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Abstract: Due to the highly demanding operating conditions of the Modular Multilevel Converter 

(MMC), as well as its inherently complex structure, electric field analysis of the MMC valve is crucial 

for the safe and stable operation of MMC-HVDC (MMC high voltage direct current) transmission 

systems. In this paper, a high-speed modeling method for MMC valve based on data derivation is 

proposed. Firstly, the relationship between the MMC valve electric field calculation model 

parameters and the MMC-HVDC transmission system parameters was studied. Based on this, the 

data derivation system for the electric field calculation model parameters of all components of MMC 

valve was established. Modeling parameters database based on empirical knowledge is also used in 

the calculation process of the data derivation system. The output model parameter matrix includes 

the geometric parameters, position parameters, and electrical parameters of the components. Based 

on the output matrix, the electric field calculation model of the converter valve can be quickly 

generated. Furthermore, to improve the accuracy of the calculations and reduce computation time, a 

discrete modeling method that combines mesh optimization was proposed. In the process of 

discretized electric field modeling, a mesh division influence factor based on the accuracy of electric 

field calculation is proposed. By adjusting the mesh division influence factor during the electric field 

calculation, the accuracy of the electric field calculation can be optimized rapidly. Finally, the 

effectiveness and practicality of the high-speed modeling method for MMC valve are verified 

through comprehensive case studies conducted on the ±320kV onshore MMC-HVDC valve. It is 

demonstrated that the high-speed modeling method proposed in this paper can significantly reduce 

the modeling time of the converter valve and greatly improve the accuracy of electric field 

calculation. 

Keywords: Modular multilevel converter (MMC); data derivation; electric field calculation modeling 

parameters; discretization modeling 

 

1. Introduction 

Because of the manufacturing or complex operating conditions, there might be some insulation 

failure or defects in the insulation of the MMC valve. The analysis of the electric field in MMC valve 

has become extremely important, especially, MMC-HVDC system are used widely in recent years. 

With the continuous increase in voltage and capacity, the MMC valve, as a core component of the 

MMC-HVDC transmission system, is facing increasing challenges [1–4]. The MMC valve is subjected 

to highly complex and demanding current and voltage conditions during operation. Consequently, 

the electric field characteristics of MMC valve have a significant impact on the safety and stability of 

the MMC HVDC transmission systems. In particular, under fault conditions with impulse excitation, 

the distributed parameters of the MMC valves, especially the stray capacitance, can have a severe 

impact on the system. In summary, the electric field accurate analysis of MMC valve is of significant 

importance for the design of the MMC valve and the MMC-HVDC system [5–7]. Research on the fault 
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characteristics of MMC valve based on electric field analysis continues to be a hot topic in the 

industry. 

For the calculation of the electric field in the valve hall, reference [8] proposes a simplified 

calculation model of the radiative near field of the electric field in the circuit breaker valve hall. To 

address the calculation of stray capacitance parameters in the converter valve tower, reference [9] 

presents a simplified approach for MMC valve, employing the finite element method to compute the 

stray capacitances. Similarly, reference [10] adopts the simplified BEM to gain the parasitic 

capacitance parameters within converter valve. In order predicting the radiated EMI, the converter 

valve tower is model as a complex antenna structure with the output voltage of each sub-module as 

the excitation in reference [11]. In reference [12], through simplification FEM model of the valve tower 

in ANSYS Q3D, the capacitances are calculated. However, in the analysis of electric field modelling 

method in these articles, both the insulators and the shape of the outer conductors are ignored, which 

will significantly reduce the accuracy of the electric field calculation. Meanwhile, in the model process 

of the converter valve, the conventional import method or the re-establishment of the electric field 

model based on the mechanical model is adopted. This will result in a very long time required for the 

establishment of the converter valve electric field model. 

