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Design of 10 kV digital-physical hybrid simulation disturbance test system
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2. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: The traditional power quality disturbance test system can neither directly reflect the actual power grid
disturbance, nor can be used to test the operation characteristics of grid-connected equipment in the case of the actual grid
disturbance. In this paper, a design method of 10 kV/3 MVA digital-physical hybrid simulation disturbance test system is
proposed, which can be used to simulate the operation of power system in laboratory environment and study the
characteristics of grid-connected equipment under grid fault. At the same time, the disturbance test system can also
simulate the power quality problem based on waveform feature description. In this paper, the general framework of the
digital-physical hybrid disturbance test system is presented. The power interface is a cascaded H-bridge back-to-back
topology. To analogize digital side simulation waveform output, the inverter is controlled by proportional control and
repetitive control in output sides. The simulation results show the feasibility of the proposed design scheme.
This work is supported by National Natural Science Foundation of China (No. 51277137).
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model for power interface
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Fig. 5 Control schematic diagram of rectifier side

2.2.3 AR AR I SR ms

A SCHET BRI T 1 5815 AR Vi o (1 R sh ik 5t
W, TSR RTDS B i B RS 1 A
HUH IR T, BERE RIS TUR TEARAAE HA (1) FL R i [
TR R G R IR B A N A R

PN R Y B e A Ee I RS = R il
MG A A7 IR R o3
AR o A S o) R AT PR s i ) —
UORTE, BEsHIS e mZE . BRI R T
W R, PN 2E . SR AU
PRERET, SR H He g+ 8 A ds il s ol 2, L4l
HEERWE 6 Fn. Hrh, k, MGlEm RS,
NIERTIR, T ARSI, ke AU T,
ks Mo )R

6 BTMI=HIHEE
Fig. 6 Control block diagram of inverter side

P B ERT & SRR i S A AE o8
(I VRIHE, BT LR A B IO i B 1 R S B R
B 6 [ B AN SRR e, A3 I 7 Bros i
B RO BIER . Horp Z7Y G RER AT, N O
X G SR RAE R YT ) AL

7 N A IAE R
Fig. 7 Discrete control block diagram of inverter side
FEIEL 7w, PR R AP R S DR
kzZ™
1-kZ N

GV(Z) — uinv(z) :k +

e(z) " @

10 kV - FR A AR5 R i - 137 -
FRYEAE K S R e SR B, T 45 P(2)s d(z)
1
P Ww=P(s)|_. = 5
Ol =POLw="rorice O
r+joL

d2)|_u=d(s)|._.,= ;
@L... )]-- 1-CL&* + jCaor

k. RGN uo (2) T AR
P(2)Gy(2) 1

x1,(jw) (6)

uy(z)= T+ P(2)G, (2) umf(Z)—md(z) (7
RYRHIE T FE T LLR R N
N ksP(Z) _

A —kf +1+kp—P(Z)— (8)

PRSI RGAGE, SRR R
LI
0 <k, <(1+k)(1-CL&" +k,) 9)

FCrp ke — AU N T 1 IR H. &y 154 ELA
PEBIRA FAR R AL P AR G EAT PR 0 Wi [0 3
&, R ERINE RS S . N(6) LA,
e FRVHRAEL YU B R TR BB 08 KM A8 /N e kg T LA
SERON AR BB FAE AR R GRS IR 22,
EK ke W ASRAS /DR AR ZE » (HE A BRI
S AT ARG IUVBOR A, P IN ] BTG B
P&

3 HEFMmERI

ANSCHE 7 VB B D B0 AR G A2
F BEA FLT S PWM ARSI =
HH HATR G S 2 1 o SRR D 82 26 1) P U
FERE U 5 )RR RS . £E RTDS HEEA]
DU SEE PR 2 00 9 i R BB AL 34 1) £
RIS, R TR T R IR Y R s
S AR
3.1 BT RIAFEIERL

£ RTDS e Fp iRy, i g i i s
11 [N A VA TN A ) NG WA S L TN
PRV %) N SN RN /) G SN R ot SN AN e ]
IS T A AR DR O 24, i bl
i+ E B PR R R, DU R SR 1 AR AR g
Uiz e NEISTE VR 3 ik & AU Yk IN
i S P B, AT AN R L RE R ] S
T3 8L RIS o

WRYE RGBT HARFIEARER, FER POy
LA, B T A (R HL s JE ST I Zh e Ah
ST SPIE EWA T U N 5= . WA RV N VA S 1)
B HURASH. HAROL AR SR DI RE

FEMABT, S8 AT B A BB



- 138 -

LY EL R LR

ARSI Ry s RO Y AT R+ R A
JEARBAEHIEFHE 2 & 50 YR AT R+ 3
AR+ A & B B3 th oA v S U
AL B AR SE I A N

50
u, =u,, sin2nft +u,, sin2mnfi + Zuhm sinh 2nAft (10)
h=2

3.2 ET M ERE

£ RTDS 4 HEATTC f 7 BUERASE, a7 fic el
WA AR, T Sk T A R AR P L B AN
%M%¢°Eﬁ%mﬁ¢uﬁmﬁﬂﬂ@,kﬁ%
R IR I AR 15 2 e N s L, S B e
T HL ) HL R SR S AL
4 RIE

T Matlab/Simulink -4 #8405 HAR 56 R 40
B, XY ER A TR R FHAT R T
T TR AL i RS P D B AL ) 1 LR E . P
8—& 12 7 B R FE TR IERRA T I e .
FEWEA . AT AT BRAR . H R ARAT A TR
B BRI . SR T s R Gk
%ﬁ%w%ﬁﬁm%lﬁﬁomﬁlﬁﬂ,mzﬁ
Ut BE B YRR R R R B - O B R 45 e . B
aﬁsE%F%ﬁ&E%&ﬂdﬂmmﬁﬁ%ﬁE
SZPEN, DR O e R, e s

1.0

i RV

= ' Il Il I Il 1 1 1
T0.20022 024 026 028 030 032 034 036 0.38 0.40
I ] /s

8 5%HY 5 RIEIK+5%HT 7 RIKIK
Fig. 8 5% 5th harmonic+ 5% 7th harmonic

<10

N
0.5 - =
II | II
|
Iy
0.5H W
1 I|
GJ MWL |
-1
020022 024 026 0.28 030 032 U'M— !H(} 035 0.40
1B [)/s

9 mIEER. 7
Fig. 9 Voltage sag and swell

IR TV

e
1

| VV"J \"

¥ 4
s

=

- I .5 I ' i I I i i

020022 024 026 028 030 032 034 036 038040
[Ff /s
B 10 14% 5 F+14%EFHE
Fig. 10 14% negative sequence voltage +14% zero
sequence voltage disturbance
4

1oAY — s :

=

i Il i L Il i
2 024 026 028 030 032 034 036 038040
Il

B 11 mEEARE
Fig. 11 Voltage phase angle jump

R IR (v

i el
020022 024 026 028 030 032 034 036 038040
ff [a) /s

& 12 BEIT

Fig. 12 Voltage frequency conversion

4
=10
T

GINAEL R (ETA
=]

R R R R R R YT
15 () /s

B 13 BERNE
Fig. 13 Voltage flicker

HAE 0.25 s Jrm i A AR #2 B X AR K, P TR
UL I H s TAE




Eﬁ?% ’ %

10 kV Hy W) B A 0 AR A5 R4 it

- 139 -

R 1 BT RMHEREARER

Table 1 Simulation results based on waveform characteristics
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