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This paper studies the user-defined modeling (UDM) method in PSS/E and applies it to a modular multilevel converter high-voltage direct current (MMC-HVDC) system. First, the mechanism of PSS/E UDM is discussed, including the requirements of the model call, storage space allocation, and flows of dynamic simulation. Then, a generic UDM method applicable to various objects is proposed in PSS/E, considering both the internal structures of models and their interfaces with the PSS/E main program. Next, the design of multiple time scales of UDM is presented for hybrid step size simulation. Accordingly, a user-defined MMC-HVDC system model is built in PSS/E considering the converter, DC-line, control system, and system interface. Finally, the model is compared with a PSCAD electromagnetic transient MMC-HVDC model in a modified two-area-four-generator system. The simulation results demonstrate the proposed UDM method.
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INTRODUCTION
Power system simulation is crucial for system planning, design, and operations; accurate modeling plays a key role in identifying potential system deficiencies. Recently, various power electronics-based devices such as voltage source converter high voltage direct current (VSC-HVDC) and wind power plants have been integrated into grids, presenting a challenge of system simulation and analysis (Liu et al., 2014; Vennelaganti and Chaudhuri, 2018; Li et al., 2019; Wang et al., 2019).
Although simulation toolsets provide various system component models, challenges exist, especially in extending, modifying, and improving the models. UDM is an effective solution that enables users to build, customize and refine models based on users’ requirements (Ahn et al., 2013). To cope well with various study cases, users would specify intellectual models that are perhaps not generic or supported by manufacturers.
The benefits of UDM have been studied in previous research (Saeedifard and Iravani, 2010; Peralta et al., 2012a; Peralta et al., 2012b; Xu et al., 2014; Kwon et al., 2017; Tang et al., 2018). Studies in (Xu et al., 2014) show that power system numerical simulations can be extended to MATLAB through UDM. UDM can also facilitate the development of models and control strategies. For instance, (Saeedifard and Iravani, 2010) develops a comprehensive mathematical model based on the negative and positive sequence decomposition technique. (Kwon et al., 2017) shows an improved droop control strategy for stability enhancement of VSC-MTDC systems in PSCAD/EMTDC. A novel topology of modular multilevel converter (MMC)-based distributed power flow controller is proposed in (Tang et al., 2018), providing an alternate method for power flow control. Furthermore, UDM allows considerable features and knowledge based on years of experience or design standardization to be integrated into PSS/E. A new UDM method is proposed in (Peralta et al., 2012a) and further developed in (Peralta et al., 2012b) based on the authors’ experience to enable accurate d-q frame VSC modeling in the blocked state.
As widely used in the power system simulation and analysis, PSS/E has been equipped with comprehensive UDM capabilities, which are prevalent in power system studies and result in economical and flexible solutions (Chen et al., 2014; Kwon et al., 2015; Zhang et al., 2015). In (Chen et al., 2014), SVC is modeled as a current source in PSS/E, injecting current into the connected bus to generate a transient response. Further studies in (Zhang et al., 2015) show that the modeling method proposed in (Chen et al., 2014) could apply to HVDC. The correctness of the user-defined CIGRE benchmark HVDC system is demonstrated through comparison with the example file in PSCAD. Moreover, a new controller for HVDC systems is integrated into PSS/E to improve transient variations in the DC voltage and current (Kwon et al., 2015).
The above reviews of UDM in PSS/E only focus on modeling a specific system or improving the response characteristics through PSS/E UDM. To the best of the authors’ knowledge, the fundamental nature of UDM in PSS/E, including mechanisms and modeling methods, is still poorly explored. Feature optimization and improvement of model accuracy of UDM in PSS/E also receive little attention.
Therefore, this paper explores the fundamentals of UDM in PSS/E. It studies the UDM mechanism in PSS/E in detail based on high fidelity modeling, including call processing, the storage and sharing of model data. It then proposes a generic UDM method applicable to various model objects. Subsequently, modeling with multiple time scales is achieved to improve accuracy. Finally, a user-defined MMC-HVDC system in PSS/E is modeled and compared with an accurate electromagnetic transient model in PSCAD, and time-domain simulations validate the proposed method.
The rest of this paper is organized as follows. Section 2 presents the mechanism of UDM in PSS/E. Section 3 describes the UDM method of PSS/E in depth. Section 4 implements the detailed modeling of an MMC-HVDC transmission system with the proposed method. In Section 5, case studies are presented to verify the proposed method, followed by conclusions.
