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Vehicle4em: An Open Database of Vehicle
CAD Models for Electromagnetic Simulations

Fabio Freschi , Senior Member, IEEE, Luca Giaccone , Senior Member, IEEE,
Vincenzo Cirimele , Senior Member, IEEE, and Luigi Solimene , Member, IEEE

Abstract—This study introduces CAD-based vehicle mod-
els optimized for electromagnetic simulations, with a focus
on wireless power transfer (WPT) assessment. The models
balance geometric detail and computational efficiency to
enable accurate analysis of electromagnetic interactions
and human exposure. Mesh quality assessments and the
reported numerical evaluations confirm their suitability for
compliance-oriented studies. The Fiat 500 model is used in a
case study to demonstrate applicability to ICNIRP guideline
assessments. The database is freely available under the MIT
license on GitHub and includes STEP CAD files and volumet-
ric meshes, providing a practical resource for research on
WPT-related EMC and exposure in automotive applications.

Index Terms—CAD models, dynamic charging systems,
numerical dosimetry, wireless power transfer.

I. INTRODUCTION

A FTER many years of extensive research, resonant induc-
tive charging technology, often more generically referred

to as wireless power transfer (WPT), has reached a stage of tech-
nological maturity [1], [2]. This is especially true for static
applications, i.e., with the vehicle parked during the charging
process, for which there are already both automotive and electric
standards, such as SAE J2954 [3], [4], [5] and IEC 61980 [6],
[7]. These advancements have sparked interest from car manu-
facturers, many of whom are evaluating the incorporation of
WPT systems into their electric models [1].

In addition to static applications, the interest of the technical
and scientific community remains high with respect to the exten-
sion of this technology towards its application with moving
vehicles, commonly referred to as dynamic WPT [2], [8], [9].

As evidenced by several scientific studies [4], [10], [11] and
the evolution of the standards themselves, the development and
pre-commercialization of such charging systems is accompanied
by the development of increasingly accurate methodologies for
assessing user exposure to the magnetic fields. Exposure is
indeed one of the main issues with WPT systems, as the typical
distance between the transmitter and receiver coils, which is in
the order of tens of centimeters, gives rise to a stray field near
the vehicle chassis. These aspects are naturally crucial for the
safety and social acceptance of this technology.

The aforementioned standards all agree on a nominal operat-
ing frequency for these systems of 85 kHz. At this frequency,
electromagnetic phenomena occurring near the surface of all
conductive elements in the vicinity of the coils become relevant.
In this context, all problems related to the computation of the
electromagnetic field distribution generated by a WPT system,
such as those aimed at the analysis of electromagnetic compati-
bility (EMC) or human exposure, require the evaluation of the
interaction with the car body, which is characterized by the pres-
ence of ferromagnetic and conductive materials and therefore
affected by the development of eddy currents in extremely small
thicknesses (typically less than one millimeter).

To address these issues, detailed electromagnetic simulations
are essential. Such simulations must account for the complex
geometries of car bodies, which are designed to meet mechani-
cal, aesthetic, and aerodynamic requirements. The geometry of
a car body often includes intricate structures and a variety of
materials, such as ferromagnetic components, conductive sheets,
and non-conductive elements, all of which must be considered
in the modeling process.

This problem has been approached in different ways so far.
Some works greatly simplify the geometries with stylised
shapes [12], [13], [14] or by representing the entire car body by
means of simple planes of conductive material [15], [16]. Other
works consider only some parts of the vehicle, mainly the floor,
which is the part most directly exposed to the fields generated
by the coils [17], [18]. Although this approach allows for repro-
ducing with good approximation the field distribution at the
WPT system level, it may not allow a reliable evaluation of the
overall distribution in the upper part of the vehicle and, in partic-
ular, that in the passenger compartment volume.