Conventional modeling methods for MMC valve electric fields suffer from long modeling times 

and low accuracy. In this paper, a high-speed modeling method for MMC valve is proposed to 

overcome these drawbacks. The data derivation is used to generate multiple sets of parameters from 

a limited number of system input parameters (three to four). These derived parameters are then 

utilized to establish the electric field analysis model for the MMC valve. Firstly, the relationship 

between the MMC valve electric field calculation model parameters and the MMC-HVDC 

transmission system parameters was studied. Based on this, the data derivation system for the electric 

field calculation model parameters of all components of MMC valve was established. Modeling 

parameters database based on empirical knowledge is also used in the calculation process of the data 

derivation system. Empirical knowledge is used to constrain and correct the parameters. The output 

model parameter matrix includes the geometric parameters, position parameters, and electrical 

parameters of the components. Based on the output matrix, the electric field calculation model of the 

converter valve can be quickly generated. Furthermore, to improve the accuracy of the calculations 

and reduce computation time, a discrete modeling method that combines mesh optimization was 

proposed. In the process of discretized electric field modeling, a mesh division influence factor based 

on the accuracy of electric field calculation is proposed. By adjusting the mesh division influence 

factor during the electric field calculation, the accuracy of the electric field calculation can be 

optimized rapidly. Finally, the effectiveness and practicality of the high-speed modeling method for 

MMC valve are verified through comprehensive case studies conducted on the ±320kV onshore 

MMC-HVDC valve. By comparing the modeling times, calculation error rate and calculation times, 

it was confirmed that the method described in this paper has significant advantages. 

2. High-Speed Modeling Method for MMC Valve 

The MMC HVDC power transmission system has been put into practice in many projects [13–

15]. The MMC system schematic diagram and MMC valve in hall are illustrated in Figure 1. 
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Figure 1. System schematic diagram of MMC-HVDC and MMC valve in hall. 

The design data and operational observation data for the MMC system are all circuit parameters 

such as voltage and current. In the operating environment of the valve hall, the insulation 

characteristics of the MMC valve need to be obtained through electric field calculation. The 

conventional electric field analysis process of the MMC valve, which is widely used in engineering 

practice, is shown in Figure 2. 
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Figure 2. The conventional electric field analysis process of the MMC valve. 

As shown in Figure 2, the conventional electric field modeling method involves multiple 

departments and is time-consuming. When transitioning from the mechanical model to the electric 

field analysis model, simplifications are made to adjust the electric field analysis.  

The importation of models may introduce errors, thereby reducing the computational accuracy. 

Moreover, if system parameters are updated or adjusted during the analysis, the mechanical model 

must be re-established. The conventional approach results in a lengthy analysis cycle for the 

converter valve's electric field, with difficulties in controlling the computational accuracy [16–18]. 

To enhance the efficiency and accuracy of the electric field analysis of the MMC valve, it is 

necessary to establish models based on the requirements of electric field analysis and the 

characteristics of the MMC-HVDC power transmission system. The high-speed modeling method for 

electric field analysis of the MMC valve is illustrated in Figure 3. 

Start
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dual parameters analysis. 

Do system parameters change?

Modeling complete
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Calculate the electric field modeling electrical 
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system parameters.
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Consider  the geometric characteristics and mesh 

characteristics of the components.

 

Figure 3. High-speed modeling process for electric field analysis of the MMC valve. 

As shown in Figure 3, the high-speed modeling for the electric field analysis of the MMC valve 

used data derivation to generate multiple modeling datasets from limited input data. Within the data 

derivation system, the parameters necessary for the modeling process of the MMC valve are 

computed. The high-speed modeling method proposed in this paper can significantly reduce the time 

required for modeling. The continuing in this section will delve into the fundamental theories of 

electric field modeling that underpin the data derivation system. 

According to the fundamental principles of electric fields, the electric equilibrium characteristics 

of a conductor reveal that the inner surface of a metallic conductor has no charge distribution, and 

the electric field within an air-filled cavity is zero, with a uniform potential throughout. The shape of 

the internal cavity does not influence the external electric field distribution of the conductor. The 

curvature of the conductor's outer surface significantly affects the charge distribution and electric 

field. Higher curvature reduces the repulsive force between charges, leading to higher charge density 

and a more concentrated electric field. Conversely, lower curvature results in a more uniform electric 

field distribution. Therefore, while the shape of the conductor's outer surface strongly impacts the 

electric field distribution, the internal cavity and its shape have no effect on the external electric field. 

According to Gauss's law, the electric field strength produced by multiple charged bodies in 

space exhibits superposition. The electric field generated by multiple conductors at a point in space 

can be obtained by vector summing the electric fields produced by each conductor at that point. The 

principle of electric field equivalence between discrete conductors and a continuous conductor is 

illustrated in the Figure 4. 
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Figure 4. Electric field equivalence between discrete conductors and a continuous conductor. 

