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Fig.1 Circuit example and its equivalent circuit model
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Fig.2 Schematic diagram of solution calculation
for control system and electrical system

2 REEESBERZE

2.1 BB TRAE
HL AR G YR i T SR BT 20 (2) I i T

i 22 00 A I B e AR 2 G BB i (3) I AUy
SOBSRE R, B SO R R, X (2) AN RBTR 47
iy A 38 A7 5 Y5 S I (N FRARAR FR SR A ) RO HE LAY
PRAH A R JEARRIRY | S it SPICE SR FH etk (95 s Jr
T2 MNA (Modified Nodal Approach)™ LI & #2519
ARIRE ) TE UL SE A SOk [ 16 ]88 s T R A ek i
TR, () s, SR O R T 2
(4)rr B hn T BRART OGS BRI T AR | 2 T G G I
[ A2 4,20, T FF 1 2 I 2 B TS A2, =
0 MRFR, ARCTRR L (4) %5 7040 XUk BN R 48
{18 R DO 2 THEA T AL

Y, V. D, S. ||v, i,

V. Vi Dy Sy iy vy
D. Dy Dy Sis |y | |d, )

S, Ssv So Sy A Sh

K (DA TIHE R G R R 58l f7 5 SO

R LR 1 (a) BT (0 a7 B i R ], R AR
JE OGBS A B G & J5 B 28 0 ELE TR i 3



(36) ® 0 8 & iR B

8335

J R SO RN (5) BT
Gi+Gr -G 0 0 1 |w@®) | |-

-Gy GptGe O 0 O w(t) | |—1I¢ |

0 0 0 1 -1 |lus(t) = 0 |(5)
0 0 1 0 O 1s() u,

1 0 -1 0 O i(t) 0

FEXT L LT 38 A A T AR | AR SR A T 3L
FHL BH 2% 7 19 F DG ABE AU 1 BLAR R OCBL AL 04 5 2 L
% BB SRS AR R AR AR E M, R T
PR O S B AT 1 S B LR A A Y I 4% A A R
SRR I QIR G SE W B M A AR Lt T IR A
[ QT A B A W R B R G B R RE I KO0
S FFINGE R4 72 AR5 e 8 35 43 R AT Jm 0 HORT PR 0 i
DA $E e R 17 R R R AR R R
22 EBTHUURNES REKE

W RGP BV &N T S8 HVDC 28 i a4 1
P A AR 138 o F ¥ TACS(Transient Analysis
of Control Systems)#EfLZ5 EMTP (1914 ¥ R 41
FEAR TS T 45 B A% 2k pR gk L7 (Y S 2 P A TS
M AMEARANNREZE LR BREFTT
& SRR RGEAR R G0 oo R 2 U
A/G R R R R B SR EARTIAS S
% 42 T 52 A 0 M B 2 S SR v
FEXT T HARG, 50 R 5009 B hE ) T | AL A]
FHF 00 & e ML A B Sl BIL | Dl 0 141 5 s A B 4% ol 4 o1
5 PR AP SRR N B R B A AT R Gk W] LAXS
BAE A LM R 0 ST AT B R 3 R
KM R GG AP Bl BA 0 mENE
Mo K 6)an it TP R R RGBS 5
T ARG [F] 25 F LT R Ls- 101
diy
dit
diy
T di

jdow _p _py T
diz

Horpr p LS B, w, F T RIHLA X
K WEIE ] R AR R S5 e D RS BREL,

3 DhAg 3 R £ A Xz 8 AL N LA ik |
AT 3 3o 45 ] AR G BE AT S AL B =
T.=1.5p[Ai+ (Lo=L,)isi,]

F5 ] 22 G0 3o 3R ST SRl A BE AR IR 1Y o R
PR3 R Gk h A AR | SRR G, X AR
128 PRBCHR IR (0 B A BT 7 B S B AR 3 T v
225 A IS 1 B AR A /it OG R W AREO A e
X R ARSI AR i e B 58, XTEl 3
1 3 4> —Bir i i R A2 e A S T A B (7) I OE &R
DL 3 1 Hg 2k BT R B SRR 43 i 491 B ST SR ) &

u(lzR itl+Ld

—po.Lyi,

u,=Ri,+L +pw, Ll + A pw, (6)