MECHANISM OF USER-DEFINED MODELING IN PSS/E
The Framework of User-Defined Modeling in PSS/E
By achieving “industry standard” status, PSS/E has developed a natural evolution of organizational structures in response to a very definite power system simulation need. Due to space limitations, this study focuses on UDM, explaining how UDM works and interacts with PSS/E main program. Figure 1 is the framework describing relationships among different modules associated with UDM.
[image: Figure 1]FIGURE 1 | Relationships among different modules associated with UDM.
Users can design a wide range of constitutive models in PSS/E, when a standard library model cannot meet their requirements. User-defined models are recommended to be programmed in Fortran, compiled as a dynamic link library (DLL), added to the PSS/E working directory, and loaded by the main program.
The object subroutine library is the core of UDM and is also a sequence of models, carrying specific properties of the objects of interest. Usually, we use differential algebraic equations (DAEs) to describe equipment dynamics and build custom control blocks. However, these cannot be called directly by the PSS/E main program, as shown in Figure 1. Instead, this library needs to cooperate with other subroutines during the transient simulation process.
CONEC and CONET are a set of connection subroutines that link equipment models and their data with network elements. The model connection subroutines are specifications that prescribe a set of routines for performing common operations, such as calling a user-defined model from the model library and solving DAEs to update variables. In other words, the model connection subroutines bridge the gap between the PSS/E main program and the user model. These models require user designs for input and output flow. They are also a sequence of Fortran CALL statements connecting models from the PSS/E model library to network components.
The internal working arrays are responsible for storing and sharing data involved in UDM and participate in every single stage, including definition, connection, and calculation. The types of data involved in dynamic simulation calculations can be divided into four categories: constants, state variables, algebraic variables, and input variables. Obviously, one specific kind of internal working array corresponds to one specific type of data. Some general-purpose storage arrays bear the responsibility of storing model parameters in the model subroutine, while the interface arrays are designed for the network solutions in the main program. Furthermore, PSS/E specifies the location of one specific model through the storage locations reserved for that model reference during the model connection stage.
Requirements of Model Call and Storage Space Allocation
Figure 1 shows that internal working arrays associate with all of the other modules in UDM. During a simulation, the implementation of model functions often requires the call of relevant data and the return of calculation results. These data or results are stored in a group of named arrays, related to buses, machines, and loads. These quantities, such as VOLT, BSFREQ, MBASE, etc., are frequently needed as inputs and outputs in setting up and displaying the results of dynamic simulations (Siemens, 2013). User-defined models can access these quantities through the bus, machine, and load numbering sequences. There are also four general-purpose storage arrays: CON stores the model parameters that do not vary during the simulation, VAR stores the algebraic variables, STATE stores the state variables determined by differential equations, and DSTATE stores the state variable derivatives versus time.
Generally, the modeling of a complete system comprises numerous models in the PSS/E model library and user-defined model. The respective functions of these models are completed through the data call and the return of results. This process requires assigning individual spaces to each model and calling these data according to the types. Taking the storage space allocation of two user-defined models as an example, as shown in Figure 2, from the perspective of a single user-defined model A, different types of data are allocated in the corresponding locations of arrays using array indexes Ia, Ja, and Ka. For example, the EFD, VREF, and ECOMP arrays use index Ia, the CON array uses index Ja, while the STATE and DSTATE arrays use index Ka. As for the storage space allocation of two user-defined models, we only discuss the CON array; the other arrays are similar. Supposing that the location of the CON array in user-defined model A starts at Ja and ends at Ja+1, then the location of the CON array in user-defined model B starts at Jb, and the next locations are Jb+1, Jb+2, and so on.
[image: Figure 2]FIGURE 2 | Mechanisms for storage space allocation of internal arrays in PSS/E. The flow of dynamic simulation for UDM
Understanding the requirements of models in PSS/E is necessary whenever a new user-defined model is required. Each model completes different types of computations at different stages in the dynamic simulation process. As a result, a set of flags are used to communicate among PSS/E dynamic simulation activities. The simulation flag MODE varies from 1 to 8 and suits individual needs, as shown in Table 1.
TABLE 1 | Functions of MODE in PSS/E.