As shown in Figure 4, the electric field distribution of a continuous conductor is consistent with 

that of discrete equipotential conductors in space. 

3. Data Derivation System of Electric Field Modeling 

The MMC valve is a core component in the actual operation of the MMC-HVDC power 

transmission system. As a high-voltage, high-capacity power electronic device, the structure of the 

MMC valve is determined by the system parameters [19,20]. By conducting a theoretical analysis of 

the process of establishing the electric field model of the MMC valve, and combining it with the 

relationship analysis of the MMC valve and the main circuit parameters.  

The data derivation system for the electric field modeling parameters of the MMC valve is 

defined as: 

in out
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In the Equation (1), Xin and Yout are the input and output matrix, Φ(x) are data derivation system, 

Udc is the DC voltage of the MMC, Pdc and Q are the active power and reactive power of MMC. The 

data derivation system matrix Φ(x) and output Yout are defined as: 
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In the Equation (2), Fsm(x) is the submodule parameters calculation matrix, Fsheild(x) is the 

shielding cover parameters calculation matrix, Finsulator(x) is the insulator parameters calculation 

matrix, Fbeam(x) is the support frame parameters calculation matrix, Fring(x) is the grading ring 

parameters calculation matrix, Ysm is the modeling parameters of submodules, Ysheild is the modeling 

parameters of shielding covers, Yinsulator is the modeling parameters of insulators, Ybeam is the modeling 

parameters matrix of support frames, Yring is the modeling parameters of grading rings. 

According to the principles of electric field calculation for MMC valve and the analysis of key 

factors, the electric field modeling parameters for MMC valve are categorized into five distinct 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 March 2025 doi:10.20944/preprints202503.1001.v1

https://doi.org/10.20944/preprints202503.1001.v1


 6 of 17 

 

categories. The data derivation system Φ(x) and the modeling parameters data Yout are structured 

accordingly. The following sections provide a detailed analysis of each of these five categories. 

3.1. Multidimensional Array Modeling of Submodule 

The submodule is the fundamental building block of the MMC valve and constitutes its core 

component of the MMC valve. Each converter valve is typically composed of multiple submodules. 

The parameter matrix of the submodules is defined as: 

sm11 sm12 sm1NSM

sm21 sm22 sm2NSM

sm

smCLT1 smCLT2 smCLTNSM

sm

(sm)

(sm)

(sm)

ij

ij ij
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Y Y Y
Y

Y Y Y

E

Y G
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            (3) 

In the Equation (3), Ysmij is the modeling parameters matrix of the submodule j in layer i of the 

MMC valve, MSN denotes the number of submodules in each layer of the MMC valve, and CLT 

denotes the number of layers in the MMC valve. 

As shown in Equation (3), the electric field modeling parameters of each submodule consist of 

three distinct sets of parameters, the electrical parameter matrix E(sm), the spatial geometric 

parameter matrix G(sm), and the spatial location matrix SP(sm). 

Due to the metallic conductor nature of the sub-module's outer casing, the sub-module acquires 

a certain electric potential during the operation of the MMC valve, with the entire outer casing 

forming an equipotential body. The electrical parameter matrix E(sm) of the submodule is defined 

as: 

sm

sm

sm sm11 smd T smd
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In the Equation (4), GVsmij is electric potential of the submodule ij in the valve, NS denotes the 

voltage coefficient, usmd is the rated voltage of submodule, GVT is the electric potential of the first 

submodule in the valve, MCsm is material properties of the submodule shell. 

The submodule is composed of power devices, capacitors, and other components. Once the type 

of power device and the parameters of the capacitor are specified, the geometric dimensions of the 

submodule can be determined. The geometric parameter matrix of the submodule is defined as: 

0
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In the Equation (5), EC(sm) is a computational matrix for the geometric dimensions of the 

submodule, Csm is rated capacitance of the submodule, UcmN is the rated voltage of Csm, Form is the 

shape structure of the submodule. The dimensions X0, Y0 and Z0 denote the preliminary geometric 

sizes of the submodule. 

The shape structure of the submodule capacitor is obtained from the capacitor manufacturer and 

typically has a limited range of options. The preliminary geometric sizes of the submodule are 

generally provided by the structural design engineers. The calculation of geometric parameters 

adopts a database format, where the geometric parameters of the submodule are determined based 

on its rated voltage and capacitance.  

