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PW-Sat2: payloadPW-Sat2

Sun Sensor test stand, a product of a team 
member’s engineering thesis.

Sun Sensor

Deorbitation sail

Deorbitation structure onboard PW-Sat2 will take 
form of a  square sail that will open behind the 

satellite. It will make use of rarefied atmosphere by 
greatly increasing the satellite’s drag area and accele-
rating the orbit degradation. After few weeks on orbit 
and plenty of tests, a command will be received (either 
from Earth or from on-board computer) and the sail 
will be deployed. Within few months the satellite’s 
velocity and orbit height will decrease significantly. 

The sail design underwent an intensive development 
in 2014. A few different methods of sail deployment 
have been already tested, including use of materials 
with shape memory (nickel-titanium). Finally a new 
solution was chosen. A sail made of thin foil will 
be deployed on four flat springs (similar to those in 
measuring tapes) wrapped around the center core of 
the system. The core will be held on additional spring 

that will allow the sail to be deployed within a safe 
distance from the satellite (about 20 cm).� ■

Sun Sensor

One of the additional payload experiments will be 
the Sun Sensor. It will provide an orientation and 

position data which will be compared with the com-
mercial ADCS readings.

Most satellites have to be pointed in a specific direc-
tion in order to work properly, for instance telescopes 
towards the stars or weather satellites towards Earth. 
In order to be able to orient the satellite into these 
desired directions, some manner of engine is needed 
which will enable such movement, as well as a kind of 
compass which will determine the direction we need 
to point our apparatus 

The Sun Sensor device is an example of such a cosmic 
compass that will provide the information needed for 
correct positioning of the satellite’s solar panels and 
cameras. Our goal is to create a sun sensor, which 
size, weight and accuracy will be comparable to the 
commercial solutions. However, the nature of its 
basic design will make it simpler and thus cheaper 

to produce. This feature makes it viable to be used 
on board other CubeSat missions all over the world if 
proven successful.� ■

Polish students’ satellite

Our second satellite - PW-Sat2 - similarly as our 
previous project (PW-Sat) will be a showcase of 

a deorbitation technique based on a deorbitation sail.  
A team formed of the students from many different 
faculties of Warsaw University of Technology started 
working on a new satellite in 2013. PW-Sat2 will be 
twice the size of PW-Sat and much more complex. 

In the PW-Sat2 project an education is the first prio-
rity. Hands-on experience in a real space project is 
not the only part. Many diploma theses and semester 
projects are based on the design, construction and 
tests of the satellite and the payload. 

In our new project we would like to develop a deorbi-
tation sail structure based on flat springs attached to 
a cylindrical pin. The satellite will be built according 
to CubeSat standard as 2 unit CubeSat. Space debris 
problem is gaining attention all around the world so in 
our opinion it is a good time for such an experiment. 

We hope that PW-Sat2 will be launched into orbit in 
2016. Although, it won’t be possible without scientific 
and financial support that we are looking for all the 
time.� ■

 

Deployable solar arrays

Deorbitation sail container

 

Deorbitation sail

3D mockup of the sail deployment mechanism

Star Tracker

Panels deployment 
mechanism



Cameras

We decided to place two cameras on board the 
PW-Sat2 satellite. 

The first camera will have small and non-complicated 
optics which will allow us to observe some part of the 
deorbitation sail during its opening. We wish to verify 
not only the opening mechanism but also the effecti-
veness of the sail drag.

Recently, we’ve started a cooperation with a Polish 
space industry company, Creotech Instruments S.A., 
that has offered to place its camera on board our 
satellite. This camera will allow us to make Earth’s 
photographs, as well as function  as a Star Tracker - a 
device to determine the satellite’s position basing on 
the astronomical observations of stars.

The first Polish photographs from space 
were taken by  gen. Mirosław Hermaszewski 
during his „Interkosmos” space flight in 1978.

