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' Fig.1 Equivaent circit with linear
and norrlinear loads
, Poss1 + Zplossh (3)
h=2
.
' Poss = f (Re+ R) - iH(Ddt>0 (@
e 2
1 Posn = 3f (R R) - ih(Ddt >0 (5
0
1 , . '
_ 4 .2
u(t):zs 2z R = TJ’O R - if(tdt >0 (6)
;ZNL _1_ T 2
3 Rh = TJ’O R - itn(dt >0 (7)
A(t) = Ag(t) + Elﬁn(t) (1)
h=2

(A il i uw)

T T
Ps = *.lr'[o u(D) - i(vdt = Jﬁfo u(D) - (D dt = Py
@
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Pos = 7, (Re + R) - (0t =

T 00
Pun = '!FJ-O un (1) - i (B dt = Paeg + ZPN'—'h
h=2
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i Ps1=Pos1t PL1+ Puoa
0= Possh+ B.n+ Pw.n
Pa-h= - (Possh+ P.p) <0 (9
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P
Ri1<P<HA (10) |
P< Pw < Pn.1 (11)
2 T '
2 RTDS
1) RTDS Fg.2 RTDS smulating experiment nodd
1:
2 3
2: 1 ,
a =15 a =45
a (2] , 2
a
(svO) ’
RTDS(Red Time Digitd Smulation) 2
HVDC RTDS 3
3: , 3
[1] 3%, a =15
PCAD , RTDS  Mutiplot
6 RTDS !
, 1
2 S , 6k+1(k=1,2,
2=10.0 + En
i4.84 12,
10.0 kv, Us=8.169n Wt , ' !
0.5Q 10.0 KV10.0 KV, : 13,
0.1H , 10.0Q
1 N1 la
Tab.1 Severd main harnonic conponentsin N1 and |4
3 5 7 11 13 17 19
0.0 1.40% 0.93% 0.48% 0.35% 0.18% 0.12%
1 0.0 18.28% 12.18% 6.31%  4.61% 2.30%  1.55%
En 0.0 -0.32 -0.14  -0.037 0.0 0.0 0.0
0.0 1.44% 1.01% 0.65% 0.56% 0.41% 0.39%
2 0.0 19.61% 13.76% 8.74%  7.54%  5.61%  5.23%
En 0.0 -9 - 43 - 18 - 13 -7.4 -5.8
2.29%  1.46% 0.9% 0.53% 0.40% 0.2% 0.16%
3 13.61% 18.59% 12.51% 6.82% 5.15% 2.90%  2.10%
En 0.37 -0.36 -0.15 _ -0.04 0.0 0.0 0.0

)
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2) Matlab

[31‘]!

3
Hg.3 Norrlinear V/ A characteridic curve

4 u- | 3
R: Rs R4 :
Ry: '
R Rz R4 | R>
: | ' Rs
. :
: . :
Matlab

km, , 5

Ry

R>

D=50 km,r=0.1Q/ km,x=0.4Q/

4
Fg.4 Approximete linearizetion of V/ A
characterigic curve

Fg.5 Teding circuit with arc furnace load

1: )

6
FHg.6 Voltage and current waveforms of arc furnace

2. )
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2
Tab.2 Voltage and current components and harmonic power of arc load : Wh
1 3 5 7 9 11 13
69.795 % 10.919 % 1.565% 0.541 % 1.848% 0.81% 0.167 %
67.356 % 20.721% 2.967 % 1.024 % 3.49% 1.544 % 0.31%
1 En 276.08 - 13.572 -0.2786 -0.0332 -0.3879 - 0.075 -0.0031

66.916 % 20.387 % 9.094 % 2.7228% 1.0353% 1.9713% 1.356 4%
63.791 % 22.218% 18.422 % 5.517 9% 2.099 8 % 3.976 8% 2.760 3%

2 = 271.65 21.62 - 10.69 - 0.9586 -0.1387 - 0.500 2 -0.2389
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Simulation analysis of nonlinear load har monic source in power sysem

SN Rongfu, DIAO Tingting, SHU Na-qiu, L1 Changyu
(School of Hectrical Engineering, Wuhan Universty , Wuhan 430072 , Ching

Abgract : Intheory, norrlinear load absorbs fundamenta power from the power sysem, and injects harnonic power into the sysem as the
harmonic ource of the power sygem. FHom the view of power direction , this paper vadidates harmonic power directionsof two kindsdf nonlin-

ear load through regective nodd s acoording to different function mechaniams. Teg results show that norlinear load di gorts sysem woltage and
current and injects harmonic power into sysem , which proves the correctness of theoreticd andyss.

Key words: rorrlinear load; harmonic ©ource; RTDS