The calculation methods for the rated voltage of the submodule and the rated voltage of the 

capacitor are defined as: 
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In the Equation (6), DB is the parameter database for high-capacity, fully-controlled power 

electronic devices (such as IGBTs), uPSD is the voltage rating of the device, Kcu is the calculation 

coefficient for the rated voltage of capacitor. 

The submodules are arranged in the MMC valve according to the wiring sequence. The 

positional parameters of the submodules are determined by the layout method of the valve tower. 

The calculation method for the positional parameters of the submodules is defined as: 
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In the Equation (7), Xsm11, Ysm11 and Zsm11 are the coordinates of the first submodule in the MMC 

valve, xmij, ymij, zmij are the displacement coordinates of submodule ij relative to the first submodule 

in the MMC valve. These displacement coordinates can be determined based on the rated voltage of 

the sub-module and their layout configuration. 

3.2. Multidimensional Array Modeling of Shielding Cover 

The shielding cover significantly influences the electric field distribution of the MMC valve. The 

shielding covers of the MMC valve generally consist of two types, one with curved shapes located at 

the four corners, and the other with flat-plate shapes positioned at other locations. The electric field 

calculation parameters matrix of the MMC valve shielding covers are defined as: 
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In the Equation (8), YshieldC denotes the arc-shaped shielding covers at the four corners of each 

layer, YshieldP denotes the flat-plate shielding covers, LT is the number of layers in the MMC valve, 

NSC is the number of shielding covers in one layer of the MMC valve.  

The electric field modeling parameters of each shielding cover consist of three distinct sets of 

parameters. The modeling parameters matric of each shield are defined as: 
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In the Equation (9), YshieldCij denotesthe modeling parameters of the corner shielding cover j in 

the layer i of the MMC valve, YshieldPij is the modeling parameters of flat-plate shielding cover j in the 

layer i of the MMC valve. 

Shielding covers are arranged externally on the MMC valve and serves the functions of 

electromagnetic shielding and protection. The shielding covers are connected to the nearby 

submodules, forming an equipotential connection. 

The electrical parameter matrix E(shield) of the shield covers is defined as: 
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In the Equation (10), GVsmij is electric potential of the shield cover ij in the valve, DS is voltage 

coefficient, MCshiled is material properties of the shield covers. 

During the operation of the MMC valve, the shielding cover neither carries current nor performs 

power transmission. It protects the MMC valve by optimizing the electric field distribution, which is 

the primary objective of its design. 

The geometric parameter matrix of the shield is defined as: 
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In the Equation (11), EC(shield C) is a computational matrix for the geometric dimensions of the 

corner shielding cover, Form is the shape structure of the shield cover. The dimensions X0, Y0 and Z0 

denote the preliminary geometric sizes of the shield cover, ALR are the curvature parameters of the 

shielding cover. 

The geometric parameters of the shielding covers are using a database format. For the MMC 

valve, the limited variety of shielding cover styles simplifies database establishment. The positional 

parameters are determined by the layout method of the valve tower. The calculation method for the 

positional parameters of the shield cover is defined as: 
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In the Equation (12), Xsc11, Ysc11 and Zsc11 are the coordinates of the first shiled cover in the MMC 

valve, xmij, ymij, zmij are the displacement coordinates of shielding cover ij relative to the first shielding 

cover in the MMC valve. 

3.3. Multidimensional Array Modeling of Grading Ring 

Two voltage equalization rings are arranged at the top of the MMC valve, serving the dual 

functions of voltage equalization and providing connections for the incoming and outgoing lines of 

the MMC valve. The modeling parameters matric for the equalization rings are defined as: 
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In the Equation (13), Yring1 and Yring2 are the modeling parameters of the two voltage equalization 

ring, GVring is electric potential of the ring, Nsm is voltage coefficient, GV1 is the electric potential of 

ring 1. The electric field modeling parameters of top voltage equalization rings are also composed of 

three sets of parameters. 

The voltage equalization rings at the top of the MMC valve are typically composed of two C-

shaped tubular structures. The geometric parameters matrix and positional parameters matrix are 

defined as: 
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In the Equation (14), EC(ring) is a computational matrix for the geometric dimensions of the 

voltage equalization ring, Form is the shape structure, xrmi, yrmi, zrmi are the displacement 

coordinates of voltage equalization ring i relative to another. The geometric parameters employs a 

database format. This limited variety makes it easier to establish a database. 

