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Abstract: This paper introduces a state-of-the-art inverter–machine codesign methodology for achiev-
ing an energy-efficient electric drive system. The methodology is applied in an optimal design
case study with the context of the latest trend in the 800 V system. To reduce the voltage rating, a
three-level active neutral point clamped topology is utilized in the inverter design, incorporating
silicon carbide technology for high-speed operation. This combination allows for efficient power
conversion with reduced losses. In the machine design, the increased number of poles that can be
achieved in the design phase, along with the utilization of high-speed switching frequencies, enables
the development of more efficient machines. Based on the design of the experiment method, by
optimizing the parameters of both the inverter and machine simultaneously, using a cosimulation
model, the 7.7% of total energy loss during drive cycle operation can be improved.

Keywords: multilevel inverter; three-level active neutral point clamped inverter; wide bandgap;
800 V traction drive; energy loss consumption; optimization design; design of experiment; interior
permanent magnet synchronous machine

1. Introduction

The increasing adoption of electric vehicles (EVs) has prompted extensive research
on high-voltage electric drive systems, such as 800 V systems, in order to improve driving
range and battery charging speed [1]. In [1], an 800 V system allows for a higher operating
voltage limit for the motor compared to a conventional 400 V system, thus enabling high-
speed operations and loss reduction due to lower current. However, this necessitates design
adaptations to accommodate the increased voltage. Specifically, the power device of the
inverter must be engineered to withstand an 800 V load, and as such, devices with a rated
voltage of 1200 V are primarily employed to account for safety margins. The deployment
of wide-bandgap (WBG) devices such as silicon carbide (SiC) and gallium nitride (GaN)
provide distinct advantages in terms of enhancing the inverter efficiency and decreasing
filter size under high-voltage conditions due to their superior breakdown voltage and
diminished switching losses compared to silicon-based devices [2–4]. Moreover, the total
harmonic distortion (THD) of the output voltage and current can be improved with a
higher switching frequency, which notably boosts motor efficiency [5]. The multilevel
topology of the inverter enables a decrease in the voltage level applied to each power
device, which in turn allows for the utilization of a device with a voltage rating 650 V
rather than one with 1200 V rating. This not only improves efficiency but is also effective in
reducing THD [6]. Particularly, the active neutral point clamped (ANPC) inverter topology
holds a notable advantage in terms of managing and balancing the losses of each device
relative to the modulation technique when compared to the other multilevel topologies
such as neutral point clamped (NPC) [7,8]. In the context of EV traction drives, interior
permanent magnet synchronous machine (IPMSM) is widely used due to their impressive
power density and efficiency, which has sparked numerous investigations into IPMSM
design [9–11]. However, the interaction between the design variables of the inverter and
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those of the machine cannot be overlooked, particularly in applications involving high-
speed operations. For example, determining the most efficient pulse width modulation
(PWM) strategy is heavily influenced by machine parameters and main load conditions
such as the load current, inductance of the machine, power factor and modulation index
(MI) [12]. Therefore, it is essential to accurately interpret the main load conditions, identify
the optimal machine design parameters, and evaluate the impact of an inverter PWM
strategy while taking these factors into account. While substantial research has been
conducted on energy-efficient design in each field of inverters and motors individually,
studies integrating the design parameters of these two key components concurrently
remain limited. This paper presents an integrated inverter–machine design methodology,
considering the interactive aspect of traction drives in an 800 V system. Utilizing SiC devices
and a three-level ANPC topology, the optimal switching frequency and PWM strategy
are identified, and an enhanced machine design that aligns with the increased switching
frequency is presented. Through the design of experiments (DOE), an energy-efficient
design process that simultaneously considers both inverter and machine parameters is
executed with an emphasis on the drive cycle under the worldwide harmonized light
vehicles test cycle (WLTC) class 3. Additionally, the experimental results corresponding to
the frequency and PWM strategies of the 3L-ANPC are dealt with by utilizing resistance and
inductor loads. This approach promotes an integrated perspective that could significantly
enhance overall system efficiency.

