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Abstract
Purpose: Cell experiments are vitally dependent on CO2 incubators. The heating system of usual incubators
result in undesirable induction of Electromagnetic (EM) fields on cells that result in decreased accuracy in bioelectromagnetic tests. EM shields can cause a considerable decrease in the stray fields and eliminate the
undesirable induction.
Materials and Methods: CST-2019 is used for simulations. five different shielding systems have been
examined in this paper. We try to modify shape and material used for shielding to achieve better result. (Iron,
Mu-Metal, steel).
Results: We introduce a simple practical design, together with variations of previously reported ones, and
numerical evaluation of their magnetic field attenuation.
Conclusion: The targeted design decreases the field within the shield to about 0.03 times of the incident
magnetic field, while having holes for air and CO2 exchange.
Keywords: Shielding; Incubator; Electromagnetics; Cell Culture; Protection; Bioelectromagnetics.
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1. Introduction

used [4, 15, 16]. Shielding that has been discussed in
this paper should have three primary properties:

Since the environmental temperature may affect
physiological response in in-vitro biological experiments,
it is necessary to provide cells with similar environment to
that in the body; which is the reason why biological
incubators are used. In general incubators adjust
humidity, temperature, and air CO2 based on cell culture
[1, 2, 3, 4]. Almost all biological incubators use special
heating elements to adjust the temperature. Unfortunately,
these elements cause Electromagnetic (EM) pollution
within the incubators. Since cell behavior is influenced
by electromagnetic fields, these stray EM fields
interrupt the accuracy of experiments, especially in the
study of controlled EM fields' effects on cells [1, 2, 3].

1. This shield must be able to eliminate whole
interrupting fields, but since the main power of
these fields are concentrated in range 50-60 Hz,
proper attenuation is steep.

Ambient magnetic fields exist on the earth (essentially
constant such as earth's geomagnetic field, or timevariant produced by particular sources, especially manmade [4]). The earth's magnetic field (B) is, dependent
on location, variable from 25 to 70 µT with small
fluctuations around +/- 0.1 µT [4, 5]. A typical house has
a time-variant background magnetic field from 0.05 to 0.4
µT [4, 6], which is mostly around 50 Hz. Nevertheless,
stray fields from incubators can be as large as 20 µT
around 50 Hz.

2. It must consist of some pores for airflow and
displacement of an adequate amount of CO2 and
Humidity, which requires high accuracy in design
for trade-off with the first property.
3. There should be no region in the shield that
provides good areas for parasites to grow and
spread, such as hinges, doors, or corners.
Some solutions to solve these problems have been
proposed such as in [2]. In this paper, we explore those
options numerically and, additionally, show numerical
analysis for our proposed design.

2. Materials and Methods

Although these stray magnetic fields in the incubator
have extremely low intensity, they can lead to resonant
responses in cells, as some research show. Cellini et al.
(2008) claimed that in the presence of 50Hz EM field,
some bacterial responses such as modifying morphology
from bacillary to coccoid as an immediate effect and
some other effects appeared [7]. Some pieces of evidence
have shown EM fields interfere with growth of cells,
proliferation and differentiation, as demonstrated in
murine and rat neuronal cells [8-13]. 50Hz EM fields
cause an increase in the level of the anti-apoptotic protein
BAG3 in melanoma cells [14]. Interestingly, the most
intense induced EM field in incubators happens around
50Hz frequency (due to the power line frequency). All of
these examples bring us to the fact that EM fields have
considerable effects on cell incubation and tissues, so it
is necessary to shield cell-samples in incubators to
protect cells from undesirable induced effects.

In this article, mu-metal and steel have been used for
shielding, and the software which is used for calculations
and simulations is CST-2019, static and low-frequency
modes, and LF frequency domain. Simulated models for
analysed cases had 113483,150236,456103,280494 and
38022 mesh cell, respectively; defined required maximum
relative error was 1e-3 with minimum two and maximum
ten steps of mesh refinement. Open boundary conditions
have been considered. The boundary condition defines
the radiating environment of the model. If you specify
open, the simulator effectively places perfectly matched
microwave absorber material at the boundary, which
guarantees that this plane appears to be open space. The
applied field has a constant value in all directions
(51.5A/m). The matchbox design consists of two boxes
that will fit inside each other, and each box consists of
specific turns of mu-metal with 0.01-inch thickness.
Third type of shielding was initially designed by M. R.
Hernández which is similar to matchbox [4] as shown
in Figure 1(a). We explore several modifications of this
initial design in our work, with different wall-thickness
parameters.

