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Abstract

In shield design, several factors such as the type of components and the acceptable weight for the
payload must be considered. To reduce construction and launch costs, the use of non-space components
has been favored. Using shields with the suitable material with radiation resistance will be one of the
important challenges in this area. In this paper, the aim is to investigate the methods to reduce the weight
budget by considering the radiation damage of ionizing dose. Analysis and evaluation of test results using
polyethylene shield shows a 17.21 percentage reduction between two external and internal radiation

Sensors.
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1. Introduction

The space environment includes high-energy atomic rays
and particles that have different intensity and effects over
time and at different distances for a space mission. One of
the most important challenges in space missions is the
presence of this type of particles, which can leave their
energy in the system, subsystem or even a used part
depending on the type and duration of the space mission and
create destructive effects on their desired performance [1].
Aluminum is a common material used in spacecraft and
satellites as radiation protection and structural walls, but the
use of new structures and materials in this field has improved
performance and reduced weight budget [2]. The first
solution is to use shielding with a lower weight factor with a
greater reduction in the effects of radiation damage than
aluminum. One of these types of alternative materials that is

examined in this article is polyethylene. Polyethylene is a
good shield due to the presence of high hydrogen in it.
Because hydrogen atoms are good at absorbing and
scattering radiation. Nowadays, researchers are studying
the use of polyethylene as a protective material in space
industries [3].

2. Executive process of work in the paper

In the first step, the radiation environment of the space
mission should be initially investigated using the
mission requirements (type of orbit, launch time,
mission length) and the introduced models for the
radiation environment. In the second step, the effects of
radiation damage are determined by sector analysis or
Monte Carlo analysis up to the component level.
Finally, in the third step, the radiation sensitivity of each
part in the space mission will be tested. The design of
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an electronic or telecommunication equipment in any
space mission is valid when that equipment can fulfill
its functional requirements under the irradiation of the
radiation environment of space with an adequate
radiation design margin (RDM). In this paper, the
effects of ionizing radiation damage during a specific
space mission duration, which will be explained later,
have been investigated based on the results of
simulations, tests and requirements raised in this field.
In order to achieve this aim, SPENVIS, MATLAB and
MCNPx code were used in the simulation results review
section, and the irradiation test with Cobalt 60 source
was performed in the SSDL laboratory of Alborz Health
and Agriculture Research Center. Selected models for
charged particles predicted in the simulation are
presented in Table 1. To determine the amount of dose
in terms of thickness, shield-dose 2 menu was used in
SPENVIS software.

Table 1. Specifications of the predicted charged particle
model in SPENVIS software

Type of models

Type of particles
JEZ2E L Trapped electrons
(Model version: upper flux) PP
APBMAX Trapped protons
(Model version: solar-Maximum)
ESP-PSYCHIC

(total-fluence), lon range:H to U
Confidence level (%):95
ISO 15390
lon range:H to U GCR
(solar activity data: Solar minimum (May 1996))

Solar protons

3. The amount of TIDS according to the amount
of excess weight budget

According to the type of parts used in each space project,
after the design and construction stage of the whole
project, an estimate of the total weighted budget due to all
the parts purchased or built should be based on the
amount of RDM, which is the upstream requirement
booklet of each project. At this stage, according to the
requirements of the predicted weighted budget, the initial
weighted budget can be measured against the reference
weighted budget. In this case, if the initial weight budget
is more than the reference weight budget, there are many
solutions to reduce weight such as replace parts, changing
the design and manufacturing process of parts. It is
important that there is a safe margin compared to the
relevant requirement in this is the section. In this
situation, according to the difference in the initial mass
and the requirements in this section and the density of the
protective material, the maximum thickness of the
protection was determined according to its weight budget.

4. Simulation results

In MCNPx software, in order to simulate laboratory
conditions, Cobalt-60 radiation source is defined. Two
boxes with the same internal dimensions of 10x10x10 cm3
were placed in front of this fountain. One box has an
aluminum wall with a thickness of 6 mm and another box
has a polyethylene wall with a thickness of 13 mm. The
residual dose defined in the TLD, which is one of the well-
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known dosimeters in the field of nuclear calculations, was
calculated on the opposite side of the fountain, behind the
aluminum wall with a thickness of 6 mm. These values
were also calculated for polyethylene protection and are
listed in Table 2.

Table 2. Residual dose ratio in TLDs 1 and 2 for aluminum
and polyethylene shields - Simulation part

Polyethylene Aluminum Dose (Sv)

82.79 85.79 Ratio of TLD2 to TLD1

5. Test results

There are two boxes with internal dimensions of 10x10x10
cm3, one box has an aluminum shield (thickness of 6 mm) and
the other box has a polyethylene shield (thickness of 13 mm).
These boxes were placed in front of the cobalt-60-point source
in the radiation center of Karaj. The radiation arrangement
was chosen in such a way that the distance of the closest face
to the fountain (upper face) is equal to 80 cm. The Kerma rate
in air at a distance of 80 cm from the source was 181.83 +2.72
mGy/min and the size of the field during irradiation was 30 x
30 cm2. Irradiation was done for 5 minutes and 30 seconds.
Table 3 shows the ratio of remaining dose per 6 mm of
aluminum and 13 mm of polyethylene

