghai 200090, China)
Abstract: Under the goal of “double carbon”,DC microgrid show low inertia characteristics, which adversely
affects the stable operation of the system. A negative feedback model based on the bus node conductor
network is established,and its equivalent open-loop function is used to analyze the system stability. Aiming
at the lack of system stability margin,it is proposed to introduce the virtual inertia control into the photo-
voltaic unit,which realizes the smooth output of bus voltage under the situation of large light intensity varia-
tion. Theoretical analysis and experimental results show that the proposed control method is effective in
suppressing the bus voltage fluctuation on the basis of ensuring the photovoltaic utilization rate.

Key words:DC microgrid;bus node conduction network ;small disturbance stability ; virtual inertia control



Btk A ERMEMELRE

R -
U, REHIR , S

Al BRSNS
Fig.Al Equivalent model of DC microgrid
Kl AL NE R M SRR, B k MR AR n A4S GVS Flm 4~ GCS, Ugs 15(i=1,2,...,n) 7 514
GVS; i L FLIE; Ugjs loj(i=1,2,...,m) 758 GCS; i N L « LI Rein L A1 Rojs Loj 231N GVS;
MIFT GCS; ML it FEFH . FLBE, SLIF)ZH 2k i BH BT MR 2% .
b o) 7 2 AR AR TR A 00 F1/IME SR AL 4y 3 2 (AL ATt (A2).

Al Yii G || Al
Auo,i - Guo-ui,i _Zo,i Aio,i

Aii,j _ Y.J Gii-uo,j Aui,j (AZ)
Aiovj Gio—ui,j _Yo,j Auo,j

;—Et[:l:' : AUL i;FDAiO’ i j’\j GVS; E‘Jiﬁéﬁ)\#ﬂiﬂ, Aui, j *HAUO, i ?\j GCSJ E‘Jiﬁﬁ)\#ﬁﬁj, Yi,i(j) :l/Zi,iU)j“jiﬁ)\%ém; Z0,j(i) :1/Y0J(i)
NPT Gicio Jyfi H FEIAT-H A R HIAZ I R E Guomuii AN HL - H FEL A% 38 bR 3 Gjiowo j 9T
A - FERE AL T R B Gionuij Y%A FEL S ) FELUALFR) 135 R 2

(A1)

B3R B fARIRRBARIE R -
KR @). ERARQ)S:

U = (Y| + Zanet)-lj = (Bl)
Yi-l( I + Yi>lchYn(el)>l I =
Y—-1 4
| +Yi-1ZaneI J

HRARAU(BL), 1 11 3 L A BR8P AR 00 S IR FRIRFE B Ay 2y FEHBER

BT Ny, -

0 " net

Bk C ARETEULHFRE

i =Nyl =N, e -1 (C1)

2R N AN 23 TR AR HLH (6 IBBOR B IR 1o ARUE 61 (G=1000W/m?, T,=298.18K) T Jtfk Hi
WA B FBIR s Lo ARV ST T 1 A MR s K B IR 24 9 $(1.380625<10 2 J/K); T ARGtk ke
(92 B B (A S i T=T,): q 9567 LA (1.60217>10 °C). %t al(CL)Zk 1Ak, 1BEDGR BB ITI/IME 54

itH

qUpy

; q i
Alpv = Np'On We,\l kT Aupv (C2)
BE—B ik, X(C2)A 5 N
Aiy, = knAu,, (C3)

3(C3)H BRI kpy TN



JOAR B ITTR I T U R BRI Gz, ARSI AR ROR DR s AR DA b T . HLIALR AL -

kov=—Q(N, Iy — N, 1., — 1)/ (N,nKT)

pscr

di, / Uy +iy, /Uy, =0

A Unp ATERI K T2 RUAL T FL T . K 5K (C) R (CB) A

R(CO)H RH Kp 9

Au, =K Al

oo (N,NKT /g)°
mp_(N| U yexp| 20m |- Y (kT 12
X| —
p On~mp p NsnkT Ump s q
B3R D RARBETIEIBERE
Zow = AUpvdc _ Sva(kpv - Sval) -1
™" Aipvie  SCouzSLov(Kov - SCoa) - 1]+ (1- D, )? (Kov - SCou1)
Guiow = AUpv _ (1' Dpv)
" Aipvie  SCovz[SLov(Kev -SCoi) -1] + (- D, ) (Kev - SCa)
T _ ﬂ _ SvaZUdc + |L(1- Dpv)
= Adpv - SCpVZ [Sva(kpv - Sval) -1] + (1- Dpv)z (kpv - Sval)
G AUpvdc —Ic [Sva(kpv - Sval) -1] + S(kpv - Sval)(l- Dpv )Udc
udpv = =

Ad SCpv2 [Sva(kpv - Sval) - 1] + (1- Dpv)z (kpv - Sval)

pv

FiR E XRRGHRIMEHRSH

( ecs Ubus e

‘ L | Rabalajs- 6cs
w5 J_| + loy Ry Ly | L
‘ Pv* Crlug T
32
| ¢ 7 Ro Ly 1 Ua |- Ry
S =T
llpv CT Ve I cPL
&) |

_
=Y |
|

I
B |+Rs4 Ly 1 _|T

I I

I|ES TCTIUy ( cPL

| = N ——
\ )

B E1 RRERME MRS
Fig.E1 Topology of PV DC microgrid

K4

RT-LAB {74l

E2 SWFAH
Fig.E2 Experimental platform

(C4)

(C5)

(C6)

(C7)

(D1)
(D2)
(D3)

(D4)



JEAR# TG R TBEA4180T A5 R, SN ocHIE 4 B, JFIK 20 B Boost A2 i a% SLIe 24
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xR E1 kReTIEASH
Table E1 Detailed parameters of PV unit

ZH Hifi ZH HufE
Ly 2mH MPPT #izlsF Kk 0.05
Cout 4.7uF Kopy 2
Cove 2200uF Kip 30
Ky 100 B, 5

= E2 fERERITIEMSH

Table E2 Detailed parameters of storage unit

E 8 S8 HE
Ry 0.1Q Ku_pb 0.3
Lo 1mH ku_ib 18
Co 600uF Ki_pb 2.5
ko 0.1 Ki_ib 20

#® E3 CPL BtitHEH
Table E3 Detailed parameters of CPL unit

28 HfE %5 HfE
R 0.5Q Kot 0.5
L. 1mH KoLu 10
L 1000yF Ugpl 140

® B4 MBLEKFEASH
Table E4 Detailed parameters of transmission line
S8 HfE SH HfE

Tine 0.3Q Liine 1.25uH
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