For low-frequency EM fields, the materials such as
multilayer ferromagnetic (Mu-metal or Permalloy)
and also thick-walled eddy current shield have been

Our proposed design is based on magnetic field
minimization in the shield interior with minimum cost;
since high thickness mu-metal is rather expensive.
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3. Results
Overall, five different cases are simulated, and results
are described below:
(a)

(b)

Figure 1. (a) Matchbox design (b) Proposed design

To achieve this, we used a mu-metal box with a
thickness of 0.01 inch placed like a tray-cap on one
layer of steel with a thickness of 0.5 cm. In order to
adjust the humidity and flow of CO2 between inside
and outside of the box, several holes (circle of radius
0.5cm) have been placed in this design (Figure 1 (b)).
In all cases, the relative magnetic field intensity in the
center of the interior is given by Equation (1):
𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦
=

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐸𝑀 𝑓𝑖𝑒𝑙𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑖𝑑𝑙𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑒𝑠𝑖𝑔𝑛𝑒𝑑 𝑠ℎ𝑖𝑒𝑙𝑑
𝐴𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑀 𝑓𝑖𝑒𝑙𝑑

(1)

Case 1: This shield is constructed from two separate
boxes that fit inside each other like a matchbox. The
walls are made from 0.12-inch mu-metal. Relative field
intensity for 50 Hz, 30 Hz, and 5 Hz EM field are 0.0023,
0.0021, and 0.0019, respectively. Figure 2 shows the
maximum EM field for 3 different frequencies in the
presence of mentioned designed shield (2) (matchbox)
with doubled layers.
Case 2: This design is constructed from two separate
boxes that fit into each other like a matchbox with walls
made from 0.06-inch mu-metal. Obtained relative field
intensities for 50 Hz, 30 Hz, and 5 Hz EM field are 0.48,
0.38, and 0.87, respectively. Figure 3 shows the
maximum EM field for 3 different frequencies in the
presence of the modified shield (2) (matchbox).

Figure 2. EM fields in (a) 5Hz (b) 30Hz (c) 50Hz frequencies, and (d) the shape of designed shield

Figure 3. EM field permeability in (a) 5Hz (b) 30Hz (c) 50Hz, and (d) the shape of designed
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Case 3: in this case iron is used instead of mu-metal
in designed shields (2) (matchbox).Obtained relative
field intensities for 50 Hz, 30 Hz, and 5 Hz EM field are
0.65, 0.67, and 1.35, respectively.
Figure 4 shows the maximum EM field for 3
different frequencies in the presence of the designed
shield (2) (matchbox) by using iron instead of mumetal.
Case 4: In this case a completely closed box
constructed made from mu-metal with 0.01-inch
thickness has been used (Figure 5). Obtained relative
field intensities for 50 Hz, 30 Hz, and 5 Hz EM field are
0.077, 0.054, and 0.027, respectively. Please note that
this case is not realizable in practice because of
blocking CO2 entry, and has only been included for
comparison.
Case 5: In this case the box is constructed of mumetal with 0.01-inch thickness and 1-cm diameter holes
around it and one side of the box is open. A sheet of
steel with 0.5-cm thickness covers the open side

(proposed design) (Figure 6). Obtained relative field
intensities for 50 Hz, 30 Hz, and 5 Hz EM field are
0.038, 0.032, and 0.029, respectively.
Table 1 shows the evaluated relative magnetic field
intensities for all five cases in three different
frequencies according to Equation (1).

3. Discussion and Conclusion
As shown in Table 1, the proposed design (case 5)
satisfies appropriate protection (remaining field below
5%) for cells in incubators with much cheaper design
than other designs because of the mu-metal used in
construction.
Although case 1 shows superior attenuation, it is too
expensive because it is made of 6 layers of mu-metal
for the walls, whereas in case 5 we can achieve
reasonable attenuation with lower price.

Figure 4. EM fields permeability in (a) 5Hz (b) 30Hz (c) 50Hz, and (d) the shape of designed shield

Figure 5. EM field permeability in (a) 5Hz (b) 30Hz (c) 50Hz, and (d) the shape of designed shield
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Figure 6. EM field permeability in (a) 5Hz (b) 30Hz (c) 50Hz, and (d) the shape of designed shield
Table 1. Evaluated relative magnetic field intensity

First case
Second case
Third case
Fourth case
Fifth case

5 HZ
0.0019
0.87
1.35
0.027
0.029

30 HZ
0.0021
0.38
0.67
0.054
0.032

50 HZ
0.0023
0.48
0.65
0.077
0.038
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