2. Energy Loss Consumption under Drive Cycle

The benchmark specification of the 800 V traction model is provided in Table 1. The
inverter design employs a conventional two-level half-bridge topology, and the power de-
vice is comprised of Si-insulated gate bipolar mode transistors (IGBTs). Due to the thermal
restrictions of the IGBTs, the switching frequency is set at 12 kHz. The machine design
involves an IPMSM and utilizes a hairpin-type winding. This design enables enhanced
power density, thanks to a higher fill factor within the slot compared to typical circular
distributed windings [13]. To improve energy efficiency, the target is the minimization
of total energy loss consumption during the WLTC class 3 cycle [14]. The WLTC has
been adopted as a standard for measuring fuel economy in numerous countries beyond
Europe, and it effectively reflects actual driving conditions and driver habits. Using this as
a basis for designing electric drives can enhance energy reduction efforts by focusing on
areas of more frequent usage. Based on the vehicle specifications outlined in Table 2, the
torque–speed profile of the machine can be calculated from the vehicle speed profile. The
general longitudinal vehicle dynamic model is shown in Figure 1. Using Equations (1)–(7),
the vehicle profile is converted to the torque versus the speed profile of the IPMSM, where
Fdrive, Fm, Fr, Fa, and Fc are the driving force, acceleration force, rolling resistive force,
aerodynamic drag force, and climbing force, respectively.

Fdrive = Fm + Fr + Fa + Fc (1)

Fm =

(
Mv +

I·G2·ηg

TDR2

)
·a (2)

Fr = Crr·Mv·g·cos θe (3)

Fa =
1
2

ρ·AF·Cd·v2 (4)

Fc = Mv·g·sin θe (5)

ωm = v· G
TDR

(6)
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Tm = Fdrive·
TDR

G
1
ηg

(7)

Table 1. Benchmark specifications of 800 V traction model.

Item Specification

Peak power/torque 120 kW/195 Nm

Nominal DC-link voltage 640 Vdc

Maximum speed 16,500 rpm

Inverter
Topology Two-level half-bridge

Power device Si-IGBT/diode
Switching frequency 12 kHz

Machine

Pole/slots 8/48
No. of series turns per phase 32 turns

Winding type Hairpin rectangular wire

Table 2. Specifications of the vehicle.

Item Symbol Unit Specification

Vehicle weight Mv kg 2050
Motor inertia I kg m2 0.0025

Gear ratio G - 9.18
Gear efficiency hg % 97

Tire dynamic radius TDR m 0.35
Rolling resistance coefficient Crr - 0.008
Air drag resistance coefficient Cd - 0.21

Air density r kg/m3 1.25
Frontal area AF m2 2.1

Vehicle speed v m/s Profile
Acceleration a m/s2 Profile

Regenerative brake ratio % 70 (estimation)
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Figure 1. Longitudinal dynamics of vehicle. 

Figure 2 illustrates the machine profile that was transformed from the vehicle profile. 
When designing to minimize energy loss consumption, taking into account all operating 
points depicted by green dots in (b) is a complex task that demands considerable time and 
resources. Consequently, after partitioning the load point into several subregions, a rep-
resentative point can be computed, where the sum of the energy of the load points in the 
subregion equals the energy value at a singular point [15]. The ten points, indicated by 

Figure 1. Longitudinal dynamics of vehicle.

Figure 2 illustrates the machine profile that was transformed from the vehicle profile.
When designing to minimize energy loss consumption, taking into account all operating
points depicted by green dots in (b) is a complex task that demands considerable time
and resources. Consequently, after partitioning the load point into several subregions, a
representative point can be computed, where the sum of the energy of the load points in
the subregion equals the energy value at a singular point [15]. The ten points, indicated by
diamond shapes in (b), are the representative points calculated using Equations (8)–(10),
where Ni denotes the quantity of points in the ith subregion, Emi signifies the energy of the
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ith region, and nmci and Tmci represent the speed and torque at the energy gravity center
point, respectively. In this paper, with these ten representative points, the improved design
is conducted and assessed.