[image: Table 1]Stages represented by MODE 1 to MODE 8 are not all cyclically executed in each step during the simulation. When a user-defined model participates in simulation, MODE 1, 4, and 8 are executed only once during its initialization. On the contrary, MODE 2 and MODE 3 are dominant and are executed circularly in the user-defined model. MODE 7 checks the model parameters just after the dynamic data file is loaded. MODE 5 and MODE 6 are executed optionally, if necessary. Here, we only discuss the stages represented by MODE 1, 2, 3, 4, and 8. The primary flow of dynamic simulation based on MODE is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Flow of dynamic simulation based on MODE.
USER-DEFINED MODELING METHOD IN PSS/E
In this section, we propose a generic UDM method after identifying the mechanism of UDM in PSS/E in Section 2. The proposed method is well designed and easily coordinated with various objects. This method is composed of two main parts: the reasonable description of the internal structure and arranging the interface between the model output and PSS/E main program.
Realization of the Internal Structure
The core of this part is making clear the DAEs of an object and writing the responding subroutine to meet the requirements of UDM. Users need to analyze the DAEs first and confirm how many constant parameters, algebraic variables, and state variables relevant to the model are used, and distribute space in the CON, VAR, and STATE arrays by rules. Here, we consider the excitation system model ‘SEXS’ in the standard model library as an example.
As can be seen from the control block in Figure 4, the model is mainly composed of a lead-lag block and an inertia block. Suppose that the state variable in relation to the lead-lag block is E1, and the state variable in relation to the inertia block is E2. The allocation of storage space for constant parameters, state variables, and algebraic variables is shown in Table 2.
[image: Figure 4]FIGURE 4 | The control block of SEXS.
TABLE 2 | Storage allocation of array for SEXS.
[image: Table 2]The definition of arrays from CON(J) to CON(J+5) is carried out in MODE 8, and the number of state variables is subsequently updated in MODE 4. In the meantime, the initial values of the input, output, and state variables are confirmed through the power flow results in MODE 1. That is to say, we can obtain initial values of ECOMP(I), VREF(I), VOTHSG(I), and EFD (I) from the main program. Then the initial values of STATE(K) and STATE (K+1) can be determined through the logical relations among state variables, inputs, and outputs. The characteristic equations and DAEs representing the control system are written in the frequency domain in MODE 2. The decomposition of the first lead-lag block is shown in Figure 5.where E1 is set as STATE(K) and its derivative is stored in DSTATE(K), which can be expressed as:
[image: image]
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[image: Figure 5]FIGURE 5 | Decomposition of lead-lag control block.
The output of the second lag block E2 is set as STATE (K+1), and DSTATE (K+1) is handled similar to DSTATE(K). Finally, the values of the above state variables and algebraic variables are updated in MODE 3.
The Interface Between the User-Defined odel and PSS/E Main Program
An interface can connect the user-defined model and PSS/E main program. This interface is a shared boundary during simulation across which the user-defined model and PSS/E main program exchange information. The interface is not necessarily the same for all dynamic models because some models’ outputs must match with specific internal working arrays in the data library of PSS/E. In other words, these specific internal working arrays act as protocols to receive and send data. The excitation system of the generator, prime mover, and governor are typical representations. Again, taking the exciter as an example, the output variable excitation voltage is stored in the EFD array, which can be recognized and called by the main program directly. These internal working arrays serve as the interface and make interacting with the user-defined model and PSS/E main program easier.
On the other hand, no internal working arrays correspond to the physical variables represented by the models’ outputs for a flexible alternating current transmission system (FACTS), HVDC, or other complex electrical devices. Under these circumstances, the outputs cannot be directly recognized or called by the main program. Usually, an electrical device or component impacts the system at the connected bus by injecting power while the system provides a voltage that affects the dynamics of the component. Converting the injecting power into the equivalent current is advised not to lose impact at the connected bus. Consequently, the output as the injected current can be stored in the internal working array CURNT. This interface is established as shown in Figure 6.
[image: Figure 6]FIGURE 6 | Interface of user-defined model.
Realization of Modeling With Multiple Time Scales
A power system is a large-scale nonlinear system with high complexity, consisting of a large number of variables with different time constants. Some of the variables change rapidly, whereas others change relatively slowly. In this scenario, multiple time scales can characterize the power system. PSS/E mainly concentrates on electromechanical transients of power systems with a large step size, such as a half-circle; this is widely accepted, especially in AC systems. With full use of power electronic devices such as HVDC and FACTS, these models need a smaller step size than AC devices for precision. The contradiction arises when there is a large fixed step size and requirements for precision without additional computational burden. This section will discuss multiple time scales in UDM for higher accuracy.
