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Abstract-This work develops and benchmarks surrogate mod­
els for Dynamic Phasor (DP) simulation of electrical drives. DP 
simulations of complex systems may be time-consuming due to the 
increased number of equations. Thus, it is desirable to have a data­
driven approach to compute the critical state/control variables 
and power losses. The surrogate models are intended to be used 
as a steady-state equivalent of the DP simulation model. We 
consider the Gaussian Process (GP), Multi Layer Perceptron, and 
Random Forest as surrogate models. Among other techniques, 
GPs are found to have good accuracy. Moreover, GPs are data­
efficient and have desirable properties, such as built-in uncertainty 
quantification. The study shows that the GP performs better 
compared to other techniques in terms of the Mean Squared 
Error of the prediction, while still being very fast to evaluate. We 
illustrate the potential of these surrogate models to also predict 
transient behavior. 

Index Terms-Dynamic phasor, Induction machine, Permanent 
magnet synchronous motor, Surrogate modelling, Gaussian Pro­
cess 

I. INTRODUCTION

Conventionally, Electromagnetic-Transient (EMT) simula­

tions and steady-state phasor simulations are widely used for 

simulating power grids. EMT simulations are suitable for 

switched power converters at the cost of increased computation 

and simulation time and steady-state phasor simulations are 

extremely fast but they are not suitable for transient studies. 

Dynamic Phasor (DP) combines the advantages of both EMT 

and steady-state phasor methods by performing frequency-shift 

operation on the original time-domain signal. This results in a 

complex signal that captures the envelope of the original time­

domain signal. The DP method allows a larger time step and 

allows selective modelling of dominant frequencies. However, 
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for complex systems, due to the increased number of equations, 

the simulation time may increase. In this study, we investigate 

the performance of several data-driven surrogate models which 

are built upon the data set recorded from the DP simulation. 

Recently, surrogate models have been applied to power elec­

tronic converters focusing on the thermal modelling of power 

electronic devices [l], [2]. The input power and simulation time 

are considered as input parameters and they are mapped to the 

junction temperature [l]. In [2], an algorithm is developed 

to extract parameters of thermal models. Furthermore, in [3], 

surrogate models were developed for reliability and lifetime 

analysis of power electronics. 

In a previous study [1], a neural network (NN) is used, 

however, NNs need a lot of data to perform well. Secondly, 

NN hyperparameter selection is hard. Finding the right archi­

tecture per problem is a time-consuming process. Considering 

those drawbacks, we benchmarks several surrogate modelling 

techniques namely: the Multi Layer Perceptron (MLP) [4], 

Gaussian Process (GP) [5], [6], [7], and Random Forest (RF) 

[8]. MLP is one of the standard variants ofNNs for a regression 

problem. GPs could be a suitable alternative to NNs, as GPs are 

data-efficient, able to use prior knowledge via the choice of the 

kernel function, and also it can capture the model uncertainty 

when seeing new data. The latter could be useful for decision 

making, active learning, or anomaly detection. Furthermore, 

unlike NNs; GPs do not need time-consuming hyperparameter 

tuning. 

We consider two motor types for the surrogate models: 

Induction Motor (IM), and Permanent Magnet Synchronous 

Motor (PMSM) drives based on DP simulations. The surrogate 

models are built to map the input variables such as DC link 

voltage, load torque, and speed reference to the output variables 

of the drive including stator currents, modulation ratio, and 

modulation angle. Furthermore, the input variables are also 

mapped to the losses in the drive. We consider the mechanical 

and electrical losses for the motor. For the three-phase inverter, 
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we consider the conduction and switching losses. The surrogate 
model can be used as the steady-state equivalent of the dynamic 
simulation model. Further, we also demonstrate the potential 
usage of the surrogate model to predict the transient behaviour. 

II . DP MODELLING OF ELECTRICAL COMPONENTS 

A. Electrical System Description

Three Phase 
Inverter 

IM/PMSM 

Vector Control 
FOC 

Fig. 1: Electrical system layout 

The model of the electrical system considered is shown 
in Figure 1. The system consists of a three-phase 2-level 
converter that interfaces a DC power supply and an AC 
electrical motor. In this paper, we have considered two motor 
types: a three-phase squirrel cage Induction Motor (IM) and a 
Permanent Magnet Synchronous Motor (PMSM). A suitable 
Field Oriented Control (FOC) strategy is used for both types 
of motor to track the desired mechanical reference speed of 
the motor by actively controlling the output voltage vectors of 
the three-phase inverter. 

B. Dynamic Phasor (DP) Modelling Approach
Dynamic phasors are considered for modelling the electrical

components. The dynamic phasors are the time-dependent 
Fourier coefficient of a periodic signal with period T and they 
are defined as follows: 

(1) 

(2) 

:
t (

vh(t) = \ ! v \ (t) - jw0 k (1/Jh(t) (3)

The product of two dynamic phasors, v and i is calculated 
through the discrete convolution principle given by (4). 

00 

(vi)k = L \Vlk-z(i/z (4) 
l=-oo

Considering that the electrical power flowing in the system 
is primary caused by the DC component of voltage/current 
and the fundamental 50 Hz component of voltage/current, the 
power definition as per ( 4) can be reduced to the following: 

(p)o = Mo(i)o + 2lR{ \V/ 1 (i)_1} 

M o
= 2S'{ M 1 (i)_1} 

AC electrical machines are typically modelled in the 
Direct-Quadrature (DQ) domain [9]. The stationary domain 
phasors Vabc can be transformed into positive sequence DQ do­
main phasors using the transformation in (5), where a= eJ2 i 
[9]. 

a (5) 

C. Induction Machine (IM) Model
The stator flux and rotor flux depend on the stator

currents ips and rotor currents ipr as shown below: 

[�;;] = [£: i:] [t] (6) 

Here, Ls , Lr and Lm represent the stator self-inductance, rotor 
self-inductance and mutual inductance between stator and rotor 
respectively. 

1) Stator Equations: The stator currents are driven by
the applied stator voltage Vps and electrical supply angular 
frequency W8 • 

(7) 

In the above equations, rs represents the equivalent stator 
resistance. 

2) Rotor Equations: Due to the squirrel cage rotor as­
sumption, there are no externally applied voltages. The rotor 
currents are driven by the flux from the stator. r r represents 
the equivalent rotor resistance and Wslip represents the slip 
frequency. 

(8) 

3) Torque and Angular Velocity Equations: The electrical
torque Te developed by the IM and the mechanical angular 
speed Om equation obtained by torque balance is given below: 

Te = �p(Aps,reips,im -Aps,imips,re )

dOm J-- =T -BO -TL
dt 

e m 

(9) 

(10) 

In the above equations, p represents the number of pole pairs 
in the stator, B is the coefficient of friction and TL is the load 
torque. The slip frequency in IM is defined as follows: 

Oez =pOm 

Wslip = Ws - Oez
(11) 
(12) 

4) Field Oriented Control: In FOC, the rotor flux is held
constant in a particular orientation Apr,re = A0 and Apr,im = 0 
which allows a linear relationship between the required electri­
cal torque and current. An external speed controller generates 
the torque command as shown in Figure 2. The imaginary axis 
current contributes to the torque developed, thus depending 
on the torque, the current reference is calculated according to 
(13). 

·* T; 
i . = -�c'---
ps,im 1 5 bn_ A. p Lr o 

(13) 
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