Emi = ∑Ni
j=1,2,··· Emij (8)

nmci =
1

Emi
∑Ni

j=1,2,··· Emijnmij (9)

Tmci =
1

Emi
∑Ni

j=1,2,··· EmijTmij (10)
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Figure 2. WLTC class 3 driving cycle: (a) vehicle profile (time–speed); (b) traction drive profile
(speed–torque); and representative operating points.

3. Design Improvements

A loss analysis was performed at ten representative operating points to calculate
the total energy consumption and determine the optimal design using the cosimulation
model depicted in Figure 3. Based on MATLAB Simulink R2022a, an inverter circuit
analysis was conducted. For IPMSM design, a commercial FEA tool, JMAG, was employed.
This tool facilitates the extraction of tabulated data such as copper loss, iron loss, magnet
eddy current loss, as well as motor parameters like d-axis, q-axis inductance Ld, Lq and
magnet flux Ψm, based on the phase current iABC and phase angle β. Employing these
data, the id and iq that minimize the combined loss of the inverter and motor could be
calculated. Additionally, the desired voltage was computed by using the closed-loop
feedback proportional–integral (PI) current control [16]. By implementing a PWM strategy,
a gate signal that generates the corresponding voltage was created and applied to each
power device. The JMAG-RT model was employed to reflect precise motor parameters
according to the rotor position. This cosimulation model allows for the simultaneous
consideration of inverter design variables, such as PWM strategy and switching frequency,
as well as expanded machine design variables resulting from the utilization of WBG devices.
The objective was to achieve a reduction in system energy consumption. Specifically, the
use of WBG devices enables the utilization of higher switching frequencies, which in turn
enables the design of machines with increased pole numbers, ultimately leading to the
development of more efficient systems.
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Figure 3. Cosimulation model using MATLAB Simulink and JMAG FEA tool.

Figure 4 shows the process of design improvement. The initial design phase involves
enhancing the motor design by increasing the number of poles, based on the inverter
topology that utilizes WBG technology and a 3L-ANPC configuration. Subsequently, the
optimization process employs the DOE method to achieve the optimal design. The detailed
process is further elaborated on in Section 4.
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3.1. Inverter Design with 3L-ANPC

By employing the 3L-ANPC topology, it is possible to reduce the voltage rating of
the power device compared to the existing two-level inverter. Table 3 provides a brief
specification of the power device used in this study. Among the various topologies of
3L-ANPC, this paper focuses on two specific configurations illustrated in Figure 5. In
Figure 5a, an All-SiC topology is implemented where all cell elements are constructed
using a SiC-metal-oxide-semiconductor field effect transistor (MOSFET) in one phase. On
the other hand, Figure 5b represents a hybrid topology in which SiC is employed only in
cells closer to the load, while the remaining cells utilize Si-IGBTs [17]. However, due to the
multilevel structure, the Si-IGBT device utilized in this study has a voltage rating in the
600 V range. While an All-SiC topology could offer advantages in terms of overall efficiency,
due to the SiC device’s low switching loss and high breakdown voltage characteristics,
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comparable performance can be achieved at a lower cost by employing a hybrid topology
combined with a specific PWM strategy.
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Table 3. Specifications of power device.

Topology Device Part No. Vds (Vce)/Id (Ic) Eon/Eoff

2L-HB Si-IGBT/Diode Infineon-IKQ100N120CS7 [18] 1200 V/126 A 6.87 mJ/4.71 mJ

3L-ANPC
Si-IGBT/Diode Infineon-AIKQ120N60CT [19] 600 V/120 A 4.1 mJ/2.8 mJ
SiC-MOSFET Wolfspeed-C3M0015065D [20] 650 V/96 A 1.5 mJ/0.7 mJ

Among the various PWM strategies available, this paper focuses on two representative
PWM strategies. Figure 6 illustrates the switching states and current flow when the power
factor (PF) is 1, especially for the PWM1 strategies. As shown in Figure 6a, PWM1 involves
current conduction being shared between the branches S5-S2 and S6-S3 during the zero-
state. This sharing of conduction significantly reduces conduction losses, resulting in only
one zero-state present during both the positive and negative half cycles. When conduction
losses dominate, it leads to a reduction in total losses across the switching devices. However,
during each half cycle, three out of the six switches operate at high switching frequencies.
With high switching frequency, the PWM1 strategy is not well-suited for hybrid topology
due to the high switching losses of Si-IGBTs. The corresponding switching sequences of
the PWM1 strategy are presented in Table 4.