Wq X1

+ R+L,s

Bl 3 LAfE i o E A B0 ok B[] 25 FR LR BY
Fig.3 PMSM model expressed by transfer functions

Gigi Rl s A (8) WA T=u, X To=u. 4
Rk, HXMTHRAIRSE, EH KRG o IEL
PRRHIE S5 M 5 R EMTP 2y id i
XF AR M TR A A — > K B I I ] DR R
P [0 Ak Ay e P T o 2 SR ) SRR Sy O IR ek O
2 SCHR [ 15 ]38 3o 3K 57 45 il R 48 ) ek Je AR Ltk T
FEIE T 2 (9) B iy 2R vk 26 AU =X I B 1 Ak
AT B A G RGN EE | e TR R
JEFEUERSENE, ARG SR, WPHETT [
W EB BN EL KT AR — &I
2H 1Y SR ik B AT 75 B RGBS RGP A
LMETTAF TG S AT IR A, SEBR R HII AT AN AL 7E £
YEARHERE BT UAE AT L RE P | i a2 A Bk ol
AT L W 0 S T A — e AR b e 4 o R e i i
ﬁﬁg,ﬁ%ﬁﬁ]if@i%(pseudo Newton method),

crig(t) =k (¢) +hi (1= Ar)

€21, (1) =kao(t) +ha(t - At) (7)

c30,(1) =k3x3(2) +hs (1= Ar)

I 0 -1 1 |/x ]| |0

—k3 C3 0 0 w, _ h3
0 0 1 0 ||T,| |us ®)
0O 0 0 1 T.
F(x®)+J% AxP =0 9)

23 BEEERFRBHHEREZE

I 2% R U L AR I AR AR 2 A UK
R R GE ARG Tz R BB TR R
AR HL TR B A8 LI AR GE IR Y R BE R 4, X R G s
FLWFFET 7, 32 2 0m J F 1 X R G AR
SR AN A6 3o 22 30 7% JE T SR B i) AR et 1k | 2R
FHTTAL B I R 5 & A 20 ARG I | T4
O3 M HE SR 0 BT 25 0 B R T E A K R IR 1k
FHIF IOIR S B9 2 HRE T 20 KA B B e 2 ) XA
B2 S HOLE IR BT A B SR <Al (R
FRRHEIDE ), RN TR S IR AR A 25 R BUE
P& 5 LA | R 7 o 12 B P A R T SR T 2 A A
HLHE— 20 B T — T s A T 5 DS A i B
BEE 0L, RIS TF S sV E 2 ) F 5 2 KBk i Tl
JiH TR AR e — D E A KR A e
ML Z AT KB 2 X PRy Z T ), £ b



E2H MG, A oA AR O AR S A I R BT R Y

(—)HEAME RS Lk (37]

T | X SR 1 A5 A B R B 0 A L Tk W B R
e L KR RIMESHEL KA - 2 H
TEI )| T A pe [R) A5 T 5 10 s A [ 8| 7 22 i pie
FE R B G BT 15 5 (0 B 4R 3 ) 8,

