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Optimal Configuration Method of Grid Forming Convertors for Large-scale Renewable
Generation Base Transmitted by VSC-HVDC System
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Abstract: Configuring an appropriate proportion of grid-forming (GFM) converters in the renewable generation base can
effectively enhance the small signal stability (SSS) and transfer capacity (TC) of the renewable generation base which is
transmitted by VSC-HVDC system (RGBTVS) system. In this paper, an optimal configuration model for GFM converters
in RGBTVS is established, and the objective is minimizing the configuration costs while satisfying the constraints of re-
quired SSS and TC. To avoid full state-space SSS equation calculations for the entire system, the model employs a
generalized operational short-circuit ratio (gOSCR) constraint instead of the SSS constraint. Addressing the challenge of
eigenvalue calculation in the gOSCR constraints, an estimation method for the boundary values of Perron root of
non-negative matrices is introduced to transform the matrix eigenvalue constraint into algebraic inequalities, resulting in a
tractable mixed-integer nonlinear programming (MINLP) model. Finally, case study on a practical RGBTVS in Southwest
China validates the correctness and effectiveness of the proposed method.
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Ooni =Uy, +U3)B, —E.B, (U, cos b, +U,; sinf,) —

EG, (U, sinf; U, cosb,)

(AS)

VSC it 2R3 7 F2 i (A6)—(AT)FT 7R :
de,, /dt=aw .,

T

dry /dt =Ugy = Uy, dxy /dt =Ug, = U,

sqi
dU, /dt=(K'U:di =-U,)/ T
dUqu /dt=(K’U:qi —chl.)/T(;
Ui = Ko (Ugi =Ug) + Kigxy — X1

csqi?

"
chi -

x. . +X.1

Kpcq (U* _Usqi)+K' ctsdi

sqi icq”rqi

(A6)
Ugi =U, co86,, +U,;sin, + I R —1,X,

sdi®tt

Usq,. =-U_sinf,, +in cos@,, +1 R +1,X,

sqi
Uy =U,; cos6y, +U,; sinb, +

I (R+R)-1 (X, +X,)

sqi

U, =

o = Uxsing, +U, cosb,, +

Isqi(Rt + Rc) + Isdi (Xt + Xc)
PVi = (UX,- Ccos 9\/1' + in sin 9\11' )]sdi -
(Ux[ Sin ev[ - in COS 6\/,‘ )[sqi

Oy = (in cos@, —U,,sinb,, )1, —
(Uy; cos6,,; +U,; sin 6,1,

(A7)

sqi
Bis% B
FB1 PR TR I AR AR I AR 25 45 S 4
Table B1 Control parameters of grid-following convertors and
grid-forming convertors
A RS HfH A RS Kl
St/kVA 1500 Sv/kVA 1500
R Uy/V 690 ™ Uv/V 690
A KK 15,108 RIAE J 5
/ﬁ%ﬁ Kpgd, Kigd 0»5,20 /}%E%% Dn 5
Kpea Kiga 05,20 Dy 80

B2 VSC sl 4z 24
Table B2 Control parameters of VSC stations

ZH ¢l 24 HH
HUE A Yy 13 000 MW HE LI L +800 kV
L AE L 500 kV RS 0.1 pu

K 8 Kid 10
T 9 Kpeq 10
Kped 10 Kiceq 10
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