Table 4. Switching sequence of PWM1 strategy.

Period State S1 S2 S3 S4 S5 S6 Output Voltage

Positive half cycle
P 1 1 0 0 0 1 +VDC/2

P↔O+ 0 1 0 0 0 1 0
O+ 0 1 1 0 1 1 0

Negative half cycle
O− 0 1 1 0 1 1 0

N↔O− 0 0 1 0 1 0 0
O− 0 0 1 1 1 0 −VDC/2
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In contrast, PWM2, shown in Figure 7, utilizes only two devices, S2 and S3, for high-
frequency switching, while the remaining devices switch at the line frequency. However,
during the zero-state, the current path is confined to one side, either S5-S2 or S6-S3, which
may result in higher conduction losses compared to PWM1. As a result, PWM2 is suitable
for reducing switching losses when switching losses are not dominant. The losses primarily
concentrate on S2 and S3. Therefore, a hybrid topology that incorporates SiC exclusively
for these two devices may be advantageous. Table 5 displays the switching sequence for
the PWM2 strategy.
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Table 5. Switching sequence of PWM2 strategy.

Period State S1 S2 S3 S4 S5 S6 Output Voltage

Positive half cycle
P 1 1 0 0 0 1 +VDC/2

P↔O+ 1 0 0 0 0 1 0
O+ 1 0 1 0 0 1 0

Negative half cycle
O− 0 1 0 1 1 0 0

N↔O− 0 0 0 1 1 0 0
O− 0 0 1 1 1 0 −VDC/2

To evaluate the losses, a cosimulation model is utilized, which integrates the machine
FEA. The conduction loss is calculated based on the first quadrant voltage–current (V-I) char-
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acteristics of the device during the positive current phase, as described by Equations (11)–(13).
Conversely, the negative phase follows the characteristics of the third quadrant or the body-
diode or diode features. In Equations (11)–(13), I(θ) represents the current through the
power devices, and Vce and Vf denote the initial saturation voltage drop in the IGBT and
diode, respectively. Rce, Rf, and Rds refer to the on-state resistance of the IGBT, diode, and
MOSFET, respectively.

Pcond,IGBT = I(θ)Vce + I(θ)2Rce (11)

Pcond,Diode = I(θ)Vf + I(θ)2R f (12)

Pcond,MOS = I(θ)2Rds (13)

The switching loss during turn-on and turn-off states is determined through simula-
tion, considering external gate resistors and the voltage applied to the device, as expressed
in Equations (15) and (16). Here, Eon,IGBT (I, T, VDC), Eoff,IGBT (I, T, VDC), Eon,MOS (I, T, VDC)
and Eoff,MOS (I, T, VDC) represent the energy per unit in the switching on- and off-state of
the IGBT and MOSFET. The data look-up table is employed to calculate the switching loss.

Psw,IGBT =
[

Eon,IGBT(I, T, VDC) + Eo f f ,IGBT(I, T, VDC)
]
· fs (14)

Psw,MOS =
[

Eon,MOS(I, T, VDC) + Eo f f ,MOS(I, T, VDC)
]
· fs (15)

3.2. Machine Design with High Switching Frequency

The maximum permissible pole number is limited by the maximum speed and inverter
switching frequency. To maintain control stability, particularly in extremely high-speed
regions, the maximum feasible pole number np_max is defined in Equation (16). Here, Nmax
represents the maximum operating speed, and mf denotes the frequency modulation index.
With a high switching frequency, it becomes possible to design a greater number of poles,
which can result in improved machine efficiency [21].

