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Abstract: When it comes to space vehicles for humans (as the International Space Station), the most important goal is how to achieve 

safety in the space vehicles, that people should survive their travel to space and return safely, in good health. In this connection, the primary 

role of the space materials science is to ensure the long-term trouble-free operation of materials and elements of equipment in a space 

environment. In this paper we present the second part of the brief analysis of some different aspects of the space environment and their effect 

on the properties of materials which are located or are mounted on the body of the International Space Station.  
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1. Introduction 

In this paper we present a brief overview of the analysis of 

different aspects of the space environment and their effect on the 

properties of materials, which are located or are mounted on the 

body of the ISS (or a spacecraft, or a satellite in the low Earth orbit) 

(Fig. 1). This is the next, second part of our previous paper „The 

environmental conditions in the neighbourhood and on the surface 

of the International Space Station: part one“ [1].  

 

Fig. 1 International Space Station and the Earth [2,3].  

2. Conditions around and on the body of the ISS 

It is a true miracle that we have such the extremely harsh and 

unfriendly environment surrounding us from all corners of space. 

Indeed our planet is a fantastic exception relative to what we know 

of the universe. We must continue to learn about the environment in 

space and how to overcome the challenges surrounding us, in order 

to learn how to live safely outside of our Earth. These are many 

harsh factors – gravity, vacuum, neutral particles, plasma, 

micrometeorites, space debris, radiation etc. in our space 

environment.  

2.1. Radiation: Effects 

We are going to talk about the radiation sources in space and 

the dangerous of radiation. The main types of penetrating 

corpuscular radiation in space are electrons and protons trapped of 

the Earth's radiation belts, galactic cosmic rays (GCR) and solar 

cosmic rays (SCR) already familiar to us [4-11].  

There are several risks - health risks (these risks are not our 

subject) and also some other risks. For electronics, radiation can 

cause signal event upset, which is a change of state caused by one 

single ionizing particle striking a sensitive node in a micro-

electronic device, such as in a microprocessor, semiconductor 

memory, or power transistor, which can cause computers to 

malfunction. There have been cases where it was fairly sure that the 

problem like this led to loss of a space mission and a satellite.  

Continuous radiation also degrades the solar arrays, which is 

another problem. In addition to the ionizing particles that we have 

talked about, there is very intense ultraviolet (UV) light from the 

Sun in space to the ISS. UV radiation, which does not affect 

materials on the ground, because it is filtered out by the atmosphere, 

can damage most organic materials, like polymers. This, together 

with the effect of vacuum on materials, makes material selection for 

space quite hard. Lastly, solar radiation also creates a force on any 

surface that is exposed to it. We call it the "solar radiation 

pressure". This force is small but continuous, and it creates a 

perturbation that can take our satellite out of its intended orbit, if we 

do nothing about it. This force can, however, be used for something 

practical: we can build, for example, "solar sails", which are very 

large surfaces that can be deployed in space, to use this force and 

travel for free, without consuming any propellant. This is a 

technology that is currently under study.  

All radiation changes that occur in the materials and elements of 

the apparatus can be divided into reversible and irreversible. 

Reversible changes occur in the materials during irradiation and 

almost completely disappear after it is discontinued. Irreversible 

changes continuously accumulate during irradiation and are retained 

completely or partially after the irradiation has ceased. Changes of 

the first kind are mainly due to ionization and excitation of the 

atoms of the substance, changes in the second type - with the 

formation of radiation defects.  

Let us consider how the changes of both types arise in 

semiconductor devices [9].  

Charged particles, braking in a solid, produce ionization of 

atoms, and electrons separated from atoms can freely move in it. 

The ions formed are deprived of this possibility - they are firmly 

held together by bonds in the crystal lattice. However, each ionized 

atom can capture an electron of an adjacent neutral atom, as if 

"transferring" its ionized state to it. When an external electric field 

is applied, the process of moving the ionized state in the crystal 

lattice occurs in a direction opposite to the direction of motion of 

the electron and is equivalent to the displacement of an elementary 

positive charge (hole). Two elementary charges of the opposite sign 

are formed in a solid in the ionization of an atom-an electron and a 

hole (an electron-hole pair is formed). Electrons and holes can be 

created in semiconductors and in another way - by introducing into 

the main material impurities that form in it either additional free 

electrons or, conversely, holes. In the first case, it is said that the 

semiconductor material has electron conductivity, or n-type 

conductivity, in the second case it is hole conductivity, or p-type 

conductivity.  