The PSS/E main program performs data interactions with the user-defined model during each iteration of each step. When the user-defined model performs the internal calculation, the main program waits until the calculation ends. During this period, the value of the user-defined model imported by the main program maintains the current value. Once the calculation of the user-defined model is finished, the main program continues, and the user-defined model passes the results to the main program as a fixed value in the subsequent cycle of calculation.
According to the characteristics of the user-defined model, the entire calculation process is independent of the main program. The interface between the main program and the user-defined model is only for data transmission and does not affect the respective simulation processes. Therefore, a simulation with a hybrid step size can be realized by modifying the internal calculation process of the user-defined model. One needs to preset a large time step [image: image] for the main program of PSS/E and a small time step [image: image] for the user-defined model (e.g., HVDC system). During the time step [image: image], MODE 2 is executed in loops solving the differential equations according to the ratio of [image: image] to [image: image], while MODE 3 is executed only once to update the model’s output and return it to the main program. The realization mechanism of modeling with multiple time scales is shown in Figure 7.
[image: Figure 7]FIGURE 7 | Realization mechanism of modeling with multiple time scales.
USER-DEFINED MODELING OF AN MODULAR MULTILEVEL CONVERTER -HIGH VOLTAGE DIRECT CURRENT SYSTEM IN PSS/E
This section performs UDM of an MMC-HVDC system with the generic method proposed in this paper. Figure 8 is a diagram of the modeling of the MMC-HVDC system, which includes four modules: 1) converter; 2) DC-line; 3) control system; and 4) system interface. Modules 1), 2), and 3) are a realization of the internal structure, and module 4) is the interface between the user-defined model and PSS/E main program.
[image: Figure 8]FIGURE 8 | Diagram of the modeling of an MMC-HVDC system.
Internal Structure
Converter
The equivalent circuit of a single MMC on the AC side is shown in Figure 9, where point of common coupling (PCC) is the converter bus on the network side, Rt and Lt respectively represent the resistance and reactance of the converter transformer, and Rp and Lp respectively represent the resistance and reactance of the bridge arm.
[image: Figure 9]FIGURE 9 | The equivalent structure of a single MMC on the AC side.
To facilitate the analysis and independent control of each physical quantity, the three-phase time varying quantities of the MMC-HVDC system are transformed into physical quantities under the d-q rotating coordinate system perpendicular to each other. Assuming that the positive sequence fundamental component of the converter bus voltage is in the same direction as the d-axis, the mathematical model of the voltage source converter at this coordinate is as follows:
[image: image]
where L = Lt + Lp, R = Rt + Rp, ω is the fundamental angular frequency of the system, usd and usq are respectively the d and q components of the voltage at converter bus, ud and uq are respectively the d and q components of the fundamental voltage at the midpoint of the converter bridge arm, and id and iq are respectively the d and q components of the current injected into the converter bus.
DC-Line
This paper uses a π-type circuit to simulate the DC transmission line. The equivalent circuit diagram is shown in Figure 10.
[image: Figure 10]FIGURE 10 | Equivalent circuit of the DC-line.
In Figure 10, the subscript i represents the variable of the MMCi and Ceqi is the equivalent sub-module capacitance for six bridge arms of MMC, which can be expressed as:
[image: image]
where Csm and Nsm respectively represent the capacitance and number of sub-modules.
For MMCi on the DC side, the equations are as follows:
[image: image]
where isci is the total current injected into the DC side of MMCi, and is composed of the current ici injected into the equivalent capacitor and the current idci from DC node i to DC node j.
For the DC-line from i to j, the equations are as follows:
[image: image]
[image: image]
where CLij, LLij, and RLij are respectively the capacitance, inductance, and resistance of the DC-line and iccij is the current injected into the capacitor of the DC-line.
Control System
The basic controller of a single MMC in the HVDC system is shown in Figure 11, and consists of inner and outer control loops accompanied by a modulation controller. Consider the presence of certain time lags when ud and uq track udref and uqref:
[image: image]
[image: image]
[image: Figure 11]FIGURE 11 | Control architecture of a single MMC.