Summary

PW-Sat2 is an exceptional 
project mostly because of 

the people working on it. Not only 
are there students from various 
faculties of Warsaw University of 
Technology involved, but also many 
academicians have offered to help us. 
Most of the components are our original 
ideas, which in some cases have been 
carried out as a bachelor’s or master’s 
theses. Thanks to the experience earned in 
European Space Agency’s educational pro-
jects our solutions fulfill strict requirements 
which are usually imposed on professional 
space missions

Predicted duration of the project is 4 
years, starting on 4  January 2013. We 
assume that during this time we will edu-
cate over 30 engineers in the field of astro-
nautics and about a dozen students will write 
their theses related to satellite payload. Poland 

Estimated budget

PW-Sat2

Platform On-board Computer
Electric Power System
Solar panels
Communication module
Attitude Det. and Control
Structure

€ 5 000
€ 4 500
€ 9 000

€ 12 000
€ 8 000
€ 3 500

In total
€ 42 000

Payload Deorbitation sail
Sun Sensor
Deployable Solar Panels
Camera

€ 4 000
€ 5 500
€ 1 500
€ 1 000

In total
€ 12 000

Launch Test campaign
Launch

€ 44 000
€ 200 000

In total
€ 244 000

Estimated cost of the project € 296 000
ca. 1 275 000 zł

Deployable solar panels

PW-Sat2 will also have two deployable solar arrays 
with in order to increase the energy gathering area 

and thus the reliability of the satellite. Both panels 
span an area of approximately 10 x 20 cm and are 
arranged symmetrically. During the launch the arrays 
will remain closed and will be held in place with the 
strong Dyneema line. After the detumbling (stabili-
zation) phase PW-Sat2 will point at the Sun and the 
panels will be open. 

Based on the ADCS and Sun Sensor readings we will 
try to point the top side of the sattelite towards the 
Sun. In order to maintain the orientation the PW-Sat2 
will be equipped with set of magnetotorques.

Even in case of failure or blockage the panels will deli-
ver enough energy to cover the basic demands of the 
satellite such as sail deployment. ■
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One of the challenges that we will have to face is a 
transmission of quite large amount of data (in our 
case the photographs). Satellite’s position and orien-
tation may be a problem after the sail opening, but we 
will be prepared for such incovenience. Moreover, 
even in case of communication failure PW-Sat2 will 
accomplish its mission on its own. ■

joined the European Space Agency in 2012 as a full 
state member, what started the process of space 

industry expansion in Poland. We hope that 
contribution to PW-Sat2 project will allow 

our members to find engaging jobs 
in Polish and European space 

industry.� ■



Since the 1957 the humanity have sent over 6000 
objects into Earth orbit. Moreover, it is estimated 

that in orbit there are about 3600 satellites, but only 
a third of them are operational. Until now ca. 25 000 
objects of diameter larger than 5 cm have been cata-
logued. Estimated number of debries smaller than 1 
cm reaches 300 000. These numbers cover rocket 
bodies, inoperative satellites and many different 

debris which may originate from satellites collisions. 
They are called space debris or space junk and some-
times may be a menace to the International Space 
Station or other satellite systems. It is necessary to 
remember that despite the small size they move with 
velocities reaching 36 000 km/h and may cause a 
damage worth of billions of dollars.  

Future
Each of these debris must be monitored in order to 
avoid collision with working satellites or the ISS. The 
growing number of space debris (over 15 000 objects 
larger than 10 cm classified) cause that each year 
more and more resources are needed to assure suffi-
cient level of safety. 

The easiest way of getting rid of space junk is by 
simply burning them in the atmosphere during deor-
bitation. Unfortunately, we can’t do anything with the 
vast majority of these objects. Although, after many 
years the vestigial atmosphere, sun radiation and  
gravitational force may slowly slow them down, but 
until then they will be a threat to new satellites. We 
should take care of the future generations and intro-

duce deorbitation systems in every object operating 
in Earth orbit.