If two semiconductor materials with opposite conductivity types 

are brought into close contact, a double electric layer is formed near 

the contact plane, the so-called pn junction, which has rectifying 

properties, i.e., the ability to transmit electric current only at one 

polarity of the external voltage applied to the pn junction. The work 
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of most semiconductor devices is based on the rectifying action of 

the pn junction. Thus, one of the consequences of the effect of 

radiation on semiconductor devices is an increase in the reverse 

current of pn junctions upon irradiation, which can worsen 

instrument parameters. The effect of increasing the reverse current 

of the pn junction upon irradiation finds also a useful application: 

semiconductor detectors of ionizing radiation work on this 

principle. Most often, the currents created by cosmic radiation in 

semiconductor devices directly upon irradiation are small and do 

not significantly affect the operation of electronic equipment. More 

important are irreversible changes, manifested in the gradual 

deterioration of the parameters of semiconductor devices: a 

decrease in amplification, a reduction in the permissible operating 

voltages, etc. These changes, as already noted, are due to the 

accumulation of radiation defects in semiconductor materials. 

Radiation resistance of semiconductor devices is evaluated mainly 

by irreversible effects, which can eventually lead to failure or 

complete failure of the device. A failure is considered to be the 

departure of the main monitored parameter of the device from the 

set interval of admissible values. Different optical materials have 

relatively low radiation resistance. The assortment of optical 

elements used onboard the ISS/spacecraft is extremely wide: 

portholes, lenses, prisms, light guides, input windows of 

photoelectronic devices, elements of laser technology, etc. The 

main effects caused by cosmic radiation on optical materials are 

luminescent luminescence and staining. The first effect is 

reversible, the second - irreversible. Under the influence of 

radiation, ionization and excitation of atoms of optical materials 

occur. The excess energy reported to the atoms is largely released 

by emitting photons of light in the visible part of the spectrum. Such 

a luminescence, excited by ionizing radiation, is called 

radioluminescence. We should particular mention the case of 

radioluminescence of optical elements under the action of heavy 

GCR nuclei. When they hit a luminescent optical material, there is 

an intense light flash, called phosphene. Phosphenes create 

significant impulse noise for optical equipment and optoelectronic 

devices. Staining of optical materials under the action of cosmic 

radiation occurs due to the ionization of atoms and the appearance 

of radiation defects. The free electrons and holes that appeared in 

the material upon irradiation can be captured by radiation defects. 

Thus, the so-called colour centers are formed, which both change 

the optical properties of the material. The problem of radiation 

dyeing is especially important for fibre optics used in space 

equipment, since the length of fibre communications can reach tens 

and hundreds of meters and the effect of radiation reduction of the 

transparency of the fibre will greatly affect the quality of the 

transmitted information.  

The task of protecting the crew and spacecraft equipment from 

the effects of radiation is one of the most important in the 

preparation of space missions. The main method of protection is the 

absorption of radiation by the shell of ISS. Even a relatively thin 

aluminim wall significantly reduces the radiation dose in the inner 

compartments. The so-called active methods of protecting the 

ISS/spacecraft with the help of electric or magnetic fields that divert 

charged particles from the apparatus are also being developed.  

Protons from SCR pose a danger for astronauts and for flights in 

near-earth orbits, although much less than during interplanetary 

flights. The fact is that the main part of SCR protons is deflected by 

the Earth's magnetic field to the poles and there it is absorbed in the 

atmosphere, penetrating to altitudes of several tens of kilometres. At 

medium and especially equatorial latitudes only protons of the 

highest energy can penetrate through the magnetic field, which are 

relatively few in the composition of SCR.  

If an extremely powerful solar flare happens, there are two 

possibilities: (a) - to take refuge in the descent vehicle of the Soyuz 

spacecraft, which thick heat-insulating walls create reliable 

protection against radiation; (b) - during the time of the motion of 

SCR protons from the Sun to the Earth, take measures to lower the 

ISS/spacecraft from the orbit.  

2.2. Heavy nuclei  

Electrons and holes formed when a fast charged particle hit a 

semiconductor device create an electric charge inside it, and their 

motion in an electric field causes a current pulse. This effect is 

based on the work of charged-particle detectors, that is, the effect is 

useful for detectors. However, for transistors and integrated circuits 

operating in various electronic devices of ISS (or spacecraft), 

similar phenomena serve as a source of impulse noise. If the 

amplitude of the interference signal is comparable to the amplitude 

of the operating signals of the semiconductor device, a false alarm 

can occur in the device that includes the device (for example, the 

trigger will switch, the state of the memory cell will change, etc.). 

Such phenomena are usually called functional malfunctions, among 

which, in particular, information malfunctions in the memory cells 

of a computer.  