np_max = 120× fs

Nmax ×m f
(16)

The number of series turns per phase, denoted as nT, can be determined using
Equation (17). In this equation, Pmax represents the maximum power; is_max is the root-
mean-square (rms) phase current at the base speed; kw1 signifies the fundamental harmonic
winding factor; ωm denotes the mechanical base speed of the machine; and Bg, Dr, and
lstk represent the air gap flux density, rotor outer diameter, and effective stack length, re-
spectively. Hairpin winding technology offers several advantages, including increased
power density and improved thermal performance, achieved through a high slot fill factor
and reduced slot openings [22]. It is worth noting that in hairpin winding, the number
of coils per slot must be even, which is one of its disadvantages. However, with higher
inverter switching frequencies, it becomes possible to achieve a design with a greater pole
number. Consequently, this expands the range of achievable turns per phase, as indicated
by Equations (16) and (17).

nT =
Pmax

3is_max
·
√

2
π2 ·

60
ωmkw1BgDrlstk

(17)

4. Optimum Design with DOE

In the previous section, an initial improved design was developed, considering the
mutual interaction between the inverter and the machine. By utilizing SiC-MOSFET, a
high switching frequency can be achieved, enabling the creation of a 10-pole machine
while maintaining controllability even at 16,500 rpm. With a combination of 10 poles
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and 60 slots, the number of series turns per phase is designed as 40 turns, as defined
by Equation (17). The subsequent section focuses on the detailed optimization of the
rotor and stator geometry. To optimize inverter and machine parameters simultaneously,
the DOE method is employed. DOE serves as a robust statistical technique that enables
researchers to evaluate the contribution of different parameters to the objective function.
Its applicability for motor design optimization, particularly concerning geometric design,
has been extensively studied [11,23].

4.1. Establish the Objective Function, Constraints, and Design Variables

The main objective function for optimization is minimizing 2 out of 10 representative
points shown in Equation (18), exerting the most significant influence on the overall drive
cycle loss:

1. Load 1: 2185.2 rpm, 99.7 Nm for 106 s duration; low-speed, high-current.
2. Load 2: 8537.4 rpm, 22.9 Nm for 136 s duration; high-speed, low-current.

Minimize Fobj = ∑ Lossload1 + ∑ Lossload3 (18)

The optimization process encompasses six geometric design variables for the machine
and two variables for the inverter. Figure 8 presents the initial configuration and design
variables for the machine. The design variables are initialized with a two-level range of
low and high values, as specified in Table 6.

The design constraints should not exceed the limitations imposed by the existing
magnet usage and copper utilization, taking into account manufacturing constraints such
as fill factor and cost considerations. Moreover, considering the thermal characteristics, the
current density of the wire is kept within acceptable limits.

• Fixed pole/slot combination for noise and vibration characteristics.
• Fixed current density: the coil width is dependent on the coil height.
• Fixed slot fill factor (<58%) (defined by total bare copper area per slot area).
• Less weight of magnet and copper than the benchmark design (in Table 1).
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Table 6. Design variables, initial value, and 2-level variation range.

Variable Definition Initial Level Low Level High

A PWM strategy PWM1 PWM2
B Switching frequency (kHz) 30 20 40
C Rotor diameter (mm) 122.5 120 125
D Coil height (mm) 2.85 2.5 3.2
E Pole arc1 ratio 0.47 0.4 0.5
F Magnet 1 position 1.7 1.5 2.2
G Pole arc2 ratio 0.82 0.75 0.85
H Magnet 2 position 13 11 15

4.2. Finding the Main Factor by Screening

Among the variables listed in Table 4, certain factors exhibit a substantial impact
on the objective function, while others display minimal dependence. To minimize the
number of experiments, a two-level, eight-factor fractional factorial design was employed
in this study [24]. The objective function encompasses the total loss, comprising switching
and conduction losses in the inverter, as well as copper, iron, and magnet eddy losses in
the machine. By employing a 1/16 fractional factorial design, 2(8−4) experiments were
conducted. The details of the fractional factorial design and the corresponding results are
presented in Table 7. Figure 9 illustrates: (a) the effect of each factor on the loss at load1 and
load2, and (b) Pareto charts for the loss at load1 and load2. The Pareto chart, shown in (b),
combines the noneffective factors for analysis. For both load points, the most influential
factors were identified as B: switching frequency, C: rotor diameter, and D: coil length as
can be seen from the red box in Figure 9.