Some more recent works use chassis models provided by car
manufacturers, often by not considering some parts as axles,
joints, or wheels [17], [19]. These models are typically derived
from graphical design files regarding the exterior part of the
vehicle. Although such models are typically more descriptive of
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the actual shape of the vehicle, to be used effectively, they still
require various corrective actions to ensure the consistency of
the model. In particular, in electromagnetic analysis, it is of
extreme importance to have a correct correspondence between
volume regions of conductive or ferromagnetic materials and
their surfaces. These regions are usually connected by welding,
allowing the car body to become a whole conducting region.
Unfortunately, these conditions are not always met by the graph-
ical files, which define lines and surfaces on the basis of geomet-
ric tolerances that are sometimes not congruent with the
continuity of electrical domains. As a consequence, the electro-
magnetic model has to be checked carefully and locally and
manually corrected to enforce the continuity of conductive
parts.

Once an electromagnetic model is obtained, the next chal-
lenge lies in its discretization for numerical simulations involv-
ing the coil assemblies. This process requires careful meshing of
both the surface and the volume of the conductive parts. Ensur-
ing a good mesh quality is critical to achieving a reliable and
robust field solution. However, this task is inherently complex
due to the several orders of magnitude in scale between the car’s
overall dimensions and the thickness of its metal sheets.

To address these challenges, this work presents a series of
CAD-based car and light commercial vehicle models specifi-
cally designed for electromagnetic simulations. Ad hoc CAD
models are needed because commercial CAD assemblies typi-
cally contain mechanical details that are unnecessary for electro-
magnetic simulations and can hinder the generation of high-
quality meshes. For this reason, models are proposed that strike
a balance between geometric detail and computational effi-
ciency, enabling accurate analysis of WPT systems while
maintaining manageable simulation times. Examples of simplifi-
cations include the removal of windshield wipers and door han-
dles as shown in Fig. 1.

The CAD models are structured to allow flexibility in their
use, with modular components that can be selectively included
or excluded depending on the simulation requirements. This
work, which is an extension of the conference proceeding [20],
presents the process followed for the realization of these models
and the techniques applied to bring the overall quality of the
entire models’ mesh to a good compromise for electromagnetic

computations. The effectiveness of the models and their discreti-
zation is presented and discussed through the solution of an elec-
tromagnetic problem involving the car models and a WPT
structure compliant with the SAE J2954 standard. A complete
case study is also provided, considering the application to
numerical dosimetry.

Following an extensive validation phase, including scientific
studies based on the proposed models [21], [22], the Vehi-
cle4em database is made publicly available via the repository in
[23] under the MIT license. It provides four vehicle models in
STEP format, together with basic scripts and instructions to
download and visualize the data.

II. VEHICLE4EM DATABASE

The database comprises the four vehicle models shown in
Fig. 2: Fiat 500, Mini Cooper, IVECO Daily, and BMWX6. All
models are available in a GitHub repository [23]. At the time of
writing, the models are provided in STEP format, a standardized
format used for exchanging 3D models between different CAD
software. These files can be used to obtain a mesh with which-
ever software best suits the user’s needs. Moreover, each model
is also provided with a volumetric unstructured mesh stored in a
.vtu file.

A. Properties of the Models

To optimize the CAD models for electromagnetic simula-
tions, simplifications were introduced to prioritize computa-
tional efficiency over detailed geometric representation. Small
components, such as gears, transmission parts, and screws, were
excluded due to their negligible impact on electromagnetic field
simulations. Similarly, non-metallic components, including
steering wheels, seats, and other plastic parts, were omitted to
reduce complexity. Larger elements, such as windscreens, tires,

Fig. 1. Commercial CADs (left) typically contain mechanical details that
are unnecessary for electromagnetic simulations. The proposed models
(right) simplify such details (e.g., windshield wipers and door handles) to
improve mesh generation.

Fig. 2. Four vehicle models: Fiat 500 (a), mini cooper (b), IVECO daily
(c), and BMWX6 (d).
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and windows, have been included. For the low-frequency analy-
ses considered here, these dielectric parts can be neglected with
limited impact on the solution. They may become relevant at
higher frequencies, where dielectric interactions contribute
more significantly to field distributions.