Considering that the outer loop controller may generate excessive reference current even beyond the physical tolerance of the valve when the system is undergoing disturbances, a current limiting link should be added between the outer loop controller and the inner loop controller. This paper adopts the d-axis priority current limiting mode, as shown in Figure 12 (Giroux and Sybille, 2006).
[image: Figure 12]FIGURE 12 | The principle of d-axis priority current limiting.
System Interface
According to the above details, the system interface of an MMC-HVDC system should be achieved through CURNT, which is an internal array loading the injection current data and feeding it back to the network for calculation. The model output needs to be converted into the current injection in accordance with the format of CURNT, which is composed of real and imaginary components. The converter equation shows that the outputs are isd and isq in the d-q rotating coordinate system. Therefore, it is necessary to perform a coordinate transformation to obtain the current in the x-y stationary reference frame. The d, q components of the current mentioned above are converted into P, Q, and then we can get the x, y component of the current as shown in (Eq. 10):
[image: image]
where id and iq are the same as those in (Eq. 1); ix and iy are the x and y components of the current injected into converter bus, respectively; us is the voltage vector at the converter bus; j is the imaginary unit; and Re and Im respectively represent the real and imaginary parts of the vector.
When a fault is applied to the system, the MMC-HVDC system will change the output current value so as to control the active power, DC voltage, and bus voltage. The implementation of the process is shown as follows:
[image: image]
where CURNT(I)n and CURNT(I)n+1 are current injection value in the N-th time step and the next time step, respectively; I is the number of the converter bus; and ix and iy are the x and y components of the current injected into the converter bus, respectively.
Detailed Modeling Procedure
In summary, in MODE 8 the CON array allocates storage for constants such as gains and time constants of control blocks, resistances and capacitances of the DC-line, etc. The detailed allocation of storage space for constant parameters is shown in Table 3. Subsequently, the maximum number of integrators is set to 20 according to the number of state variables in MODE 4. The state variables involved in the MMC-HVDC system are mainly the outputs of PI controllers, DC voltages, DC currents, and valve currents. The allocation of storage space for state variables is shown in Table 4. All of the above variables are initialized using the steady-state solutions of the AC and DC networks in MODE 1.
TABLE 3 | Storage allocation of CON array for MMC-HVDC.
[image: Table 3]TABLE 4 | Storage allocation of STATE array for MMC-HVDC.
[image: Table 4]After initialization, we can handle the DAEs of converters, DC-line, outer loop, inner loop, and modulation controller. In MODE 3, the output quantities such as active power, reactive power, and DC voltage, etc., are updated. These quantities are then delivered to MODE 2 as inputs of the DAEs. In MODE 2, derivatives of the state variables in the DAEs are confirmed and stored in DSTATE arrays. Through integral calculation, the valve currents and DC voltages are finally delivered to MODE 3 again to update the output quantities. Considering that the transient simulation of the MMC-HVDC system is in need of hybrid time steps, during a single time step MODE 2 is executed in loops to solve the DAEs as presented in Section 3 while MODE 3 is executed only once to update the output of the model. MODE 2 and MODE 3 are executed in turns until the simulation ends. As for the system interface, the update of CURNT is implemented through writing the codes in the form of auxiliary functions in MODE 3. In this way, the internal structure and dynamics of the MMC-HVDC system are successfully presented.
STUDY CASES
Test System and Simulation Conditions
A modified two area-four generator system is used to validate the proposed method and MMC-HVDC user-defined model, as shown in Figure 13. The rated active power of the MMC-HVDC system is 400 MW, and the AC transmission line transfers 200 MW of active power from bus 7 to bus 8. The rated DC voltage of the MMC-HVDC system is 400 kV; other detailed parameters of the test system are from (Kundur et al., 1994).
[image: Figure 13]FIGURE 13 | Test system.
This section builds the user-defined electromechanical model of MMC-HVDC in PSS/E and compares performance with the accurate electromagnetic transient model in PSCAD. The simulation step sizes are 200us in PSCAD and 10 ms in PSS/E.
Transient Simulation and Comparison
Case 1: MMC-HVDC systems with controls are modeled separately in PSCAD and PSS/E. The model in PSCAD is accurate and acts as the reference. The rectifier controls the active power and the AC voltage, while the inverter controls the DC voltage to the set point and the AC voltage. At 2.0 s, an instant three-phase fault is applied to bus 8 then cleared 0.1 s later. Figure 14 shows responses of the DC voltage and active power.