At the heart of functional failures, therefore, are reversible 

changes in the parameters of semiconductor devices. A distinctive 

feature of such a failure, which distinguishes it from other 

phenomena associated with the action of corpuscular radiation, is 

that it is caused by a single charged particle when it enters a 

semiconductor device. While the gradual degradation of instrument 

parameters associated with irreversible effects is a consequence of 

the impact of a large number of particles.  

Two conditions are necessary for the appearance of a functional 

malfunction: a sufficiently large value of the charge created inside 

the semiconductor device by the incident particle, and not too long 

an ionization track (to collect electrons and holes more fully at the 

electrodes of the device). It follows that such failures can be caused 

only by particles having a sufficiently high energy and at the same 

time a small mean free path in the semiconductor material.  

Of the various types of cosmic corpuscular radiation, the heavy 

GCR nuclei satisfy these requirements to the greatest extent (see 

Table 3 [1]). Due to their very high initial energy, the GCR particles 

penetrate the shell of the ISS, the protective casings and the 

instrument housings and can get into the semiconductor material at 

the end of the run, having significantly lower energy, but just such 

that it is effectively inhibited and produce intense ionization in a 

thin layer of semiconductor material.  

According to the available estimates [9,10], the probability of a 

heavy GCR core falling into the active region of a semiconductor 

device during one day of space flight is approximately 10-5. 

However, computers installed on board modern ISS/spacecraft 

already contain about 105 semiconductor devices, that is, in their 

totality they are potentially exposed to one functional malfunction 

per day due to the effect under consideration. But there is a steady 

trend towards a further increase in the volume of electronic 

equipment on board the ISS/spacecraft. The Space Station is really 

run by computers. The computers are also connected to a lot of 

sensors, which sense the status of many, many systems of ISS.  

The problem of functional failures in electronic equipment 

under the action of single charged particles has arisen as a result of 

progress in the field of semiconductor instrumentation technology. 

The creation of modern semiconductor chips with a very high 

degree of integration, on the one hand, led to a decrease in operating 

voltages and currents, and on the other - to a sharp increase in the 

number of elements susceptible to malfunctions in the equipment.  

2.3. Solar Panels  

Solar batteries - the main sources of electricity on modern 

spacecraft - consist of a large number of semiconductor 

photoconverters, or, as they are called, solar cells. All the electrical 

power on ISS also comes from the solar arrays.  

The theoretical coefficient of conversion of solar energy into 

electrical energy (photoconverter efficiency) can reach 22%. The 

efficiency of photoconverters actually used on the spacecraft is still 

about half lower. The operating parameters of the photoconverter, 

including the efficiency, depend strongly on the completeness of the 
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collection of electrons and holes formed on the electrodes by the 

light. Various defects of the structure of a semiconductor material 

(the material without defects at all is impossible to fabricate), as 

well as defects that arise under the action of cosmic radiation, 

capture a part of the electrons and holes as they move toward the 

electrodes, which leads to a deterioration in the parameters of the 

transducer.  

Since power supply is one of the key factors in ensuring the 

normal functioning of ISS/spacecraft, considerable efforts have 

been made to study the radiation resistance of photoconverters and 

to develop ways to protect them against the effects of cosmic 

radiation. The simplest and most effective way to increase the 

radiation resistance of solar batteries was the use of optically 

transparent protective coatings, which do not allow passing a 

significant part of the incident corpuscular stream. As such a 

"shield" for solar cells, quartz and glass plates 0.1 - 3 mm thick are 

used. The thickness of the plates is chosen on the basis of 

compromise considerations: to provide a sufficiently effective 

protection of solar cells with a minimum increase in mass; structure. 

According to available data, the use of protective coatings makes it 

possible to increase the radiation resistance of solar batteries 100-

1000 times.  

In addition to radiation degradation, the characteristics of solar 

panels can deteriorate due to the already discussed process (see [1]) 

of contamination of the protective glass surface with own external 

atmosphere (OEA) products.  

2.4. Micrometeoroids  

Now we will talk about micrometeoroids. The goal is to 

understand what we mean by these concepts, how many there are of 

these in space, and what mitigation strategies can be used to 

decrease the risk of damage to ISS/spacecraft. We will start with a 

few definitions. First we have meteoroid, which is a small particle 

from an asteroid or comet, orbiting the Sun. A meteor is a 

meteoroid that is observed as it burns up in the Earth’s atmosphere, 

also known as a shooting star. A meteorite is a meteoroid that has 

survived its passage all the way to the Earth’s atmosphere, and 

impacts the Earth’s surface. So, we have to distinguish the 

difference between meteoroid, meteor and meteorite. The ones that 

hit you in space are the meteoroids. Near Earth Object or NEO are 

asteroids or comets that orbits around the Sun at very close 

proximity to Earth’s orbit, and could actually risk hitting the Earth 

sometime in the future.  