Additional geometric simplifications were applied to reduce
the computational cost of meshing. Complex geometries were
replaced with smooth, linear surfaces, favoring simple rectangu-
lar or circular shapes with minimal fillets and chamfers. The
resulting parts are represented as three-dimensional non-inter-
secting solids, ensuring a watertight model free of holes or non-
manifold edges. The models are modular, allowing doors and
hatches to be opened or closed to evaluate their impact on elec-
tromagnetic field patterns.

To allow for the greatest flexibility, the material properties of
the different parts are not hard-coded but can be set by the user
according to the specific problem being studied. This broadens
the applicability of the shared CAD models to electromagnetic
problems other than the WPT case addressed here. As an exam-
ple, since the CAD models are already available to the scientific
community, an independent work uses one of the proposed
CAD for the optimal design of an antenna operating in the sub-
6 GHz band [24].

The generated CADmodels closely approximate real vehicles
while maintaining suitability for electromagnetic analysis. Geo-
metrical optimizations streamlined the modeling process, with
dimensions obtained through a combination of direct measure-
ments and analysis of photographs or renderings using special-
ized software. Minor dimensional inaccuracies were deemed
acceptable given the study’s objectives. SolidWorks (Dassault
Syst�emes) was used to construct the models, which are orga-
nized using modular trees and sub-trees to enable easy inclusion
or exclusion of specific components.

B. Accessing and Visualizing the Models

The volumetric meshes are provided in the VTK XML
unstructured-grid format .vtu. The .vtu format is an XML-
based representation of unstructured grid datasets employed by
the Visualization ToolKit (VTK) [25], [26]. The .vtu files can
be directly opened in ParaView [27] for inspection and visuali-
zation. For completeness, the main statistics of the volumetric
meshes provided with Vehicle4em are reported in Table I. The
table lists the number of nodes and tetrahedra of each model, the
number of surface triangles together with the median value of
the mesh quality index (see Sec. IV for details) computed on the
distributed meshes. These values refer to the meshes included in

the repository and may differ if the geometry is remeshed with
different settings.

As shown in Fig. 3, one simply needs to drag and drop the
.vtu file into the Pipeline Browser and click the Apply button
to display the model. ParaView further enables users to manipu-
late and render the model, as illustrated in Fig. 3. Since Para-
View is thoroughly documented, providing additional details is
beyond the scope of this paper.

To further reduce barriers to accessing the models, a short
Python script is provided for loading the .vtu files. The script,
named import_mesh.py, is based on the Python module
meshio [28]. As shown at the end of this subsection, the script
is largely self-explanatory: (i) the .vtu file is loaded into mem-
ory, and (ii) the points, connectivity, and object codes are
extracted and stored in dedicated variables. From that point
onward, the user can manipulate these variables as needed.

import meshio

# import mesh
mesh¼ meshio.read("500.vtu")

# get points
points ¼ mesh.points

# get connectivity
connectivity¼ mesh.cells[0].data

# get object codes
obj¼ mesh.cell_data["obj"][0]

III. WHY DETAILED VEHICLE MODELS MATTER FOR

ELECTROMAGNETIC SIMULATION

In automotive WPT scenarios, the vehicle body strongly
influences the electromagnetic solution because it supports the
dominant induced-current paths. As a result, both geometric
simplifications and differences among vehicle geometries can
modify current flow and change the magnetic-field distribution
in regions relevant to occupants. The following analyses quan-
tify these effects under identical excitation and evaluation
settings.