[image: Figure 14]FIGURE 14 | Dynamic response of the MMC-HVDC system in PSCAD and PSS/E. (A) DC voltage of rectifier (B) DC voltage of inverter. (C) Active power of rectifier (D) Active power of inverter.
As shown in Figure 14, the DC voltage and active power are almost the same in PSCAD and PSS/E in the steady states. Even during the transient process, the largest mismatch is less than 0.1 p.u. This demonstrates that the dynamic responses of the models in PSS/E and PSCAD coincide well. Although the results in PSCAD contain some high-frequency oscillations, the effect of the oscillation on the transient stability is clearly restricted. The main differences between the two models lie in the fact that the electromechanical transient model only considers the fundamental wave. However, the electromagnetic transient model takes the high-frequency component into consideration.
Case 2: According to the above results, the stability of the DC voltage during transient simulation can be further improved. The extensibility of UDM is illustrated with a user-defined auxiliary controller added to the above MMC-HVDC model in PSS/E. The controller, the structure of which is shown in Figure 15, is proposed in (Stamatiou and Bongiorno, 2017) and has been proven effective. The rectifier and inverter both select the user-defined auxiliary controller, and they still control the AC voltage simultaneously. The same fault is applied again, with the results of models with the basic controller and user-defined controller in PSS/E shown in Figure 16.
[image: Figure 15]FIGURE 15 | Control architecture of user-defined auxiliary controller.
[image: Figure 16]FIGURE 16 | Dynamic response of the MMC-HVDC system with two different controllers in PSS/E. (A) DC voltage of rectifier (B) DC voltage of inverter.
During the transient process, the DC voltage of the model with the user-defined controller fluctuates in a smaller range and recovers faster compared with the basic controller. The flexibility of UDM is highlighted.
Case 3: A severe permanent trip-line fault is executed in both PSCAD and PSS/E further to test the performance of the user-defined MMC-HVDC system. A three-phase permanent fault is applied to bus 8 at 2.0 s, and the AC transmission line from bus 7 to bus 8 is permanently tripped 0.1 s later. Regarding the flexibility of the MMC-HVDC system, the set point of the active power at the rectifier is increased from 400 to 600 MW to make up the power shortage. Figure 17 shows the active power and DC voltage responses in Case 3.
[image: Figure 17]FIGURE 17 | Dynamic response of MMC-HVDC in Case 3. (A) DC voltage of rectifier (B) DC voltage of inverter. (C) Active power of rectifier (D) Active power of inverter.
Figure 17 shows that the results in both PSS/E and PSCAD still match with negligible error in terms of magnitude and phase. The rectifier rapidly follows the change of power set point and reaches the new stable condition of 600 MW at about 2.1 s. At the same time, the inverter still controls the DC voltage at the initial set point after the fluctuation of power due to constant DC voltage control. As a result, the whole system is stable again with the adjustment of the MMC-HVDC system. The controllability and validity of the user-defined MMC-HVDC system model are thus again verified. This approach can be applied to extend various complex models.
The efficiencies of PSS/E built-in models, the user-defined model with a basic controller, and the user-defined model with an auxiliary controller are also compared. The simulation is carried out on a platform featuring an Intel i5 CPU with 8 GB of RAM and employing PSS/E version 33.04. In conclusion, the user-defined models in PSS/E are all highly efficient and applicable to large-scale power systems.
CONCLUSION
In this paper, the mechanism of UDM in PSS/E is thoroughly investigated, including requirements of model call, storage space allocation, and flows of dynamic simulation for UDM The proposed method can effectively deal with the internal dynamic of a user-defined model and the interface between a user-defined model and PSS/E main program. The design of multiple time scales is proposed to meet the requirement of hybrid simulation steps. The significant contribution of this paper is the UDM method, which is suited to various objects in PSS/E. Following this method, a user-defined MMC-HVDC system model is presented in PSS/E and compared with the accurate electromagnetic transient MMC-HVDC model in PSCAD on a modified two area-four generator system. Detailed case studies show the validity of the proposed method and the user-defined MMC-HVDC model. Notably, a user-defined auxiliary controller based on users’ insight demonstrates the benefits of UDM, which shows the flexibility and extension for individual requirements. All results indicate that the proposed generic UDM method in PSS/E is efficient and fulfills requirements for model expansion, modification, and improvement.
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