3.4. Multidimensional Array Modeling of Support Frame 

The support frame is one of the most critical components in the valve tower structure, serving 

to support and secure the MMC valve. Typically, the MMC valve support frame is composed of 

insulating beams and metallic beams. The electric field calculation parameters matrix of the MMC 

valve shield is defined as: 
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      (15)

 

In the Equation (15), YbeamI is the modeling parameters of insulating beam, YbeamM is the modeling 

parameters of metallic beam, CLT is the number of layers in the MMC valve, NBC is the number of 

insulating beams in one layer of the MMC valve. 

As shown in Equation (15), the electric field modeling parameters of are also composed of three 

sets of parameters. The electrical parameter matrix of insulating beams are solely characterized by 

the dielectric constant of the insulating material. The geometric parameters matrix and positional 

parameters matrix are defined as: 
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In the Equation (16), EC(beamI) is a computational matrix for the geometric dimensions of the 

insulating beams, Form is the shape structure, XBI11, YBI11 and ZBI11 are the displacement coordinates 

of beamI11 in the MMC valve, xbimij, ybimij and zbimij are the displacement coordinates of insulating 

beams i relative to the beamI11. 

3.5. Multidimensional Array Modeling of Insulator 

The primary design of the MMC valve currently adopts the supported valve tower structure, in 

which the interlayer insulators and ground insulators are important components of the valve tower. 

The electric field modeling parameters matrix of the MMC valve insulators are defined as: 
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In the Equation (19), YinsulatorL is the modeling parameters of interlayer insulators, YinsulatorG is the 

modeling parameters of ground insulators, NIG is the number of ground insulators, NIL is the 

number of interlayer insulators in one layer. 

The electrical parameter matrix of insulator are solely characterized by the dielectric constant of 

the insulating material. The geometric parameters matrix and positional parameters matrix are 

defined as: 
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In Equation (20), EC(insulatorL) is a computational matrix for the geometric dimensions of the 

interlayer insulators, Form is the shape structure, R1 is the shed radius, R2 is the core radius, hL is the 

height of the insulator, and NP is the number of shed layers, XSC11, YSC11 and ZSC11 are the displacement 

coordinates of interlayer insulator in the MMC valve, xmij, ymij and zmij are the displacement 

coordinates of insulator L ij relative to the insulator L11. The hL is correlated with the voltage 

difference between layers, which is equal to the sum of the voltages of the sub-modules in each layer. 

The geometric parameters matrix and positional parameters matrix of ground insulators are defined 

as: 
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In the Equation (19), EC(insulatorG) is a computational matrix, Form is the shape structure, hG 

is the height of the insulator, and NPG is the number of shed layers on the insulator, XSC1 and YSC1 are 

the displacement coordinates of ground insulator in the MMC valve, xgmi and ygmi are the 

displacement coordinates of insulatorGi relative to the insulator G1. The height of the ground 

insulator corresponds to the air clearance between the MMC valve and the ground, which is 

determined by the withstand overvoltage of MMC-HVDC system. 

4. Geometric Discrete Modeling Method 

To improve the accuracy and speed of calculations, data derivation are used to discretize and 

model the key metal components of the converter valve. The size discretization method is defined as: 

shieldshield
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

M                 (20) 

In the Equation (20), M(x) denotes the discretization parameters data derivation system, Lshield, 

Wshield and Hshield are the actual dimensions of the shielding cover, Lshieldj, Wshieldj and Hshieldj are the 

distributed geometric parameters. 

The discretization modeling dimensions of the shielding cover are derived based on the 

relationship between the electric field and the meshing dimensions. The shielding cover significantly 

impacts the electric field distribution of the MMC valve, with the maximum electric field intensity 

typically located on its outer surface. The following section explains the basic principles of distributed 

modeling for the shielding cover. 

Shielding cover is divided into two parts, the cubic section and the curved section. The discrete 

modeling parameters for the cubic section are defined as: 
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               (21) 

In the Equation (21), ML0 the minimum value among the length XSP0, width Ysp0 and height Zsp0, 

Na0, Nb0 and Nc0 are the dimension proportionality coefficients. These ceiling value of the ratio 

between the length, width, height and their minimum value. 