TABLE I
NUMBER OF ELEMENTS AND MEDIAN VALUE OF THE MESH QUALITY INDEX

FOR THE 3D AND 2D MESHES AVAILABLE IN THE DATABASE

Model No. tetrahedra ~q3D No. Triangles ~q2D
Fiat 500 56,219 0.675 129,041 0.904
BMW X6 135,631 0.437 302,844 0.719
Mini Cooper 42,111 0.687 93,529 0.858
Iveco Daily 248,875 0.23 558,675 0.825

Fig. 3. ParaView - An open-source and multiple-platform application for
interactive, scientific visualization.
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A. Effect of the Chassis Approximation

The first analysis regards the influence of different levels of
the chassis approximation on the magnetic stray field in the
region adjacent to the vehicle. The source of magnetic field is a
WPT system as shown in Fig. 4. It is classified as WPT2/Z3
according to the SAE J2954 standard [3], the transmitter is cen-
tered with respect to the car body, while the receiver is laterally
offset in the y-direction by 100 mm, which corresponds to the
maximum misalignment permitted by the SAE J2954 standard
[3]. The vertical distance between the receiver and the car body
floor is 30 mm. The clearance between the receiver coil and the
ground is 196:8 mm. The input power is set to 7:7 kW, which
corresponds to the complex coil currents 26 A (transmitter) and
j26 A (receiver) for the adopted operating conditions. The oper-
ating frequency is fixed at 85 kHz. Each coil consists of 8 turns
and is shielded by two thin layers, one of aluminum and one of
ferrite, with outer dimensions of 420 mm� 420 mm. It is
important to stress that the layout described is intended solely as
a supporting example and does not aim to draw general conclu-
sions about the safety of the considered specific vehicles and
mounting positions. For brevity, this section considers only the
Fiat 500 CAD model because the aim is to consider a full vehi-
cle geometry with extremely simplified chassis.

With reference to Fig. 4, the stray magnetic flux density is
evaluated over the lateral inspection volume that spans the full
vehicle length along the x direction (3555 mm). Along y, the
volume starts at an air gap of approximately 2 mm from the
outer surface of the chassis and extends outward for 500 mm.
The base of the volume lies on the xy plane at z¼ 0, and its
height is 2000 mm. As illustrated in Fig. 4, the stray field is
maximum in the lower and central portion of the inspection vol-
ume, i.e., in the region closest to the WPT system and least
shielded by the chassis. The peak value reaches 2:2 lT. In addi-
tion, field points close to the vehicle surface exhibit localized
variations due to eddy currents induced in the conductive chas-
sis: in the vicinity of the chassis (within the xz plane shown), the
field typically falls in the range 0.7–1:0 lT. These near-body
features are geometry-dependent and are therefore expected
to be altered when the chassis is replaced by simplified
representations.

Finally, Fig. 4 also reports two inspection lines used for a
quantitative comparison of the stray magnetic field. Line 1 is ori-
ented along the x direction and lies in the xz plane, close to the
vehicle side, at a height of z¼ 350 mm. Line 2 is oriented along
the y direction and is defined so as to cross the vehicle boundary:
it starts from a point inside the vehicle and extends outward, ter-
minating at a point on the outer xz plane of the inspection vol-
ume (i.e., the plane farthest from the vehicle along x). The same
computations are repeated for three cases: (a) the WPT system
in free space (no vehicle/chassis), (b) the floor panel extracted
from the full vehicle CAD, modeled with a uniform thickness of
10 mm, used here as an envelope thickness capturing the overall
depth introduced by curvatures, folds, and local reinforcements,
and (c) an equivalent rectangular prism (bounding box) that enc-
loses the floor geometry and matches its outer dimensions,
adopting the same envelope thickness (10 mm). For each case,
the absolute deviation of the magnetic flux density magnitude is
computed as DB¼ B−Bref , where B is the magnetic flux den-
sity magnitude for the case under consideration (a–c) and Bref is
the corresponding magnitude for the full-vehicle reference case
shown in Fig. 4. The resulting DB maps (in lT) are shown in
Fig. 5(a)–5(c).

The no-chassis case yields the largest positive deviations,
indicating a systematic overestimation of the stray field; locally,
the predicted field magnitude reaches approximately twice the
reference values. The largest negative deviations occur for the
equivalent rectangular floor, which underestimates the field
compared to the full-geometry model (down to about 1=1:3 of
the reference in the most affected regions). To facilitate visual
comparison, all maps are displayed using the same saturation
limits; the actual minimum and maximum DB values for each
case are reported below each colorbar.