Micrometeoroids are very small meteoroids, about a millimeter 

in size, and less than a gram in mass. Due to its very high speed, on 

the order hand, of the order of 10km per second micrometeoroids 

can be a danger to a spacecraft. They constantly degrade the outer 

casing of a spacecraft in a manner analogous to sandblasting. 

During meteor showers sometimes there is the risk that larger 

micrometeoroid pieces could damage the heat shield, or other parts 

of ISS. We can note that 10-40,000 tons of micrometeoroids per 

year fall on Earth. That is a lot, while meteoroids are out there, they 

are not caused by anything humans have done.  

2.5. Space debris  

Space debris is completely created by humans. Space debris is 

leftover pieces from launchers, dead satellites, and other things, 

which have been left up in space, orbiting, and that we cannot 

control. Sometimes they collide, and create even more space debris 

pieces. By now, we estimate that there are about 20000 pieces of 

space debris larger than 5 cm in size orbiting the Earth, which can 

be tracked from Earth. We know roughly how many there are and 

approximately where they are. There are, however, another 300000 

pieces smaller than 1cm, at below 2000 km altitude. These pose an 

increasing danger for satellites and space vehicles up there. Space 

debris is constantly increasing, and they are also putting more and 

more satellites up there, so this is a growing problem.  

Unfortunately, we do not yet have a good idea for how we can 

actually clean up the space debris. So what can one do to protect our 

spacecrafts? One thing is to calculate the risks, depending on the 

sizes and the speeds the micrometeoroids and space debris and then 

put shields on the outside of the spacecrafts.  

This is actually what has been done on the Space Station. Since 

the early years of the Space Station, the Americans determined that 

there was a need for some more shields on the Russian part of the 

ISS to make sure the risk over the long lifetime of the Space 

Station, would be low enough. So they added extra shields on the 

outside of some parts.  

The other thing that can be done is to track all debris the size of 

a fist and bigger, and if anything risks coming in the vicinity of 1km 

of ISS, then you can do a collision avoidance maneuver. You can 

give the Space Station a little boost to push it up, or possibly even 

bring it down, to get out of the collision area. There have been a few 

instances where there has not been enough time to do this 

maneuver, and in these cases, the crew has been asked to sit in the 

Soyuz capsule during the time when they could possibly have had a 

collision. If there is a collision they could have left the Space 

Station immediately, if there is no way to save it.  

These are the two risks in space from matter that can possibly 

collide with the spacecraft - micrometeorids and space debris. 

The micrometeoroids are all over in space, whereas space debris 

is only a problem in the orbit around the Earth. To protect 

spacecraft, we can put up shields to make the walls thicker and that 

will help. And secondly, we can try to avoid a collision if the matter 

is detected early enough.  

2.6. Plasma  

Plasma is the fourth state of matter, after solid, fluid and gas. If 

it gets hot enough, the matter gets completely, fully ionized. And it 

is a mixture of electrons and protons, mainly of equal amount. In 

total, it is neutral. Actually 99% of the universe consists of plasma. 

The solar wind carries plasma, and bound to it are magnetic fields. 

There are not a lot of particles there, about 10 particles per cubic 

centimeter, but the issue is that spacecraft can get charged by the 

plasma, which can disturb communications and can disturb 

instruments. It is a hazard when doing space walks and dockings, 

where there is a risk for discharges. On the ISS the risk is increased 

by the huge solar arrays, which can have up to 160 volts. Due to 

this, we have taken some measures to try to “ground”, so to say, the 

ISS towards the space. This is done with a special device called a 

Plasma Contactor Unit, which controls the voltage between the 

Space Station structure and the local plasma. And before you allow 

astronauts to go on space walks, you have to make sure that at least 

one PCU - Plasma Contactor Unit - on the Space Station works. 

We talked about vacuum, that there still are atoms and 

molecules around out there in space, in low earth orbit in particular 

and they will exert some drag force in low earth orbit, so spacecraft 

will not stay there forever unless one gives them a boost now and 

then, and that plasma that comes in the solar wind is another danger 

in space.  

