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 Abstract - The use of fast semiconductor components such as IGBT 
and SiC in Adjustable Speed Drives (ASD) increases power density 
and provides better controllability. Nevertheless, secondary effects 
such as overvoltage at the motor terminals appear and can affect 
the reliability of the Electrical Insulation System (EIS). The 
overvoltage is due to the propagation and reflection phenomena 
along the harness. In this paper, we propose a fast frequency model 
to simulate motor overvoltage. Their maximum level is studied 
according to the following parameters: inverter dv/dt, harness 
length and motor impedance. 
 
 

I. INTRODUCTION 
 
 

The Adjustable Speed Drives (ASD) aboard more electrical 
aircraft (MEA) are currently fed by fast switching (60ns) PWM 
IGBT converters. To improve the converters power density, the 
very fast (20ns) Wide Bandgap semiconductor technologies 
(Silicon Carbide) are currently under evaluation. The voltage 
level aboard new aircraft generations has grown from 270Vdc 
to 540Vdc. Using fast inverters in ASD with long harness and 
fed by the new HVDC network 540V favours generation of 
high overvoltage level at the motor terminals (>1000V). 

In this paper, we propose a fast and accurate frequency 
model to evaluate the ASD high frequency behaviours, in 
particular, the overvoltage at the motor terminals. 

 
 

II. FREQUENCY MODELLING 
 

We assume that the inverter modulator only switches one leg 
inverter at a time. Then, for the case of a three-phase inverter 
with three legs, there are always two parallel legs of the 
inverter in steady state (red and blue phases on Fig. 2) with a 
third leg (the yellow phase) that is switched [1]. In this paper, 
we focus only on the phase-to-phase overvoltage, also called 
differential mode voltage. 

A. Inverter 
The inverter is a strongly nonlinear device. A rigorous study 

of its commutations is usually ensured by time-domain circuit 
solver such as SPICE. Unfortunately, this approach takes a lot 
of calculation time and sometimes encounters convergence 
problems. 

In order to linearize the inverter model, we assume that its 
dynamic behaviour is independent of its load (harness and 
motor). Therefore, the inverter can be represented by a perfect 
voltage source with trapezoidal waveforms (Fig. 1). 

 The inverter switching is characterised by the dv/dt (rise 
time: tr and fall time: tf). The   ringing phenomena caused by 
inverters parasitic elements could be taking in an account as 
explained in [2]. 

 
Fig. 1. Differential mode equivalent linear model of three-phase inverter 

B. Harness 
In the frequency domain, the propagation of voltage and 

current along the harness can be described by an exact solution 
of telegrapher’s equations[3]. The harness usually is 
symmetrical and reciprocal device, this allows to easily 
establish an equivalent T circuit model (Fig. 2). The T circuit 
parameters are calculated from the per-unit harness primary 
parameter RLCG as detailed in[2]. This modelling takes easily 
into account losses and frequency dispersion. 

 
Fig. 2 Frequency exact T circuit of CF-AWG18 based harness. 

C. Motor 
To rigorously study the impact of motor impedance on 

overvoltage, we performed a differential mode impedance 
measurement using a 120 MHz impedance analyzer (Fig. 3). It 
is common to use Vector-Fitting technique to look for a causal, 
stable and passive equivalent circuit in order to make 
simulations in circuit solvers[4], which is far to be an easy task. 
With our proposed frequency approach, we can directly use the 
measured impedance, or eventually after a simple smoothing. 

D. Overvoltage simulation methodology 
Given the circuit modelling composed of different parts 

explained in (Fig. 1, Fig. 2 and Fig. 3), we establish an 
analytical transfer function of differential mode motor voltage 
(equation.1). 

 𝑣 (jw) =
( ) ( )  

 
            (1) 



 
Fig. 3. Wide band frequency model of 15kW permanent magnet motor. 

 

𝑣 (𝑗𝑤) (inverter’s voltage) and 𝑢 (𝑗𝑤) (motor’s back 
emf) are obtained by applying the FFT on their temporal 
measurements. After calculation of 𝑣 (𝑗𝑤) in the frequency 
domain, the iFFT is used to return to time domain and directly 
describes the steady state response. The calculation time is 
extremely short: less than 50ms by using a Core i5 5300U - 8 
GB RAM personal computer (simulation use the inverter 
voltage waveform of Fig. 1 with switching frequency of 30kHz 
and sampling frequency of 1GHz). Indeed, the mathematical 
formulation is linear, so the spectrum components are 
decoupled and the calculation is not iterative. 

 

III. OVERVOLTAGE PARAMETRIC STUDIES 
Fig. 4 gives an overvoltage at motor terminal generated by 

8kV/µs inverter fed 15kW motor through 2m, 15m and 30m 
harnesses. The simulation use parameters shown in Fig. 2 
(harness) and Fig. 3 (motor). It shows an expected result: the 
maximal overvoltage value increases according to cable length. 
Note also that the dv/dt value decreases according to the 
harness length, for 15m, it is equal to 2.5kV/μs compared to 
that of the inverter, which is equal to 8kV/μs. 

 
Fig. 4. Simulated overvoltage at motor terminals with dv/dt=8kV/µs for three 

harness length : 2m, 15m and 30m. 
Nevertheless, the critical length from which the overvoltage 

is approximately equal to 2*Vdc is found to be greater than 
30m, whilst the expected value is around 8m[5]. One reason 
for this difference is the fact that the usual machine impedance 
model used in literature for this purpose neglects the frequency 
dependence and is assumed constant and real [5]. 

To study the impact of the motor impedance on overvoltage 
at its terminals, we simulate and plot the maximal motor 
voltage according to the harness length. Two dv/dt are 
considered, an IGBT dv/dt: 8kV/µs and a SiC dv/dt: 40kV/µs. 
Concerning the motor impedance, two cases are simulated: 
infinite impedance and the measured impedance of Fig. 3. 

Fig. 5 shows the results of this overvoltage parametric study. 
The overvoltage obtained by neglecting the motor impedance 
(> 5000 Ohm) are similar to those proposed in the literature 
[5][6]. The harness critical length of IGBT switching is around 
8m and that of the SiC switching is around 2m. Taking into 
account the motor impedance masks the glaring difference of 
500V between SiC overvoltage and the IGBT overvoltage. 
When considering the motor impedance, the gap of 
overvoltage between the two technologies is around 50V. In 
addition, the critical harness lengths are the same for the both 
switching speeds. It is relatively high and equal to 48m.  

Some additional experimental investigations not presented 
in this paper confirm those overvoltage trends according to the 
motor impedance. 

 
Fig. 5. Motor overvoltage as function of dv/dt and harness length, with and 

without the motor impedance 

IV. CONCLUSION 
In this paper, we proposed an original, very simple and very 

fast frequency model to simulate overvoltage phenomena in 
ASD. An analytical formula is established taking into account 
inverter, harness and motor characteristics. Thanks to the 
circuit representation, hardware and/or software mitigation 
technique could be easily evaluated. 

The overvoltage parametric study shows that the motor 
terminals voltage dv/dt decreases according to the harness 
length. It shows especially the important influence of the motor 
impedance on overvoltage. In our studied case, there is just a 
gap of 50V between overvoltage generated by SiC-40kV/µs 
technology and that generated by IGBT-8kV/µs technology. 
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