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MMC Modelling — Classical Average Model in abc-frame HITACHI ABB

Physical Layout Single Arm Equivalent Mathematical Model
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Frequency mixing gives rise to harmonics in circulating current and equivalent capacitor voltages
Single dg-frame model previously used no longer appropriate
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The Generalized dq Transform HITACHI ABB

Definitions Model Transformation
The generalized dq model is based on a generalized Park transform defined by T
J
1 cos(0) sin () <o cos(nd) sin (n#) (Hn =TuK
Tu(@)=| 1 cos(f— %’r) sin (6 — 2%) cov cos(nf — Q”Tﬂ) sin (nf — Q"TT’)
1 cos(@—%r) sin(é’f‘%’r) cos(nﬂf‘mTﬂ) sin(anLmT”) where
0 0 0 e 0 0
0 0 Wg 0 0
Sabc“) - T,,(H)qu(f) K — O —we 0 0 0
o a8 00 0 0 nw,

Sal)c(f) = "b(f) 0 D 0 —NWg 0

.‘»C(f)
and

so(t)
sd1(t)
S 1(f)

daggy = | 7 { { {

s79(t) = : &l . Ved d @ d

: —s*7¢(t) = —(Tu(t)s(t)) = Tu(t)(Ks(t) + —s%9(2)))

_ dt dt dt
*-dn(f)
”qn(f)

HITACHI ABB POWER GRIDS

Source: M. Larsson: WindStab User’'s Guide — Harmonic Stability Analysis Toolbox for Offshore wind Farms, Tech. Report 2019/CTR/TR22, 2019. © Hitachi ABB Power Grids 2020. All rights reserved



MMC Model Transformation HITACHI ABB

Stationary Frame Generalized dg frame
8 diu R ] di = | Udc d «d digq «d d d dq Vde
Vg + Larm At + flarmlu iag(ny)veu) = 37 Vg + Larm (Kiy? + T) + Ri{9 Hf(ng3,ved)) = InQT
di ; : Ude d dq . difd . dq _d do Vde
Vg — Lurm W - Rm'mll - dlag(nl)vcl = _13 9 ng - Lurm(Kl] 4+ (]lf ) - Rl[ a4 f(nl q-Vclq) = —Inq7
dg
dv . . , dq , @veu dq :d
Ca rm % = dlag(nu)lu » (l”'-'”(KvCl(ll g T) = f(nuq- luq)
a
dq
dvel . . v dq , 4V _ dq .dq
C(ll'm lc = dlag(n])ll Cm'm(KVCl o i ) = f(n] oh )
at dq . .dq
. iy + 1 ida ﬁ
lC e c 2
. =y ide = (ida - id9)
lg —_ lu — ].l g u 1

Multiplication in dg-frame cuts off harmonics of order larger than n
All dg quantities constant in steady state
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Model Accuracy
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Approximation order 3
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Approximation order 6
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Approximation order 17
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Modal Analysis
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Approximation order 3
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Approximation order 6
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Approximation order 17
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Model order and frequency range increases significantly with approximation order
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Conclusion HITACHI ABB

A Generalized dq frame MMC model has been derived

The generalized dq frame is compatible with modal analysis frameworks

For model accuracy on the AC side side, approximation order 3 is often enough

Higher order approximations enable accurate modelling of the converter also from the DC side

Model complexity increases quickly with approximation order
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