4.3. Optimizing Main Factor

In this study, the optimization focuses on analyzing three key factors based on the
results obtained from the fractional factorial design, while keeping the other factors fixed in
a manner that minimizes the loss. Figure 10 illustrates the direction of optimization for fac-
tors B, C, and D by depicted red box. To further expand the range of the high level for factor
C and the low level for factor D, the response surface method (RSM) was applied. A central
composite design (CCD) was utilized, consisting of a total of 15 designs (23 + 1 + 3 × 2) [25].
The optimized values for the design parameters are presented in Table 8.

Table 7. 1/16 fractional factorial design and results.

No. Factor Level Combination Loss@load1 Loss@load2

1 A1-B1-C1-D1-E1-F1-G1-H1 1615.9 843.2
2 A2-B1-C1-D1-E1-F2-G2-H2 1490.2 747.5
3 A1-B2-C1-D1-E2-F1-G2-H2 1621.4 733.3
4 A2-B2-C1-D1-E2-F2-G1-H1 1648.7 764.4
5 A1-B1-C2-D1-E2-F2-G2-H1 1338.5 689.7
6 A2-B1-C2-D1-E2-F1-G1-H2 1304.0 719.5
7 A1-B2-C2-D1-E1-F2-G1-H2 1369.7 645.2
8 A2-B2-C2-D1-E1-F1-G2-H1 1313.6 651.2
9 A1-B1-C1-D2-E2-F2-G1-H2 1622.9 789.8
10 A2-B1-C1-D2-E2-F1-G2-H1 1558.4 772.5
11 A1-B2-C1-D2-E1-F2-G2-H1 1655.9 825.7
12 A2-B2-C1-D2-E1-F1-G1-H2 1635.7 855.2
13 A1-B1-C2-D2-E1-F1-G2-H2 1809.9 849.4
14 A2-B1-C2-D2-E1-F2-G1-H1 1825.8 862.7
15 A1-B2-C2-D2-E2-F1-G1-H1 1907.4 768.5
16 A2-B2-C2-D2-E2-F2-G2-H2 1842.7 798.7
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Table 8. Final optimized design value.

Definition Optimized Value

A PWM strategy PWM2
B Switching frequency (kHz) 24
C Rotor diameter (mm) 126.5
D Coil height (mm) 2.47
E Pole arc1 ratio 0.48
F Magnet 1 position 2.2
G Pole arc2 ratio 0.85
H Magnet 2 position 15
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5. Experimental Work for Inverter

The experimental work aimed to compare the inverter losses and output current
THD based on the PWM strategy and switching frequency using an equivalent R-L load.
Figure 11 illustrates the configuration of a 3L-ANPC topology and control board, with tests
conducted under varying operating conditions. Two load conditions were considered:

1. High fundamental frequency and high voltage usage, representing the high-speed
low-torque region: f 1 = 800 Hz and a MI of 0.9;

2. Another load condition representing relatively lower speed regions: f 1 = 150 Hz and
a MI of 0.5.

Figure 11. Experimental set-up: 3L-ANPC with SiC-MOSFET module connected by rapid controller
prototype; Imperix B-Box [26].