Table 3. Residual dose ratio in TLDs 1 and 2 for aluminum
and polyethylene shields - Test part

Polyethylene Aluminum Calculat.ed‘
characteristic
96.26 96.85 Ratio of TLD2 to TLD1

6. Conclusions

According to the obtained results, the 14 percentage
weight reduction of the polyethylene shield compared to
the aluminum shield, the use of this shield is more
economical than the aluminum shield both in terms of
dose attenuation and in terms of weight reduction.
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1 . Galactic Cosmic Radiations (GCR)
2 . Total Non-lonizing Dose Level
3. Total lonizing Dose Level
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0.050 | 1.968 | 0.014 |2.167x10"%®|2.156x10"®| 4.640x10*® |0.000x10*®|5.988x10*% 2.161x10%%® 2.161x10%%®
0.100 | 3.937 | 0.027 |8.333x10"%"|8.276x10*"| 2.116x10*® |0.000x10*®|3.597x10*% 8.297x10*" 8.297x10*
0.200 | 7.874 | 0.054 |[3.033x10%"|3.002x10%"| 9.368x10*** |0.000x10**[2.133x10*% 3.012x10*" 3.012x10*"
0.300 | 11.811 | 0.081 |1.576x10%"|1.555x10%"| 5.619x10%** |0.000x10** [1.548x10%% 1.561x10* 1.561x10*"
0.400 | 15.748 | 0.108 [9.427x10%%|9.268x10"®| 3.839x10*** |0.000x10**®[1.207x10%% 9.307x10*% 9.307x10*%
0.500 | 19.685 | 0.135 |6.144x10%%|6.016x10"| 2.855x10*** |0.000x10**®[9.935x10%%* 6.045x10*% 6.045x10*%
0.600 | 23.622 | 0.162 |4.294x10%%|4.187x10*%| 2.249x10*** |0.000x10*|8.536x10** 4.209x10*% 4.209x10*%
0.800 | 31.496 | 0.216 |2.451x10%%|2.370x10"®| 1.560x10*** |0.000x10** [6.542x10%% 2.386x10*% 2.386x10*%
1.000 | 39.370 | 0.270 |1.587x10*%|1.523x10*%| 1.188x10** [0.000x10®|5.273x10*% 1.535x10%% 1.535x10*%
1.500 | 59.055 | 0.405 |6.866x10%%|6.434x10"%| 7.375x10*® |0.000x10*®|3.576x10"* 6.508x10*% 6.508x10*%
2.000 | 78.740 | 0.540 |3.528x10%%®|3.210x10"%| 5.311x10*® |0.000x10*®|2.649x10"* 3.263x10*%® 3.263x10*%
2.500 | 98.425 | 0.675 [1.994x10%%|1.744x10"%| 4.151x10"® |0.000x10*%|2.094x10* 1.785%x10%% 1.785%x10"%
3.000 |118.110| 0.810 |1.199x10%[9.931x10"*| 3.426x10*%® |0.000x10*®|1.715x10*%* 1.027x10%% 1.027x10%%
4.000 |157.480| 1.080 |5.061x10"*%|3.574x10**| 2.567x10*%® |0.000x10*®|1.231x10** 3.831x10*% 3.831x10**
5.000 |196.850| 1.350 |2.474x10"*|1.330x10**| 2.073x10*®® |0.000x10*®|9.359x10*% 1.538x10%% 1.538x10%
6.000 |236.220| 1.620 [1.392x10%%*|4.577x10*%| 1.750x10*® |0.000x10*®|7.596x10%% 6.327x10*% 6.327x10*%
7.000 |275.590| 1.890 |8.935x10*%|1.160x10*®| 1.516x10*® [0.000x10®|6.258x10*% 2.676x10*% 2.676x10*%
8.000 |314.960| 2.160 |6.803x10%%|1.919x10%%?| 1.339x10%%® |0.000x10**® [5.271x10%% 1.531x10%% 1.531x10%%
9.000 |354.330| 2.430 |5.763x10%%|6.484x10"°| 1.203x10%%® ]0.000x10** [4.553x10%% 1.210%x10%% 1.210%10403
10.000]393.700| 2.700 |5.027x10% | 1.352x10° | 1.095x10*%® [0.000x10*®|3.932x10*% 1.095%x10%% 1.095%x10%%
12.000|472.440| 3.240 |4.026x10"%|0.000x10*®| 9.303x10*%? [0.000x10*|3.096x10*% 9.303x10%% 9.303x10*%
14.000]551.180| 3.780 |3.294x10%|0.000x10*®| 8.114x10*%? |[0.000x10*®|2.483x10*% 8.114x10%% 8.114x10%%2
16.000]629.920| 4.320 |2.774x10*%|0.000x10*®| 7.201x10*%? [0.000x10*®|2.054x10*% 7.201x10%% 7.201x10%%2
18.000/708.660| 4.860 |[2.390x10%%|0.000x10%°| 6.459x10%% |0.000x10**® |1.744x10%% 6.459x10*%2 6.459x10*%
20.000787.400| 5.400 |[2.066x10%%|0.000x10*®| 5.848x10%> |0.000x10**|1.481x10%% 5.848x10*% 5.848x10*%

1 . Bremsstrahlung
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