SCHR [24-25 4 A Iifs B BH JE 8 2 (CDA) F2 AR
T 7E B VERT 2B 2 A K ) BRI
AT fif DR BB IR 77 () A8 7 e Atk 1 SCRik [ 26-27 142
B <[] 25 2 757 (SRP) B HE T CDA $R | LA e
JIH TR E I RIL T SR 8, S, 5 T2k
T E Y 7 VA A D ) H B B EL IR RARAS TR
S g EMTDC 55 8 45 B T = Rk 07
Horpr SCHR [29 ] ek 1 SCHR [28 1 Y 4 {5 1k AR
FHT A SR e 1) (9155 50, TRTEE i T 850(E 0% 3 e Pl g« L
B BT Y A5 I iR 3, 8 AR (B B S E S
BRI A0 K T s (B B T BB R, i RIE TR
T R R BB IE 1 — R BUE R 53 T ik S Ad 5
M A 85 T8 B A A A 2 IF s 1
A 20 3 4 1R 79 A 3 AR R R B g i (BP R (3)
1 §) FNFF SR 5 1 4, S AR TR Y | 3 AT 5 23 5% e 5
BRI AR . SCHR[3017E NETOMAC 551
SRl 38 5 A AU R LA AR ) T T ek
A B 220 FF 5 S AR I 8 16 00 4% 3 1 235 40 L R S0 (EL
SEPR T CHEARIRAL”, SCHER[31)7ESCHR [30] A AL %
ST R A TF SR AR I 3k A v s B £ T S S AR K
45 A UG Ak i 20 36 7E TT S Sh VR I 1 2 A 25 KOS
b BRI AR TR LR 47 X B A AT

a. B (- AT B2 AR IE RS — P K E

b. ¢ BFZE AR RS — AP K2 i+ AT,
AP R AG 00 1) ¢, B 220 B4 FF G A

c. ¢ Al o+ AT B 28 N A6 21 ¢, B 2008

d. BT SORAS | IR R SRR LS
i) R 3E B2 2 K & g+ AT/ 2, T K D% B 21 4%
TR BIAE A AR TF R s EMEE AT —2 | &
M EL AR,

e. Moy Fl g+ AT /2 SN R (- AT /2 B ZIME

£, 1E 1,— AT /2 BEZ LU ) KR LAY 2 gy

g. 15 1, BFZI LU [ BB L ARG 28 1+ AT /2,

h. 7€ 1.+ AT /2 BEZ DB R0 2 1,4+ 3AT /2,

mAT/2 4 AT/2 1430772
: d H H
o AT ;

— B CETE a b h)

fffff R R (B % d f.g)

------ LHERR Y L c o)
B4 BERGHETR

Fig.4 Interpolation scheme applied in electrical system
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Methodology of transient simulation in time domain for DG and microgrid(1).

basic framework and algorithm
LI Peng',WANG Chengshan', HUANG Bibin?, GAO Fei’,DING Chengdi', YU Hao'
(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. State Grid Energy Research Institute,Beijing 100052, China;
3. China Electric Power Research Institute, Beijing 100192, China)

Abstract: DG (Distributed Generation) and microgrid are featured with nonlinearity and randomness and the
transient simulation of their response characteristics in time domain requires detailed modeling of the
elements ,for which,the framework of electromagnetic transient simulation based on nodal analysis is adopted.
Different algorithms of transient simulation are introduced and compared. The modified augmented nodal
analysis is applied to extend the modeling capability of electrical system,the Newton iteration is applied to
obtain the solution of control system and eliminate the inner time-delay of nonlinear elements,the pseudo
Newton method is applied to enhance the calculation speed of control system,and the interpolation scheme
is applied in the simulation of power electronic switching. The initialization methods for the transient
simulation are discussed.

Key words: distributed power generation; microgrid; transient simulation; nodal equation; interpolation;
time domain
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Influence of grid-connected photovoltaic system on power network

CHEN Wei', Al Xin',WU Tao?,LIU Hui?
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. North China Electric Power Research Institute,Beijing 100045, China)

Abstract: The principle and features of distributed and large-scale centralized grid-connected photovoltaic
power systems are described in detail and the problems due to their connection with power grid are
analyzed and summarized:the power quality problems on harmonic,voltage and frequency;the islanding
problem;the problems on reliability and stability;the matters of grid benefit;the problems on load
characteristics, planning and  dispatch, distribution  automation,grid  voltage,grid protection,etc,based on
which,the causes of each problem are reviewed,as well as the research status and main solutions at home
and abroad.

Key words: photovoltaic; grid connection; islanding effect; electric inverters; security; stability; renewable
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