A more quantitative comparison is provided by evaluating
the magnetic flux density along the two inspection lines intro-
duced above. The results along line 1 are reported in Fig. 6.
The full-vehicle reference solution (blue curve) is not symmet-
ric because the field distribution is influenced by the proximity
with the chassis, which is not symmetric. Both simplified-
chassis models underestimate the stray field along the entire
line, whereas the no-chassis case yields a systematic overesti-
mation over the full line extent.

Fig. 7 completes the comparison because inspection line 2
partially lies inside the vehicle (approximately for y< 0:7 m).
For the full-vehicle reference case, a clear change in slope is
observed around y� 0:7 m, corresponding to the intersection of
the line with the side-window region of the vehicle. In particu-
lar, the field exhibits a local maximum near the side-window
region and decreases on both sides of this location. This feature
is not reproduced by the simplified chassis models and, as
expected, it is absent in the no-chassis case. Along line 2, both
the no-chassis and the floor-only cases systematically overesti-
mate the field. The equivalent rectangular prism overestimates
the field for y< 0:4 m, while it underestimates the field over the
remaining portion of the line.

Overall, these results validate the need to employ the full
vehicle CAD geometry to obtain reliable stray-field predic-
tions, since simplified chassis representations can introduce

Fig. 4. Magnetic field generated by the WPT system considering the Fiat
500 CAD model. The field is computed on an inspection volume at the side
of the vehicle and also along two inspection lines called line 1 and line 2.
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substantial, spatially dependent over- and underestimations of
the magnetic flux density; in particular, because conductive
shielding is affected by edge effects (increased eddy-current
density near boundaries [29]), simplified models may

introduce artificial edges that are not present in the real chassis,
leading to localized errors near those boundaries.

B. Impact of Geometric Variability Across Vehicles on
Electromagnetic Simulation

In this section, the influence of the CAD model on the stray
field generated by a WPT system is analyzed. The WPT system
under consideration is the same as in Sec. III-A. The magnetic
flux density is computed on the inspection plane shown in
Fig. 8(a) and 8(b). Differently from Sec. III-A, this plane is not
defined with absolute coordinates. As shown in Fig. 8(a) it is
defined with respect to the dimensions of the vehicle considered.
The inspection plane lies in the x-z plane, located 200 mm away
from the car body, and spans an area of 4 m� 2 m in the x and z
directions, respectively. The magnetic flux density is computed
for all the CAD models and the results are presented in
Fig. 9(a)–9(d). All plots are saturated using the same range,
ðBmin ¼ 0 lT−Bmax ¼ 1:8 lTÞ. It is evident that the car body
geometry significantly affects the stray magnetic field. The Fiat
500 and the IVECO Daily exhibit the strongest shielding effect,
while the Mini Cooper and BMW X6 show comparable maxi-
mum field values but differ in terms of spatial distribution.

To enable a more quantitative comparison, two inspection
lines are defined, as shown in Fig. 8(b). The first line corre-
sponds to the bottom edge of the inspection plane and is

Fig. 5. Deviation of the magnetic flux density from the reference case.
WPT system in free space, no vehicle/chassis (a), floor panel extracted
from the full vehicle CAD (b) and equivalent rectangular prism (bounding
box) that encloses the floor geometry (c).

Fig. 6. Magnetic flux density along line 1 for the reference case, the
no-chassis case and the simplified chassis cases.

Fig. 7. Magnetic flux density along line 2 for the reference case, the
no-chassis case and the simplified chassis cases.
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depicted in blue. The second line is orthogonal to the first and is
positioned at the center of the inspection plane. A local coordi-
nate system, ðs1, s2Þ, is introduced to plot the magnetic flux den-
sity values along these lines. The results are shown in Fig. 10.
The same observations discussed for Fig. 9 remain valid. From
these plots, it becomes clearer that the maximum magnetic flux
density for the Mini Cooper and the BMW X6 is approximately
twice the value observed for the Fiat 500 and the IVECO Daily.