Thus, the main task of PW-Sat2 is to test one of pro-
posed technologies – the deorbitation sail. ■

 Source: NASA Orbital Debris Quarterly News

Space debris are a serious threat to ISS, which was 
shown in a bit exaggerated way in the movie „Gravity” 
PW-Sat2 team consulted Polish translation of the 
movie. (credits: Warner Bros.)
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Space debrisPW-Sat

Three years ago, on 13 February 2012 the first 
Polish student satellite – PW-Sat – was launched 

into Earth’s orbit. It all started in 2004 when the idea 
for such device was born among the students of 
Warsaw University of Technology. Seven years later 
PW-Sat was ready thanks to passionate students and 
scientists from Space Research Center.

PW-Sat’s main task was to test the innovative deorbi-
tation system in form of a long tail expanded behind 
the satellite. Similarly to the current solution, it was 
supposed to greatly increase satellite’s drag area and 
quicken orbit degradation. The tail was also covered 
with flexible solar arrays.

The luck was needed and ESA offered us a chance to 
launch our satellite on-board the Vega Maiden Flight 
as a part of education project at the Education Office 
of ESA. The chance was changed to a real mission 
which finally was accomplished. The satellite was 
launched on 13 February 2012. The main mission 
was accomplished – launch the very first Polish 
satellite and to educate young engineers in the field 
of space engineering as well other related topics. 

The communication with the satellite remained active 
for a few months after the launch. Due to the main 
task – quick deorbitation – the lifetime of materials 

and components used to build PW-Sat didn’t have to 
be long. After the half year of mission the satellite went 
into the hibernation state. During this time one of the 
commercial components failed and made it impossi-
ble to send the tail opening command. PW-Sat2 won’t 
have to cope with such problems as it is planned to be 
completely autonomous and even in case of commu-
nication problem it will continue the mission.

PW-Sat deorbited on 28 October 2014 after 2 years 8 
months and 15 days in orbit. On that day it was reco-
gnized as decayed by NORAD. ■

PW-Sat - engineering model (credits: A. Kotarba)

PW-Sat’s deorbitation tail during the integration 
proccess (credits: A. Kotarba)



Students’ Space Association (SKA) has been on 
Warsaw University of Technology (WUT) since 

1996. It helps students to develop their passions 
and abilities related to astronautics and space. The 
Association gives an unique opportunity to partici-
pate in various projects organized by European Space 
Agency (ESA) and to cooperate with experienced 
engineers from Space Research Centre (CBK) and 
other organisations. 

At this moment there are over 110 students from dif-
ferent faculties of WUT working in four large sections. 
It is one of the largest and the most active Polish stu-
dent scientific organisations and it has been widely 
recognized in Poland for many years. There is a lot 
of dedication and attention given to developing stu-
dents’ experience and we always try to promote the 
astronautics.

Recent SKA projects
• PW-Sat2 - the second Polish student satellite.

• ERIS Project with the „Ares” Mars rover qualified 
to University Rover Challenge and the Depth 
Research Robot of CHEMSEA project.

• Rocketry Section (SR) with Amelia 2 and H1 tw o 
stage rockets.

• Stratospheric Balloons Section (SB) which has 
already under its belt the successful flight of stra-
tospheric „Światowid 2” mission

The most remarkable SKA 
achievments
• PW-Sat - the first Polish student satellite which 

was successfully launched on 13 February 2012 
on maiden flight of Vega rocket. 

• Amelia - three successful launches of solid-fuel 
rocket.

• SSETI EXPRESS - an European student satellite 
launched in 2005. Its aim was to test components 
for the following ESEO project. Our members were 
engaged as „Operation” team. 

• „Skarabeusz” - (Eng. scarab) robotized Martian 
rover, which took part in University Rover 
Challenge in 2009 organised by Mars Society.

• SCOPE (Stabilized Camera Observation Platform 
Experiment) - camera control and stabilization 
system, which - as a part of payload gondola - 
allows to conduct Earth observations. The project 
was a part of REXUS/BEXUS campaign.