The dimensions of the cubic section are discretized based on the dimension proportionality 

coefficient. The mesh division influence factor is proposed by discretized modeling parameters and 

principle of mesh partitioning. The modeling of the discrete size units and the mesh division 

influence factor are defined as: 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 March 2025 doi:10.20944/preprints202503.1001.v1

https://doi.org/10.20944/preprints202503.1001.v1


 12 of 17 

 

SP0

eL

a0

SP0

eL

b0

SP0

eL

c0

eL eL eL 0

0

m

min( , , ) m

m

meshM

X
X

N

Y
Y

N

Z
Z

N

X Y Z L

L
L

N


=




=



=

 =



=



 and 

eLh 0H

0H

0

0

0

min( , )

3

h

mh

mh

mMh

h

L r M

M
L

L
L

N


 =



=



=


        (22) 

In the Equation (22), Lm0 is the minimum value among the discrete modeling size units, XeL, YeL 

and ZeL are the discrete modeling size units of the cubic section of the shielding cover, Nm is the mesh 

division influence factor, LmeshM the maximum edge length of the mesh partitioning for the rectangular 

part of the shielding cover, MoH is the minimum value among the curved part size units, LeLh is the 

extension value or length of the curved section, rh is the radius of the curvature, Lmh0 is the discrete 

modeling size units of the curved part of the shielding cover, Nh is the mesh division influence factor, 

LmMh0 is the maximum edge length of the mesh partitioning for the curved section. 

In distributed modeling, both computational efficiency and accuracy be considered. Based on 

mesh partitioning principles, a partitioning influence factor is proposed in the design of the data 

derivation system. By suing the factor Nm or Nh, the electric field calculation for the MMC valve 

achieves rapid convergence while maintaining computational accuracy. 

5. Electric Field Calculation Results 

Based on the aforementioned discussion, an electric field calculation model has been established 

using the high-speed modeling method proposed in this paper. The main parameters of ±320 kV, 

1000 MW MMC-HVDC transmission system are shown in Table 1. 

Table 1. Main parameters of onshore MMC-HVDC system. 

Parameters of system Value 

DC voltage Udc ±320kV 

DC transmission power Pdc 1000MW 

Connection configuration symmetrical bipolar 

Sub-module topological half-bridge 

In accordance with data derivation system described previously, the system parameters in Table 

1 are calculated and derived. The resulting parameters for the MMC valve are presented in Table 2. 

Table 2. Parameters calculated by the data-derived system. 

Parameters of MMC valve Value 

DC voltage Udc 1.5625kA 

Rated voltage of the IGBT 3.3kV 

Rated voltage of sub-module 1.6kV 

Rated voltage of Capacitor 2.1kV 

Capacitance of sub-module 10mF 

Rated number of sub-modules per arm 200 

Number of sub-modules per valve 72 

According to the method described in Equation (6), the dimensions of the capacitor can be 

determined from its capacitance and rated voltage, allowing for the rapid construction of the electric 

field analysis model for the submodule. 
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The valve tower features a three-tier structure, with each valve component comprising six sub-

modules. The dimensions and structure of the MMC valve support frame can be readily determined 

based on Equation (15) and Equation (16). For components such as the shielding cover and grading 

ring, the limited available forms facilitate easy determination of their dimensions. The component 

models of the submodule, support frame, grading ring, and shielding cover are illustrated in Figure 

5. 

 

Figure 5. Model of the submodule, support frame, grading ring, and shielding cover. 

 The modeling parameters for interlayer insulators can be derived from Equation (18) based on 

the number of sub-modules per layer. The insulation level of the MMC valve to ground is determined 

by the DC voltage of the MMC-HVDC system, and the modeling parameters of the ground insulators 

can be obtained from Equation (19). 

By leveraging the position parameters of all components, which are calculated suing the data 

derivation system, the electric field model of the MMC valve can be rapidly established. The process 

of establishing the electric field model for the MMC valve is illustrated in Figure 6. 

 

Figure 6. The process of establishing the electric field model for the MMC valve. 

The maximum electric field on the outer surface of the MMC valve is located at the surface of 

the shielding cover. To achieve faster and more accurate calculation of the electric field strength, the 

shielding cover is discretized for modeling parameter calculation in accordance with Equation (22). 