IV. END-TO-END WORKFLOW CASE STUDY

This section shows a complete case study where the Fiat 500
CAD model is used to study the exposure of a person standing
next to the car during the wireless charging phase.

Starting from the STEP file available in the database, a 3D tet-
rahedral mesh is generated. During preprocessing, intersecting
or self-intersecting components were removed through minor
CAD-level edits (e.g., small local offsets or tolerance adjust-
ments) applied only to restore geometric consistency. After
these corrections, the model can be discretized and used in elec-
tromagnetic simulations without additional manual intervention.
The geometrical objects used to reconstruct the vehicle geome-
try are intrinsically multi-scale, with the vehicle dimensions in
the order of meters and the thickness of the metal sheets in the
order of millimeters.

Assuming electrical properties of common steel for automo-
tive applications [30], e.g. r¼ 2� 106 S=m and lr ¼ 300,
which correspond to a common type of steel with moderate
shielding capabilities [21], [22], [30], the skin depth is about

70 lm, further amplifying the large aspect ratio issue. Achiev-
ing regular tetrahedra while explicitly resolving the eddy-
current distribution would require element sizes on the order of
the skin depth, which is far smaller than the characteristic geo-
metric dimensions of the chassis and leads to prohibitively large

(a)

(b)

Fig. 8. Dimensions and position of the inspection plane and the two
inspection lines.

Fig. 9. Magnetic flux density on the inspection plane for different CAD
models. Fiat 500 (a), mini cooper (b), and BMWX6 (c) and IVECO daily (d).
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meshes. Conversely, allowing large elements in regions such as
the roof, bonnet, or doors typically produces high-aspect-ratio
tetrahedra, which degrades numerical robustness. This trade-off
motivates assessing mesh quality explicitly and, when needed,
adopting surface-based formulations. The quality of the volu-
metric mesh can be assessed by computing the quality index
defined as the ratio between the radius rin,3D of the inscribed
sphere and the radius rcirc,3D of the circumscribed sphere for
each tetrahedron:

q3D ¼ 3
rin,3D
rcirc,3D

: (1)

For a regular tetrahedron, this ratio equals 1=3, corresponding to
a maximum quality index of 1. Fig. 11 shows the mesh quality
map of the tetrahedra used to discretize the Fiat 500 model. To
overcome the problem, alternative formulations, based on the
surface mesh must be considered, where the penetration depth is
accounted analytically or semi-analytically.

The surface mesh is generated from the volume mesh by
extracting and reassembling the triangular faces lying on the
external boundary. For the Fiat 500 model, this procedure
resulted in a surface mesh composed of 33,206 triangles, which
accurately reproduces the geometry of the original CADmodel.

For a 2D mesh, the quality index is defined as the ratio of the
radius rin,2D of the inscribed circle and the radius rcirc,2D of the
circumscribed circle for each triangle:

q2D ¼ 2
rin,2D
rcirc,2D

: (2)

The 2D mesh quality is mapped in Fig. 12. The quality of the
3D and 2D meshes is quantitatively compared in Fig. 13. Not-
withstanding an overall good quality of the meshes, the 3D
mesh presents about 1,500 elements with a quality index lower
than 0.1. On the contrary, the 2D mesh has an overall better
quality, with a median value of 0.9 and only a few outlier ele-
ments have a quality factor lower than 0.35, making this mesh
suitable for electromagnetic simulations.

In the following analysis, a hybrid formulation using the
BEM equation in the air and magnetic non-conductive structures
and the SIBC in the conductive region is used [31].

A dynamic WPT system, with 50 transmitting pads (each
1:5 m� 0:5 m), spaced by 0:5 m, is considered. The rear-
mounted receiver follows the SAE J2954 standard [3], operating
at 85 kHz and 7:7 kW. The excitation currents are set equal to
the corresponding values derived in Sec. III-A, i.e. 26 A and
j26 A. According to the literature, dynamic WPT systems can
be analyzed as stationary ones, with the worst-case exposure
occurring during vehicle movement between transmitters [18],
[32] as in the case shown in Figs. 14 and 15(a). Due to the rear
position of the receiver, the stray magnetic field generated by
the transmitter is maximum due to minimal car body shielding.