2.7. Neutral particles  

In space it is not a perfect vacuum, we have what is called, 

neutral particles, still in low Earth orbit, roughly between 100 to 

2000 km altitudes. There are some nitrogen molecules up to about 

100 km, but of bigger concern is atomic oxygen from 100 to some 

700 km. Atomic oxygen is a particularly aggressive chemical, so it 

can cause surface erosion and degradation of many materials. The 

second effect of neutral particles, or remainder of atmosphere, is 

that they exert a drag force on the space vehicle. The drag force F 

(see formula (1)) is given by the density of the medium we are in, 

which is proportional to the pressure - times the surface area 

perpendicular to the velocity, called A, times the velocity v squared, 

and there is also times some drag coefficient, called CD [3,4]  
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(1) DCvASF 2.. .  

This force (1), which acts against the velocity vector, has a 

slowly braking effect, and eventually leads to an orbit altitude loss. 

The International Space Station typically loses around 150 to 100 m 

of altitude per day. The altitude loss, converts into the lifetime of a 

spacecraft in orbit. The lifetime in space increases very quickly with 

altitude because the pressure falls quickly.  

The low-density spacecraft, with 25 kg per square meter, at 300 

km altitude will only survive about two weeks in orbit. While if ISS 

moves up towards a bit over 500 km altitude, you can stay there for 

a year. When you reach about 700 km, you could stay there for 

about 15 years. If you have a more high-density spacecraft, like 100 

kg per square meter, then it could stay longer with a factor of 4 to 5.  

2.8. Secondary-emission processes  

The electrons incident on the plate (of some material) in 

vacuum knock out the so-called secondary electrons from its near-

surface layer, which leave the plate and fly out into the vacuum. 

This phenomenon is called secondary electron emission. Thus, 

through the surface of the plate, two electron streams are directed 

towards each other: the flux of electrons incident on the plate 

(primary) and the flux of electrons leaving the plate (secondary). 

The value equal to the ratio of the current of secondary electrons to 

the current of primary electrons, the secondary electron emission 

coefficient, can be either smaller or greater than unity. The 

magnitude of the secondary electron emission coefficient depends 

on the kind of material, the degree of purity of its surface, the 

energy of the primary electrons and on some other less significant 

factors. With an increase in the energy of primary electrons, the 

coefficient of secondary electron emission first increases, and then, 

after reaching a certain maximum value, begins to decrease. For 

metals, the maximum value of the secondary electron emission 

coefficient is usually 1 - 1.5 and is achieved at primary electron 

energies of about 500 eV. Dielectrics, as a rule, have a higher 

coefficient of secondary electron emission in comparison with 

metals. When electrons are bombarded with ions, electrons are also 

knocked out-secondary electron emission under the action of ions, 

or ion-electron emission. Simultaneously, a certain amount of ions 

is knocked out of the surface-secondary ionic or ion-ion emission 

occurs. In outer space corpuscular streams different in composition 

and energy act on the ISS/spacecraft. Therefore, on the surface of 

the spacecraft, all the listed processes proceed simultaneously, the 

intensity of each of which depends on the characteristics of the 

irradiating radiation.  

It is important to note that the change in the state of the material 

surface inevitably entails a change in their secondary emission 

properties under the action of a space factors (cosmic vacuum, 

particles from OEA, corpuscular fluxes, ultraviolet radiation).  

From the illuminated areas of the surface of the ISS, 

photoelectron emission occurs - the emission of electrons under the 

action of solar electromagnetic radiation (mainly ultraviolet). The 

current density of photoelectron emission from the surface of the 

spacecraft is (1 - 5).10-5 A/m2.  

Secondary-emission processes can directly affect the operation 

of on-board ISS/spacecraft equipment, creating extraneous currents 

in sensitive sensors of various devices. The role of these processes 

is very great when electric charges are formed on the surface of a 

ISS/space vehicle.  

3. Conclusion  

When it comes to space vehicles for humans (as ISS), the most 

important goal is how to achieve safety in the space vehicles, that 

people should survive their travel to space and return safely, in good 

health. In this connection, the primary role in the implementation of 

space projects is to ensure the long-term trouble-free operation of 

materials and elements of equipment in a space environment. The 

achievements of space materials science are a solid foundation for 

solving these tasks. We briefly examined some of the problems and 

tasks that space materials science is dealing with - such as the 

behavior of materials in high vacuum conditions, the degradation of 

materials on the surface of ISS and equipment elements [1]., the 

electrification of satellites, the work of materials in the atmosphere 

of heavy nuclei, the secondary-emission processes, space debris, 

micrometeoroids, solar panels, etc. But there are many other aspects 

of the space environment and their effect on the properties of 

materials, which are located or are mounted on the body of the ISS, 

which will be the subject of our next future study.  
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