Figure 12a,b show the output voltage and current waveforms of the load at a switching
frequency of 20 kHz. Additionally, Figure 13a presents the comparative results of inverter
efficiency, considering the different PWM strategies at specific load points under two
separate switching frequency conditions: 20 kHz and 40 kHz. From the illustration, it is
observable that under the 800 Hz load condition, switching losses were predominantly
higher, indicating an advantage for PWM2. Conversely, in the relatively high-current
region of the low-speed condition, it is evident that the PWM1 strategy could reduce
conduction losses, proving beneficial in this load condition. In Figure 13b, the current
harmonics are depicted in the frequency domain using fast Fourier transform (FFT) for
the high-speed region. This demonstrates that as the switching frequency increased, the
harmonics associated with the switching component exhibited higher frequencies, resulting
in a reduction in the overall THD. A high THD can lead to fluctuations in the current and
flux flowing through the machine, particularly in the high-speed range. It is crucial to
minimize the THD to mitigate losses and ensure stable operation in these conditions.
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Figure 12. Experimental results; output current and voltage waveform (a) at 800 Hz, 0.9 MI and (b) at
150 Hz, 0.5 MI.
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6. Total Energy Loss Improvement Results during Drive Cycle for Final Design

Using the optimized design, simulations are performed for 10 representative points.
As can be seen in Table 9, by incorporating a hybrid topology 3L-ANPC with a combination
of SiC-MOSFET and Si-IGBT, the total energy losses of the inverter can be reduced by 13.5%.
Additionally, for the machine design, an energy improvement of 6.4% is attainable. As a
result, a notable 7.7% reduction in total energy loss during the driving cycle is observed.

Table 9. Comparison of energy loss consumption between original benchmark and improved design.

Load Point Time (s) Speed (rpm) Torque (Nm)

Energy Loss (kJ)

Benchmark Improve

Inv. Mach. Total Inv. Mach. Total

1 106 2185.2 99.7 41.5 134.8 176.2 31.2 127.5 158.7
2 127 6914.3 33.5 11.6 84.0 95.6 10.2 82.0 92.2
3 136 8537.4 22.9 8.5 80.0 88.5 8.5 81.2 89.7
4 138 4036.4 57.3 23.1 89.3 112.4 19.8 80.7 100.5
5 143 1857.4 52.2 21.2 59.3 80.5 20.4 51.4 71.8
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Table 9. Cont.

Load Point Time (s) Speed (rpm) Torque (Nm)

Energy Loss (kJ)

Benchmark Improve

Inv. Mach. Total Inv. Mach. Total

6 149 2578.7 −58.2 24.8 76.8 101.6 21.5 69.7 91.2
7 193 5388.1 5.3 2.5 37.4 39.9 2.5 32.4 34.9
8 241 1620.8 −6.3 3.2 10.9 14.1 2.8 10.1 12.9
9 274 44.4 29.9 21.4 35.5 56.9 19.6 33.5 53.1
10 293 3828.0 3.0 1.9 30.7 32.6 1.6 29.5 31.1

Total energy loss during driving cycle (kJ) 159.6 638.6 798.2 138.1
(13.5%)

598.0
(6.4%)

736.1
(7.7%)

7. Conclusions

This paper presents a case study of an electric drive including an inverter and machine
focused on a latest-generation 800 V EV traction system. Specifically, the study explores
the impact of utilizing a 3L-ANPC topology and high switching frequency in the design of
the 800 V system. These design choices significantly influence the machine design process,
including parameters such as pole number and the number of series turns. Furthermore,
the investigation delves into a hybrid topology and optimal PWM strategy, incorporating
SiC-MOSFET and Si-IGBT as power devices. The design process takes into account both
the inverter and machine parameters simultaneously, employing a cosimulation model.
Additionally, a methodology for optimizing the geometry of the machine and inverter
parameters is introduced. To establish a specific design objective, the WLTC class 3 cycle
is utilized, enabling the transformation of the cycle into an electric drive profile based on
the vehicle’s specifications. The simulation results showcase a notable 7.7% reduction in
total energy loss, underscoring the effectiveness of the proposed approach. This approach
holds promise for application in the design of various electric drives. In future studies, it is
recommended to explore other optimization methods such as deep learning to enhance
the design process further. Additionally, considering the influence of internal parasitic
components can be beneficial for improving the accuracy of inverter loss prediction. Fur-
thermore, it is worth noting that solutions involving another WBG material, GaN, can also
be considered.
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