The human model used is Duke, a 34-year-old male from the
virtual population [33]. Tissue dielectric properties are sourced
from the IT’IS database [34], except for the skin, whose conduc-
tivity is assumed to be 0:1 S=m to limit unrealistically sharp
localized peaks of the induced electric field [35], [36], [37],
[38]. A resolution of 2 mm� 2 mm� 2 mm is employed. In
Fig. 15(a), the human body is 1:3 m from the transmitter center
and 0:45 m from the car body. A 3D contour plot highlights
regions exceeding 27 lT [39], i.e., the ICNIRP 2010 reference
level for public exposure at 85 kHz. It also reports 15 lT, i.e., the
limit for people with cardiac implantable electronic devices pro-
posed by SAE J2954 [3], and 6:25 lT, i.e., the ICNIRP 1998 refer-
ence level for public exposure [40]. It is apparent that part of the
legs of the human model lies within the 6:25 lT region.

Under the considered quasi-static conditions, the perturbation
of the source magnetic field due to the human model is negligi-
ble; therefore, the field is computed without the body and subse-
quently used for dosimetry [35]. Induced quantities are
calculated using the scalar potential finite difference (SPFD)

Fig. 10. Magnetic flux density along the two inspection lines.

Fig. 11. Map of the 3Dmesh quality for the Fiat 500 model.

Fig. 12. Map of the 2d mesh quality for the Fiat 500 model.
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method, with source terms derived from magnetic flux density
values in a bounded volume including the human body [31],
[41]. The regulatory frameworks define the dosimetric quantities
to be computed: the 1998 ICNIRP guidelines require current
density averaged over 1 cm2 [40], while the 2010 guidelines
require the 99th percentile of the induced electric field [39].
Moreover, recent advances in numerical dosimetry point out
that, for non-uniform exposures, the 99.9th percentile should be
preferred to avoid underestimation [42], [43]. Fig. 15(b) shows
the induced electric field, and Table II provides 99th and 99.9th
percentile values for key tissues. The maximum 1:14 V=m is
well below the 11:5 V=m basic restriction (ICNIRP 2010 guide-
lines). This is expected because the magnetic field exposure
remains under 27 lT. However, the maximum induced current
density of 169 A=m2 approaches the 170 A=m2 basic restriction

(ICNIRP 1998 guidelines), indicating a compliance distance of
0:45 m for the simulated configuration and operating conditions.
Closer proximity might be allowed under ICNIRP 2010 guide-
lines but poses other risks (e.g., collision with the car).

V. CONCLUSION

This work presents Vehicle4em, a four-vehicle CAD database
tailored to numerical electromagnetic simulations, designed to
support robust meshing and reliable field predictions for prob-
lems involving realistic vehicle geometries. These models
address practical issues that often make “as-designed” mechani-
cal CAD assemblies difficult to use directly in EM solvers,
while retaining the geometric features that govern shielding and
eddy-current driven field shaping in the near zone.

Using an SAE J2954-like WPT configuration as a representa-
tive low-frequency scenario, the results highlight that over-
simplified chassis representations can lead to substantial, spa-
tially dependent errors in stray-field estimates (including local-
ized over/underestimations and, in some regions, deviations on
the order of a factor of two), supporting the need for full-vehicle
geometry in predictive assessments. Furthermore, comparisons
across the shared vehicles show that vehicle geometry diversity
has a measurable impact on the predicted field, with peak values
along the defined inspection lines differing by roughly a factor
of two between models in the presented examples. The final
case study demonstrates how the database can be used end-to-
end for compliance-oriented workflows that include numerical
dosimetry.

Overall, the database (available via [23]) can serve as a repro-
ducible benchmark for future studies on WPT stray-field mitiga-
tion, EMC, and human exposure in automotive contexts, and
more broadly for EM interactions involving realistic vehicle
bodies.
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