The values of Nm and Nh m are both initially set to 1, discretization modeling and mesh are shown in 

Figure 7. 
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Figure 7. Discretization modeling and mesh of shielding cover. 

To compare the advantages of the method proposed in this paper, electric field modeling and 

calculation of the MMC valve are investigated using conventional analysis methods. The initial 

meshing diagrams for conventional modeling and distributed modeling are shown in Figure 8. 

 
(a) 

 
(b) 

Figure 8. Initial meshing of conventional modeling (a) and initial meshing of distributed modeling(b). 

As shown in Figure 8, the electric field model established using the conventional method has 

poor initial meshing quality, which fails to meet the required accuracy for field computation. When 

using the conventional method for electric field calculation, it is necessary to perform mesh 

refinement and optimization specifically tailored to the layout positions. 

This process typically requires multiple iterations of computation. The maximum electric field 

strength is used as a reference value. The relationship between calculation error rate, mesh density, 

and calculation time is shown in Figure 9. 
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Large computational errorLarge computational error

Small computational error

Long simulation time

 

Figure 9. Curve between error rate, mesh, and calculation time. 

As shown in Figure 9, in the conventional calculation process, multiple mesh refinements are 

required to obtain a relatively accurate electric field strength, and the calculation time is relatively 

long. The electric field distribution obtained using the conventional method after multiple iterations 

and the electric field distribution obtained using the method proposed in this paper (with Nm=1 and 

Nh=1) in a single calculation are shown in Figure 10. 

 
(a) 

 
(b) 

Figure 10. Electrical field distribution of the MMC valve with convention model (a) and discretization model 

(b). 

As shown in Figure 10, electric field strength of the MMC is calculated rapidly and accurately 

using the high speed modeling method proposed in this paper. 

The comparison of the electric field calculation process using the high speed modeling method 

presented in this paper and the conventional method is shown in Table 3. 

Table 3. Comparison results of the two methods for electric field calculation. 
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Modeling 

methods 
Modeling time 

Mesh refinement 

factor 

Maximum electric 

field strength 
Error rate /% Simulation time 

Conventional 

methods 
>120h 

1(initial) 0.368kV/mm 18.4 2h 

6 0.3939kV/mm 12.66 10h 

10 0.415kV/mm 7.95 13h 

15 0.429kV/mm 4.88 14h 

30 0.438kV/mm 2.88 15h 

40 0.452kV/mm 0.22 20h 

50 0.455kV/mm 0.87 26h 

60 0.451kV/mm 0 30h 

75 0.451kV/mm 0 41h 

High speed 

methods  
<16h No operation 0.453kV/mm 0.4 4h 

As shown in the Table 3, the high speed electric field modeling method proposed in this paper, 

based on the characteristics of electric field and its main influencing factors, directly derives modeling 

parameters from system parameters through data derivation. By omitting the process of simplifying 

mechanical models to electric field models, the modeling time is significantly reduced. Additionally, 

for regions of interest in the electric field, a distributed modeling approach is adopted, integrating 

the meshing process with model construction, thereby substantially enhancing the accuracy and 

speed of electrostatic field calculations. 

6. Conclusions 

A high-speed modeling method for MMC valve based on data derivation is proposed in this 

paper. The data derivation is used to generate multiple sets of parameters from a limited number of 

system input parameters (three to four). These derived parameters are then utilized to establish the 

electric field analysis model for the MMC valve. Firstly, the relationship between the MMC valve 

electric field calculation model parameters and the MMC-HVDC transmission system parameters 

was studied. Then, the data derivation system for the electric field calculation model parameters of 

all components of MMC valve was established. Modeling parameters database based on empirical 

knowledge is also used in the calculation process of the data derivation system. The output model 

parameter matrix includes the geometric parameters, position parameters, and electrical parameters 

of the components. The electric field calculation model of the MMC valve can be quickly generated 

by output model parameter matrix. Furthermore, to improve the accuracy of the calculations, a 

discrete modeling method that combines mesh optimization was proposed. A mesh division 

influence factor based on the accuracy of electric field calculation is proposed. Finally, the method 

proposed in this paper was applied to the ±320kV MMC-HVDC valve for electric field modeling and 

calculation. The numerical results demonstrates that the high-speed modeling method proposed in 

this paper can significantly reduce the modeling time of the converter valve and greatly improve the 

accuracy of electric field calculation. 
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