• ESEO (European Student Earth Orbiter) - ESA and 
Carlo Gavazzi Space project related to student 
satellite construction. SKA was involved in confi-
guration and steering of the satellite.

• ESMO (European Student Moon Orbiter) - propo-
sed ESA’s first student mission to the Moon which 
was ended in 2012 as a result of budget constra-
ints. SKA was responsible for Thermal Control 
Subsystem and Configuration.

• „Fly Your Thesis” Campaign - NASA and ESA 
microgravity and parabolic flights (ZeroG) pro-
gramme for graduate students. SKA took part in 
this project seven times conducting few combu-
stion experiments. 

• YES2 - Young Engineers Satellite 2 - next ESA 
project which aim was to build a working student 
satellite in order to test possibilities of recovering 
small packages from orbit using a „pendulum” 
method. ■

What can we offer

Supporting a team of young and ambitious stu-
dents is a great way to not only reinforce a positive 

image of a company, but also to be part of training a 
well-qualified staff of engineers - young adults whom 
are the workforce of tomorrow for the Polish space 
sector. One of the objectives of the Students’ Space 
Association and our projects is to popularize space 
and its related activities. Over the course of last year 
more than sixty new members joined the Association, 
and the PW-Sat2 project currently employs about thi-
rty students. Many of these young minds will certainly 
relish the opportunity of finding a job in the field which 
they are fascinated about now.

Students’ Space Association is one of the most 
recognizable organizations related to space and 
astronautics in Poland. Through the internet and uni-
versity community we reach out to several thousand 
people such as students and industry representatives 
of the space sector. Additionally, we are routinely 
approached by media of national coverage for artic-
les, radio or television coverage, as well as participate 
actively during various conferences, picnics and festi-
vals where we promote our projects and interest in 
space among young people, parliamentarians and 
scientists.

Every month our website is visited by a few hundred 
people, and during the events such as the first PW-Sat 
launch, rovers competitions or balloon launching mis-
sions, the information about us appear everywhere. 
The news about the PW-Sat launch in 2012 reached 
at least several million people, and for many days 
occupied leading information services. 

A few suggestions of cooperation that we can offer 
from our side are presented below. We are open to 
any other ideas for scientific and marketing initiatives:

• recommendation among the space sector
• presence on the web, social networks and gadgets
• trademark or logo on the satellite, sail or other ele-

ments, as well the name of the satellite

What do we need
Support in knowledge and experience

The main goal of PW-Sat2 project is to give stu-
dents an opportunity to gain hands-on experience 

in space technologies and allow them to get unique 
skills and knowledge. We are looking forward for sup-
port in this field from companies and organizations 
from Polish space industry. From these which already 
have experience in space projects but also from the 
ones that are only beginning their space endeavo-
urs. We hope to start a cooperation wich will give us 
access to knowledge and experience base as well as 
specialized software, laboratories and test facilities 
during our project realization period. We are open for 
every suggestion, advice and help offer.

Launch campaign or build funding

Our previous Project, PW-Sat, was financed from 
ESA’s PECS (Plan for European Cooperating State) 

programme. It was the first stage of Polish accession 
to ESA. Launch of the PW-Sat, first ever Polish satel-
lite was conducted during ESA’s Education Office 
nanosatellite programme, free of charge on-board 
Vega rocket maiden flight.

PW-Sat2 is, in a sense, a continuation of our previous 
project. We still have some financial resources left 
from PECS programme which may be enough for 
the basic version of the satellite. Unfortunately for 
the launch of PW-Sat2 we will have to pay. Relative 
(to the mass) costs of the launch of small payloads 
are higher than for larger satellites. Additional costs 
include test campaign, launch preparations, satellite 
transportation, storage and launch qualification tests. 
Depending on the launch provider the costs may vary 
because of different rocket, export issues, transporta-
tion costs and rocket qualification requirements

Estimated overall cost of launch campaign is ca. 
250 000 euros. ■
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